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This invention is concerned with methods for 
forming ?lamentary materials into selected pat 
terns or shapes and is particularly related to an 
improved method of producing spirally wound 
?laments for electronic apparatus which are 
capable of maintaining their original size, shape 

_ and spacing between turns under actual condi 
tions of use, including heating to normal tem 
peratures of emission. 
Prior art coils, grids and ?laments have been 

characterized by two major defects, namely lack 
of uniform spacing between turns, and distortion 
from the desired size and shape when electric 
current is caused to ?ow through them. These 
.defects of presently known ?laments have made 
it extremely di?icult to obtain uniform electron 
emission over the face of the ?lament, and to 
produce electronic tubes having the desired uni 
formity of performance. a 
While the present invention is aimed at over 

coming the above described problems oi’ the'elec 
tron tube manufacturing art it is also intended to 
facilitate the manufacture of precision coils, pre 
cision springs and similar forms from materials 
of many kinds where uniformity of spacing and 
permanence of shape are among the requirements 
to be met by a satisfactory ?nished product. 
With the previously used methods of manu 

facturing spiral tungsten ?laments, for example, 
it has been customary to wind the ?lament on a 

; steep conically shaped mold having a special 
groove on its surface into which the ?lament is 
guided as it is wound. The ?lament is usually 
heated while still on the mold and when re 
moved from the mold naturally retains a conical 
shape. In an attempt to change the conically 
shaped coil to a ?at spiral coil, the ?lament is 
compressed between two ?at molybdenum plates 
and ?red at high heat to remove the bending 
stresses from the tungsten and force it to take 
a permanently ?at set. The major defect of this 
method is that the bending stresses in the highly 
elastic tungsten wire are not entirely removed 
and the residual stresses which remain within the 
?lament cause it to resume a semi-conical or > 
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The above described-winding method has the 
' further disadvantage that the spacing‘ between 
turns of the ?laments loses its uniformity during ' 
the process of transferring the coils from: the 
conical mold to the ?at molybdenum pressing 
plates since during this step the ?lamentary coil 
.is not held against movement caused either by 
internal stress, handling. or misalignment of 
process equipment. There also exists the further 
drawback that any desired change in the.’ spacing 
between turns of the ?lament requires‘the con’ 
struction of anew forming mold or jig. . - 

If an attempt is made to wind the tungsten 
wire into a ?at spiral precision coil without prop 
erly guiding and supporting the wire duringthe 
process, the wires which are usually circular in 
cross section will not hold the proper alignment 

' but will roll and slip over one anothercausing 
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otherwise distorted shape when installed as the ‘ 
cathode of an electron tube and heated to normal 
emission temperatures. In order to remove all 
distorting stresses from tungsten, for example, 
it would be necessary to heat the wire to approxi 
mately 1200" C. but when heated to this high 
temperature and then allowed to cool it would 
cease to be ?exible, becoming instead very brittle 
‘and therefore easily destructible. 

the spiral either to collapse or to become greatly 
distorted. V ' ' 

From the point of view 01' the tube manufac 
turer it is highly desirable to be able to construct 
a ?at coiled ?lament which will remain free of 
distortion during actual operation, in order to 
prevent variation in tube characteristics result 
ing from change in shape of the electron source. 
An ideal spirally wound ?lament complies with 

the following major requirements: _ ' 

(a) The turns must all lie in the same plane. 
(b) The spacing between turns must be uni 

form. - - ‘ . 

(c) The coil must be of the correct size. 
(d) It must have a form which-is easy to manu 

facture. ' . , ' 

(e) It must be readily duplicable. ‘ 
(f) It must be protected against damage dur- ‘ 

ing manufacture. (g) It must hold the 
permanently. . 

(h) It must be suitable for manufacture in a 
variety of sizes. ' ' 

correct size: and 

The present novel forming method makes posi- 1 
sible a high degree of success in meeting the above 
requirements in the actual manufacture of ?la 
mentary coils and grids of various types. , 
One object of the invention is to provide an 

. easily performed method of winding uniform, ac‘ 

60 
curately ‘sized, electron tube ?laments or oath: 
odes. 
Another and important object of this inven 

tion is to ‘provide a method of manufacturing 
coils or other selected shapes from relatively 
elastic ?lamentary and other slender substances 
such that the residual distorting stresses remain; 
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ing within the material at the end of the process 
will be as small as it is possible to make them. 

