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B 18 Claims,

This invention relates.: to thermionic tubes and
particularly . to heating filaments: and mounts
therefor, although. certain features.of the inven-
tion have other applications.

Heating filaments and mounts in cathode as-
semblies of the conventional practice are not en-
tirely satisfactory and particularly assemblies and
structures embodying .comparatively long and
high voltage heating filaments. The longer the
filaments and finer the wire the less self-sup-
porting they become and:the more difficuit it is
to manipulate them and to properly and uni-
formly assemble the elohgated filaments inside
the cathodes without collapse. Difficulties are
also experienced with these fine wire unstable
filaments in mounting thém upon and welding to

the lead wires in a manner so as.to obtain perfect.

welds or not to impair the ﬁlaments or their ter-
minals.

One. object -of the mventmn is a ﬁlament
mounting structure and cathode assembly where-
by the above dxfﬁcultles and others are minimized
or avoided.

A further obJect of the. 1nvent10n is a heatmg'

filament and cathode. assembly of the above indi-
cated character which is' characterized by the

firm and stable stupport of.thé elongated coil fila--

ment inside the cathode against collapse and by

the ease of welding. the filament terminals to the

lead wires to form both a firm support and-elec-
trical connection and by the ease of forming the
filament and assembling it to the mount.

-'A further ‘object of. the invention is 4 coiled
filamentary element of the above indicated char-
acter having a novel and 1mproved end connector
or terminal and support. -~

A further object of the 1nvent1on is a novel and
improved method - of making heating filament
units for thermionic tubes and particularly elon-
gated high voltage filaments which is character-
ized by marked economy in the use of raw mate-
rials, by a substantial reduction in the number of

manufacturing steps or operations, by the ready

adaptability of the method to the making of fila-
mentary. units embodying filaments of the fine-
ness required for high voltage heaters and by a
substantial decrease in matenal loss.

Further obJects of the 1nvent1on will herem—"

after appear.
For a hetter understandmg of the mventmn
reference may be had to'the accompanying draw-

ings forming a part ‘of this application, wherein
Fig, 1 is 4 side view of & thermlomc tube em-

bodying the invention: == - o -

- Fig, 2 is a side view olan enlarged scale of a‘
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filament mount and cathode assembly embodying
the invention;

Fig, 3 is a still further enlarged view of a part
of the mount shown in Fig. 2; -

Pig. 4 is a view similar to Flg 3 but disposed at
right angles thereto;

Figs. 5 and 6 are sectmnal views along the lines
5—5 and 6—86 of Fig. 3;

Fig, 'Tis a view similar to Fig. 3 showing a modi-
fication;

Fig. 8is a dlagrammatlc view illustrating steps
in the making of the filamentary units according
to the invention; and

Figs. 9 and 10 illustrate further steps in the
method of manufacture.

The invention is illustrated as embodied in a
thermionic tube | having two cathode elements,
only one being shown and this one being indi-
cated at 2 and being suitably mounted between the
upper and lower insulating plates 3 and &. 'This
cathode 2 is hollow and of conventional make. It
may be circular in cross section or of other con-
ventional section. In the embodiment illustrated
the cathode element 2 is tubular and circular in
cross section.. The filament element of the fila-
ment cathode assembly is indicated at 5, this fila-
ment being of conventional coil form and of a
length and fineness such that it is incapable of
supporting itself in the position shown without
the support afforded by the filament end struc-
tures 6 and the hollow cathode 2. This filament
§ is coated in the conventional manner with any
of the insulating materials used for. that purpose
so as to prevent short-circuiting of adjacent coils
or the short-circuiting of any part of the filament
by coming in contact with the interior surface of
the metallic cathode 2. At T are shown the lead or
support wires extending from the press of the tube
with their ends 71’ turned over at an angle and
fastened to the end structure & of the filament 5
as, for example, by welding. -