It is a further object of this invention to pro 
vide a method of bending ?laments and slender 
material into ?at shapes in which the residual 
stresses unavoidably left in the ?laments are of 
such a nature that any unwinding or movement 
caused thereby will occur only in the plane of 
the ?at coil or shape. 

It is also an object of this invention to provide 
a winding or forming method for use with ?la 
mentary substances which will provide complete 
protection of the processed material from nick 
ing or other damage during the winding thereof. 
A further object of the invention is to pro 

vide a method and apparatus for shaping ?la 
mentary materials which is readily adaptable to 
the production of coils or forms of different 
sizes and shapes. 

It is likewise an object of the invention to pro 
vide a method of manufacture broadly appli 
cable in accurately and permanently bending 
elastic ?lamentary and elongated thin sub 
stances of many kinds into a wide variety of 
forms and shapes. 

Referring now to the drawing wherein for il 
lustrative purposes the method of the invention 
is shown applied to the formation of ?at spiral 
?laments: 

Fig. 1 is an isometric view of a tungsten or 
other ?lament extending through a tube of 
metal or other readily bendable substance. 

Fig. 2 is an isometric view of the tube and 
?lament after the tube has been rolled ?at on 
two opposite sides. 

Fig. 3 is a plan view of the tube and inclosed 
?lament in the process of being formed on a 
winding jig or forming machine. 

Fig. 4 is a cross section of the partly wound 
coil taken along the line 4-4 of Fig. 3. 

Fig. 5 is a plan view showing the completely 
wound coil encased in a fusible composition or 
solder and held in shape by a metallic strip bent 
and tightly crimped about the coil. 

Fig. 6 is a sectional view along line 6-6 of 
Fig. 5. 

Fig. 7 is a plan view of the ?lament in its'?nal 
form after annealing and after the surrounding 
tube and solder have been etched away. 

Fig. 8 illustrates an alternative method of 
holding the coil to size and shape during the an 
nealing and etching steps. 
While the invention has been used with par 

ticular success in forming tungsten ?laments 
with the aid of medium-hard-drawn copper tub 
ing and will therefore be described primarily 
against the background of this speci?c applica 
tion, it should be understood that the invention 
is primarily in a method that may be employed 
for forming a wide variety of substances into 
many different shapes and patterns. Flexible 
plastic materials for example, could be shaped to 
desired patterns by the method of this invention. 
In place of tungsten any other suitable slen 

der and ?lamentary substance, either elastic or 
non-elastic, may be used provided the substance 

' is ?exible and can be readily bent. In place of 
copper, the tube may be composed of other ma 
terials, metallic or non-metallic, provided they 
have suf?cient strength to bend the inclosed ?la 
ment, are themselves sufficiently ?exible to per— 
mit bending into the desired shapes and will 
Withstand the annealing temperatures which 
must be used with the chosen ?lamentary ma 
terial. The material used for the tube also 

4 a 
should be such as can be removed from the com 
pleted coil without damage to the ?lament it 
self as by corrosive chemical action or ‘other 
wise. 
The formation of a ?at spiral ?lament or 

heater coil from tungsten wire provides a typi 
cal illustration of the use of the method of this 
invention. For this purpose the method of the 
invention is carried out in the following man 
ner. 
A piece of copper tubing or conduit of a length 

determined by the size of the ?lament which it 
is desired to produce is selected along with a. 
piece of tungsten wire, the tungsten wire being 
about an inch longer than the tubing, and the 
inside diameter of the tubing preferably being 

. just large enough to permit the tungsten wire 
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to be passed through it. The tungsten wire I5 
is inserted within the copper tubing [6 with the 
ends projecting beyond the tubing by equal 
amounts as shown in Fig. 1. One purpose of 
the copper tube is to provide a protective spac 
ing sheath about the tungsten wire. It is ob 
vious therefore that with proper facilities for 
producing uniform layers the copper sheath may 
be electrolytically plated upon the tungsten wire 
as the preliminary step of the process. 
Next the copper tubing or sheath is rolled " 

or compressed to produce two ?at surfaces on 
opposite sides thereof as shown in Fig. 2, this 
procedure producing two surfaces which are suit 
able for rolling or winding one upon the other. 
Obviously if square or rectangular copper duct 
of a size proper to accommodate the tungsten 
wire is available for use, the rolling process above 
mentioned may be dispensed with. To a certain 
extent the spacing between the turns of the 
completed ?lament can be varied by controlling 
the extent of the rolling to which the copper 
tubing is subjected, more closely spaced turns 
being obtained if the copper tubing is rolled rela 
tively thin. Where wider spacing between turns 
of the cathode is desired than can be obtained 
by controlling the rolling procedure in the man 
ner described it becomes necessary to start with 
tubing having a greater wall thickness initially. 

If the copper tubing is su?lciently ?exible to 
bend readily it may now be placed in a winding 
jig for forming to the desired shape. However 
if the tubing is too stiff to bend easily it must be 
annealed before forming and this annealing 
should preferably be done in a hydrogen furnace 
to avoid oxidation. Unless the tubing and the 
inclosed wire can be bent readily the forming 

» apparatus may not be able to withstand the 
strains occasioned by the bending; and breakage 
or failure of this apparatus will occur frequently. 
Having annealed the copper tube, if necessary, 

we may now place the tube and the inclosed 
?lament on a winding or forming jig or mold, 
shown in Fig. 3 as a winding table II having two 
tube-holding pins 18 and I9, this apparatus being 
suitable for forming a ?at spiral non-inductive 
coil when the copper tubing is wound upon it, ?at 
side to ?at side, as illustrated. The winding jig 
is so constructed that the distance between pins 
l8 and [9 may be adjusted to meet the varying 
space requirements of coils having diilerent spac 
ing between turns. As the coil is wound the 
turns are forced and held tightly against one an 
other by restraining the free ends of the tubing. 
The winding is continued until the entire tube 
and ?lament except short portions at the ends 
suitable for terminal projections have been 
brought within the spiral to form a heater ele 



meat of the desired size. The disposition of the 
tubing and the tungsten wire at this stage of the 
process is‘shown in Fig. 4 where the function of 
the tubing in controlling the spacing between the 
turns of the coil is clearly apparent. 
{with an elastic substance like tungsten being 

formed it "is desirable to hold the coil temporarily 
but securely in its present form while it is being 
removed from the winding Jig. given its ?nal 
annealing, and immersed in ‘a corrosive chemical ' 
solution for etching away the sheath. , 
I'--" While the coil is still on the forming Jig molten 
solder or a similar fusible alloy or composition is 
deposited on the coil and allowed to solidify into 
a temporary protective casing around the same. 
In Fig.3 this protective casing 20 is shown on the 
right hand portion of the coil. Thus encased in 
solder the coil may be removed from the wind 
ing jig and immediately placed upon a sheet of 
nickel‘ or other suitable heat-resistive‘ material 
which is rigid enough to ?rmly hold the coil 
during subsequent annealing operations. The 
hickel sheet 2! is then bent tightly up around the 

‘ coil in its final form and shape and the corners 
2i" are then tightly crimped over the adjacent 
turns of- the coil or grid to hold it securely against 
unwinding and to help protect it from damage 
by nicking or abrading. The condition of the 
coil at this stage of the process is shown in Figs. 
5 and 6. Pure indium has been successfully used 
asthe fusible alloy in the above described step of 
the process and may be preferable since it does 
not damage a hydrogen furnace and readily de 
composes w'ith the copper sheath when exposed to 
nitric acid. , 
_ If preferred, the use of solder in the manner 
above described may be avoided by the adoption 
of the following alternative procedure. Nickel 
sheet or strip 2! may be provided with two holes 
large enough for pins l8 and IQ of the ‘winding 
I-jifg' to pass through. Strip 2| may thus be placed 
flat on the table of winding jig I‘! with the coil 
thereafter being wound on top of strip 2!, the 
edges of which may then be crimped over the coil 
in the manner previously described upon comple 
tion of the winding and before removing the coil 
from the winding jig. 
In forming a coil from tungsten or other elas 

tic material it becomes necessary at this stage 
of the process to subject the coil to a second and 
?nal annealing to the end that bending stresses 
created in the winding of the coil and which 
would result in deformation thereof if not elim 
inated may be reduced to the lowest practical 
magnitude before removing the copper ‘tubing 
and the nickel holding strip. At this point then 
the coil and its supporting strip are placed in a 
hydrogen annealing furnace and subjected to 
full annealing temperature for 10 minutes or 
longer. The heat of the furnace naturally dis 
integrates the solder or fusible alloy in which the 
coil is encased during the annealing process. 
However the nickel strip which was crimped 
about the coil in the manner shown in Fig. 5 will 
continue to hold the coil against radial expansion 
during annealing, even after the solder has vapor 
ized and the coil has been removed from the 
annealing furnace. 
The ?nal step in carrying out the method of the 

invention consists of removing the copper tube 
or sheathing and the holding strip which sur 
round the tungsten wire, leaving the ?nished 
?lament free and unencumbered by any sup 
porting structures or substances. One method 
by which this ?nal step may be accomplished is 

to subject the coil to the action of some 
chemical agent, nitric acid for example, which 