In Figs. 3, 4, 5 and 6 areill ustrated the sup-
porting end structures or terminals of the coiled
filament 5. Each of the terminals § is provided
with a cylindrical supporting part 8 which is of
substantially-the same diameter as ‘the diameter.
of the coil into which the filament 5 is formed
with that part of the filament 5’ being closely
wound about the support 8 with the turns of
the coil 5’ engaging the surface of the cylin-
drical support- 8. This-siipport § is of a shape
conforming to the coils of the filament 5 and as
indicated since the coils are circular the support
8 is circular. The ehd structure or terminal &
also-embodies another ‘filament ‘supporting part
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3
§ which is formed integrally with the support-
ing part 8 and this part 9 of the terminal is fas-
tened as by welding to the lead wire arm 17’. This
part 9 of the filament terminal is flattened on one
side and the portion of the turns of the filament
coil 5’ are embedded in the flattened side of the
part 9. In the particular embodiment shown the
part 9 is flattened on opposite sides to form flat
surfaces 16 between which are disposed round
surfaces 1§ and Figs. 4 and 5 show the opposite

portions of the turns of the coils 5’ as embedded -

in the flattened sides I8 of the terminal support-
ing part 8. The turns of the coils §’ pass around
the unflattened edges i1 of the supporting part

8 without being embedded therein but these por~ 1!

tions of the turns press closely against the
rounded edges i as the turns of the coils 5’
closely surround the terminal supporting pari 8.
By embedding the fine filamentary wire of the

filament terminal in the terminal supporting part <

8 the filament ends are thereby firmiy anchored
to the terminal supporting part 9 against un-
ravelling or dislodgment ‘and the flattened side
or sides {0 where the:filament is embedded af-

ford -a line contact with the lead arm 7’ for =

firmly welding the terminais to the lead wires.
As illustrated in Fig. 3 the filament unit and the
cathode 2 are preferably assembled with the fila-
ment terminal support 6 extending up into the

cathode a short distance as, for example, a dis- *

tance of from 1 to 2 millimeters.

The filamentary unit -and cathode assembly
have the advantages, among others, of having
a rigid terminal supporting and welding part 9
with the filament turns embedded therein so as
to prevent any tendency of the filament to be-
come dislodged or removed from the support, and
so as to present a solid piece of metal 9 to the
lead arm T’ to which it is to be welded and of

having an adjacent and integral supporting ter- h

minal part 8 about which the filament turns are
closely wound without being embedded therein to
form a sort of cushioning section for the heat-
ing or body part 5 of the filament. The support-
ing and mounting terminal part 6 of the fila-
ment end may be of any suitable length but we
have obtained satisfactory results where this
part is around 8 to 9 millimeters and the struc-
ture and assembly described render easier and
facilitate the mounting of the filament units on
the lead wires, and the assembly in the cathode
tubes 2, the filament terminal forming a rigid
integral aligning support for the filament during
this mounting and assembly operation. Anocther
advantage of this filament unit is that there is
no appreciable tendency for the coating mate-
rial with which the filament body parts § are
treated to seep along the terminal € to the weld-
ing part § and there to interfere with the weld-
ing and the forming of a good electrical con-
nection with the lead arm 1’, which often hap-
pens in the conventional practice where the fila-
ment terminals are not provided with an internal
support about which a part of the filament is
closely wound and a part of The filament is em-~
bedded, as shown and described above. In the
embodiment of Fig. 7 the terminal supporting
and mounting part 6 is provided with a slightly
elongated reduced in diameter portion or tapered
end 8’ and with this structure a substantially re-
duced tube loss is obtained as compared with
the conventional practice. It is believed that
this reduction in tube loss is due in part to the
seepage of coating material on the under sides

4

of the coils of the filament 5 adjacent and along

the tapered portion 8’ which tends to strengthen

the coatings applied to the part of the coil 5 in

that region where the filament 5 tends to form
. bends and in part to the tendency to form a more
gradual beng at the tapered or reduced end bub
we do not desire to be restricted to any theory
of functioning in this respect.

The method of manufacturing the filament ele-
ments 5, 6 is diagrammatically illustrated in Figs.
8 to 10. A filamentary wire 15 is closely coiled
and wound about a metallic wire core {8 from a
wire carrying reel 1T somewhat in the conven-
tional manner of forming coil filaments of less
fine wire. This step is illustrated at A, Fig. 8.
With the filamentary wire 15 thus wound in
closely formed coils and closely about the surface
of the wire core or mandrel {16 suitable lengths
of this combined filamentary coil and core wire
16 are severed as indicated at B in Fig. 8. The
terminal supports. for the filamentary part of the
filament are formed out of the core or mandrel
wire 16 and before or after the severing of the
lengths 8, either at one or both ends, simultane-
ously, the ends of the lengths 18 formed or to be
formed are flattened and the filamentary wires
are embedded in the flat sides of the mandrel thus
flattened to form the.flat sided welding parts 9
of the terminals. This may be done on any suit-
able hand or machine press, omitted for con-
venience in illustration. In the parficular em-
bodiment shown, the lengths 18 are severed at
both ends and then flattened and the wires
embedded. .

35 With the ends of the lengths 18 thus flattened,
with the filamentary wire 15 at the ends of the
lengths embedded in the flat sides of the fiat por-
tion § the lengths {8 are subjected to a suitable
acid bath to dissolve out the mandrel 1§ within
the main heating portion 5 of the filament, and
the supporting and reinforcing terminals 6 above
described are at the same time formed. In the
particular embodiment shown the filament. por-
tion 5 as described above is formed into two sub-
45 stantially parallel branches with the terminals

& welded to the adjacent lead wire supporting

arms T’ as described above, and the next step D

of Fig. 8 is the formation of the lengths 18 into

a Vv 18’. With the lengths (8’ thus formed the legs
50 of the V are subjected to a suitable acid bath to

dissolve out the core wire {6, leaving the heating

filament portion § without any core, but leaving

a flattened portion.9 of the core wire and the

portions 8, 8’ untouched or unaffected by the acid
55 bath. This operation is effected as shown dia-

grammatically in Fig. 9 by providing any suitable
support 20 for a multiple number of the lengths
18’ with the support or supports 20 engaging or
gripping the flattened ends 9 of the lengths. With
80 the lengths 18’ thus supported the supwnort or
supports 20 are lowered into an acid bath 2{ and
the legs of the V lengths 18" are maintained in
the bath 21 until the mandrel 16 of the legs of
the V’s is completely dissolved out except for the
85 ends 6 above described consisting of the flattened

parts 9 and the part 8.

If it is desired to reduce the diameter of the
inner ends of the parts 8 of the terminals to
form the reduced diameter part 8'- of Fig. 7T,

70 the supports or carriers 20 are first lowered to a
depth sufficient to form the terminal portions §
of the desired length by wholly dissolving out
the intermediate part of the core wire 16. . The
supports or carriers 20 are then lowered slightly,

75 as indicated in dotted lines in Fig. 9, to dissolve

10



2,482,826

-~ 5

. off a.part of the periphery of the inner ends-.of
the terminal portions 8 thereof to form an inner
supportmg part or parts at the exfreme end of the
‘portions 8, which parts are of substantially less

" diameter than the diameter of the coils of the fila-
ment 5. We have roughly indicated in Fig. 7 the
generally tapered shape of such extreme end por-
tions 8’ which preferably extend in the mounted
position a short distance into the lower .end of

_ the cathode 2, as shown in Fig. 7.

With the supportmg terminals 6 thus formed
the ‘holder or .support 20 and filament . units
carried thereby are withdrawn and washed, if
desired, in hot water or some cleansing fluid.
After ‘drying the filament heating portion 5§ is
coated in any suitable manner by any desired
“coating material of the conventional practice to
insulate the coils of the filament from each other
and against short circuiting contact with the
cathode 2 against the interior of which the fila-
ment branches or legs rest for support.
may be effected by utilizing the same holder
or supports 20 for dipping the V filaments in a
cataphoretic bath for coating and accordingly
after that portion of the mandrel or core 16 be-
tween the terminal supports 6 is dissolved, the
holder and the filament are withdrawn and
washed and the filaments dipped in the cata-
phoretic bath, as shown in Fig. 10, the bath being
diagrammatically indicated at 22.

The filament units thus completed, the fila-
ments are ready for mounting upon the lead wires
1, 77 and assembly into the cathode 2. The tend-
ency of the insulating coating material to seep
along the filament terminals and there interfere
with the forming of a secure weld and electrical
‘connection with the leads 7, T’ is minimized or
-entirely avoided by reason of the particular struc-
ture of the supporting terminals 6 wherein the
filamentary wire coils are bound about or closely
formed about the periphery of the supports with
no free spaces on the interior of the coil at the
terminals to induce such seepage.
terminals -6 are provided with the ends 8 of
reduced diameter as compared with the inner

diameter- of the filamentary coils, the coating:-

‘material seeps along the turns of the coils about
the reduced portion 8’ to form a reinforcement
-of the coating against chipping at this point where

the sharper bends of the non-self-supporting fila-~ ¢

This

o 6
filament .-coils: as, for example, in_a hydrogen
atmosphere furhace. The core or. mandrel wire

. 16 may be of any.suitaple character so long as

;the .portions intermediate the terminals 6 ‘may

be readily dissolved without at the same time
impairing the ﬁlamentary coil. It may for ex-
ample be of brass, iron or molybdenur. The

“particular acid bath depends on the character

. of the mandrel or core i6 and when molybdenum

10

is used a bath of nitric and sulfuric acid may be

used to dissolve it -out. In dissolving the core

or mandrel as illustrated in Fig. 9, the level of
the bath should be kept fixed so that with a fixed

.. support or holdel 20 only the part of the mandrel

15

or- core between the terminal supports 6 is af-

_fected and while the temperature of the. dis-

solving bath may vary with different materials

S of mandreis .or cores, with a molybdenum man-
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ment are likely to occur and in the coating step -

the filament may be dipped to a point above the
tip of the reduced portion 8’ of the support, or to
‘a depth coextensive with the length of this reduced
portion 8’. The flattened and filament embedded

ends' 9 of the filament units prevent any tend--

ency of the filament coils to ravel, creep or become
dislodged, and also forms easily weldable ends
for welding to the lead wires 71, 1/, while the turns
of the closely wound filament about the portions.

55

60

& form cushioning means between the portions °

of the filaments embedded and rigidly fastened
to the parts 9 on the one hand, and the heating
or body part 5 of the filament. The part 8 also

performs an alining function for assisting the.

operator in assembly with the cathode-2 while

the reduced diameter or tapered part 8" of the
support imparts the advantages above set forth.
The filament lengths or forms 8’ may be

cleaned in any-conventional manner before dis-

solving the mandrel or core 16 out of the lengths'

as, for ‘example, by subjecting them to caustic
or some - other  conventional ¢leaning means.

After such cleaning the filament lengths or forms -

18’ may be fired at high temperature to set the

75

drel we have found that a bath kept at about
40° C is hot enough to give a practical rate .of

‘solution. One or more of the steps of our method

above described may, if desired, be performed

automatically. or semi- automatlcally by machine

operations and the method facilitates machine
operations. For example, the operations A, B,

Cand D of Fig. 8 may, if desired, be wholly auto-

matically perfornmied on machines either in the
xact order of steps A, B, C and D or with a differ-
ent sequence. It is deemed unnecessary to illus-
trate apparatus for carrying out these machme
operauons
In the partlcular embodlment shown in Flg 1

“the invention is. 111ustrated as_being embodied

in that type of radio tube Where two heating
filament units 5, 6 are connected in series across
ordlnary ‘house -voltage . lines from 110 to 120
Vo7ts w1th each heating filament therefor con-
suming roughly 55 .to 60 volts, but ‘one of these
identical units together with. its - cathode 2 is

“omitted from the drawings for convenience in

illustration. It is understood, however, that the

-invention :is not limited to filament. structures
-of any particular voltage limit and an important

advanuage of our. invention is that within prac-
tical limits there is no limit to the fineness of
the ﬁlamentary wire that can be processed ac-
cording  to this invention to form the highly

‘improved  filamentary units of the above de-

seribed structure and accordingly the invention
is particularly adapted to the production of

‘higher voltage filamenis than the 50 odd volts of
.the filament mentioned above. By the structures

and practice above described the loss in waste

.or discarded material is minimized and the fila-

ment st1uctures have the advantages above set

“forth.

For convenience in 1llustrat1on the coils of the
wire I5 are omitted from certain parts of the
mandrel {8 as shown in Figs. 8 and 9 and also
from certain parts ‘of the terminals 6. as shown
in Figs. 4 and 7, and in these and other figures
of the drawings the spacing -of the filamentary
coils fxom ‘éach other is exaggerated for con-
venience in illustration.

We claim:’

1. A cathode heatmg filament assembly for
thermionic tubes. comprising an elongated fila-

mentary coiled heated element and & hollow

cathode into which the coiled filament extends,
said filament having mounting terminals formed
of cores disposed in the end sections of the coil
filament with the core having a cross sectional
area approxnnatmg the cross: sectional area’ of
the interior of the filameént coils and with ‘the
outer ends of the cores ﬂattened on two s1des
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*.and the filamentary turns embedded in-the- flat-
- tened surfaces.

2..A ‘eathode heating  filament assembly for

thermionic tubes -comprising an- elongated fila-

cmentary- coiled-heating element and a hollow
- cathode- into-which the-coiled filament extends,

said filament having mounting terminals formed
.of .cores disposed in the end sections of -the coil

. filament - with the core having a -cross sectional

. ‘area approximating the cross sectional area of

the interior:of the filament coils with the outer
ends of the cores having filament turns embedded

.-in the surface thereof on one side.
3. A cathode heating  filament assembly for

~thermionic tubes -comprising an elongated-fila--

mentary coiled heating eiement and a hollow
cathode into which the coiled filament extends,
said filament having mounting terminals formed
of cores disposed in the end sections of the coil

filament -with the core having a cross sectionalgg

area approximating the cross sectional-area of
the interior of the filament coils and with the
outer ends of the cores flattened on two sides

and the filamentary turns embedded in the

.flattened surfaces, one end of the hollow cathode~g5

- projecting down to a point in the vicinity of the
inner ends of the cores.
4. A- cathode heating  filament -assembly  for

- thermionic tubes comprising an elongated fila-

. mentary - coiled- heating element and a- hollow" 5y

cathode into which the coiled filament extends,
.said filament having -mounting terminals formed
of -cores disposed in the end sections of the coil

filament with the core having a cross sectional
.area approximating- the cross sectional area of 53

the interior of the filament coils with the outer
ends of the cores having filament turns em-
hedded in the surface thereof on one side, one

end of the-hollow cathode projecting down to.

a point in the vicinity of the inner ends of the 4y

core.
5..An elongated non self-supporting coiled
filamentary cathode heater for thermionic fubes

‘having one end thereof formed into a mounting _

terminal with a core disposed therein having a

cross sectional area approximating the cross sec-
tional area of the interior of the filamentary coils
with the outer end of the core having portions of
the filament turhs- embedded in the surface
thereof.

6. An -elongated non self-supporting -coiled
filamentary cathode heater for thermionic tubes
having one end thereof formed into a mounting
terminal with a core disposed therein having a

-eross - sectional area approximating the cross 55

sectional area of the interior of the filamentary
coils with the outer end of-the core having por-
tions of the filament turns embedded in the sur-
face thereof and an adjacent portion having the

-filament turns closely wound thereabout but not g

embedded.

7. An elongated non self-supporting coiled
filamentary cathode heater for thermionic tubes
having one end thereof formed into & mounting

terminal with a core disposed therein having a g5

cross sectional area approximating the cross sec-
tional area of the interior of the filamentary
coils with the outer end of the core flattened on
‘one side and the filament turns embedded in the
flattened surface.

8.. A cathode heating filament. assembly com-
prising an elongated non self-supporting coiled
cathode.heating filament.having a core disposed

8.

?’a less d1amete1 as compared Wxth an adJacent
‘portlon thereof and g hollow cathode into which
- the-filament extends with the inner- end of the

core dlspos_ed at- the entrance to said  hollow

cathode.

‘9. A cath;)de heatmg ﬁlament assembly com-

. prising an elongated coiled filamentary. cathode
‘heating element having disposed in the end
~thereof,” a- core whose cross sectional area ap-
proaches the cross sectional area of the interior

of ‘the coils with certain of the coils rigidly fas-

- tened to the core and the inner end_of said core
‘being reduced in ‘diameter to provide. clearance

between the coils and the reduced diameter part

5. and a hollow cathode into.which the filament ex-
" tends with the .inner end of .the core disposed at

the entrance to.said hollow cathode.

10, A coiled cathode filamentary heating -fila-
ment for thermiohic” tubes having a mounting
terminal formed.of a core. disposed in the end
of the filament and having a cross-sectional area
approaching in’ dimensions the cross sectional
area of the.interior. of the coil, said core. being
flattened at its outer end with the turns of the
filament embedded in the flattened sides thereof
and the inner end of said core being tapered.

211, A .coiled, filamentary electrical conductor

_hayving a-mounting terminal comprising a rigid

core disposed within. the.end. coils at one end
and having a -cross sectional area . approximately
equal to:the c¢ross sectional area-of the interior
of the .filamentary. coils with the.outer. end of
the core flattened and the filaméntary conductor

embedded in the flattened. sides.

12. A coiled,” filamentary -electrical conductor
having a mounting -terininal-comprising a rigid
core. disposed within, the end .coils.at. one- end

.and. having a cross sectional area .approximately

equal to the.cross. sectional.area-of the interior
of .the filamentary coils with the turns of .the
coils.at the outer.end of the core.partially em-
bedded -in- the .surface .of the core.

13. A coiled, filamentary electrical non self-
supporting conductor having a mounting .termi-
nal comprising.a rigid core.disposed. within the
end . coils and having a cross sectional area ap-
proximately equal fo.the cross sectional ares
of the interior. of the filamentary coils with the
outer end of the core.flatiened. and the filamen-

0 tary.wire embedded in the flattened. sides.

- 14. A coiled, filamentary,.electrical non self-

:supporting. conductor having -a. mounting ter-
-minal comprising . a rigid -core: disposed within
the end coils.and having a- cross -sectional arca

approximately equal :to. the .cross sectional area
of .the interior of.the ﬁlamentary coils-with the
turns of the coils.at the extreme-end embedded

.in the surface. of the core.

-15. A thermionic. tube -embodying a- cathode

‘heating element.assembly comprising an elon-

gated filamentary coiled heating element and a

hollow cathode into which the.coiled filament ex-
tends, said filament. having mounting terminals
formed-of cores disposed in the-end .sections of

the coil -filament. with. the .core having a cross
sectional area approximating the-cross sectional
areg of the interior of the fillament coils and with
the outer ends of the cores flattened on two sides
and the filamentary turns embedded in the flat-

70 tened. surfaces.

in.the end. of the coiled filament and fastened - ,
thereto with the inner end of the cor¢ heing of 75 element disposed in said hollow cathode, said

16. A cathode-heating filament assembly for
thermionic: -tubes comprising an elongated hol-
low -cathode for the reception of a heating fila-

ment. and an elongated filamentary coil heating
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filamentary element being non-self-supporting,
said filament having mounting terminals formed
of cores disposed in the end sections of the coil
filament with the core having a cross-sectional
area approximating the cross-sectional area of
the interior of the filament coils and with the
outer ends of the cores having filament turns
which are in part embedded in the surface there-
of.

heating element assembly comprising an elon-
gated non self-supporting coil cathode heating
filament having a core disposed in the end of
the coil filament and fastened thereto with the
inner end of the core being of a less diameter
as compared with an adjacent portion thereof
and a hollow cathode into which the filament
extends with the inner end of the core disposed
at the entrance to the hollow cathode.

18. A thermionic tube embodying a cathode
heating element assembly comprising an elon-

2

17. A thermionic tube embodying a cathode 10

15

10

gated coiled cathode heating filament having a
core disposed in the end of the coil filament and
fastened thereto with the inner end of the core
being of a less diameter as compared with an ad-
jacent portion thereof and a hollow cathode into
which the filament extends with the inner end
of the core disposed at the entrance to the hollow
cathode.
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