. will etch away or disintegrate the copper tubing 
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and any of the soldering compound which may 
still be adhering to the coil, without a?ecting the 
tungsten or other ?lamentary material being 
shaped. As the copper tubing is disintegrated by 
the selectedchemical agent the nickel holding or 
supporting strip will become loosened from the 
coil and may be removed to be set aside for use 
in forming further coilsby the method of the 
invention. . 

The completed coil in its ?nal form after the 
removal of the copper tubing and the temporary 
supporting means is shown in Fig. 7 with the 
uniform spacing 24' between turns clearly 
evident. ‘ ' 

Fig. 8 shows an alternative method of sup 
porting the coil during the annealing and etch 
ing steps of the process. A rigid bar or support, 
spot welded or brazed to the copper vtubing after 
formation of the coil, is substituted for the solder 
ing compound and the nickel crimping strip 
specified in the method as originally described. 
This supporting bar may be readily removed from 
the coil after the copper has been etched away 
or if preferred the bar itself may be removed by 
chemical corrosion. 

It is of course obvious that if the ?lamentary 
material being shaped to size and pattern is non 
elastic, a ?exible plastic material for‘ example, _ 
the second annealing step mentioned in the above 
described procedure would be unnecessary and 
could therefore be dispensed with. If the method 
of the invention were being employed to produce 
springs or similar resilient forms the second an‘ 
nealing step might also .be eliminated from the 
forming process. ' 

In forming coiled ?laments from elastic ma 
terials similar to tungsten it is not desirable to 
remove all elasticity from the coil by annealing 
it completely as this would render the coil brittle 
and unworkable. One of the advantages of this 
invention is that the coil or form is shaped or 
bent in the same plane in which it is later to be 
used so that unwinding or relief of the small 
residual stresses still remaining in the coil at the 
completion of the forming process takes place 
in the plane of the coil and therefore does not 
materially affect the spacing between cathode 
and plate of the tube in which the ?lament is in 
stalled. In actual practice the method‘ of this 
invention has been used to produce ?laments 
having an entirely satisfactory degree of uni 
formity. ' 

As many changes could be made in the details‘ 
of the steps by whieh'the method of this inven 
tion is carried out without departing from the 
scope thereof, it is intended that all matter con 
tained in the speci?cation and claims or shown 
in the accompanying drawing be interpreted in 
an illustrative and not in a limiting sense. 
Having particularly described and illustrated 

the method of the invention and its use, what is 
claimed is as follows: 

1. A method of forming uniformly sized pre 
cision coils from relatively hard, springy ?la 
mentary material, comprising encasing a flexible 
?lament of said material in an inclosing tube 
formed with a bore closely ?tting the ?lament for 
initially straightening the same, ?attening said 
tube on at least two opposite sides, winding said 
tube and the, inclosed ?lament ?at side to ?at 
side upon a supporting surface to form a coil in 
which the adjacent turns of the ?lament are 
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equally and accurately spaced and supported .by 
the ?attened walls of the tube, temporarily sup 
porting said coil by encasing it in a fusible 
composition, surrounding said coil with a sti? 
binding strip, applying heat to the tube to anneal 
the enclosed ?lament and thereafter removing 
said inclosing tube, binding strip and said fusible 
composition by immersion in an etching bath to 
which said ?lament is impervious to leave a uni 
formly spaced coil consisting only of the original 
?lamentary material. 

2. A forming method as claimed in claim 1 
in which indium , employed as the fusible com 
position. 

3. A method of forming hard, resilient ?laq 
mentary material according to selected patterns 
having uniform spacing between adjacent ele 
ments thereof, comprising encasing a ?lament 
of said material in an inclosing tube, ?attening 
said tube on at least two opposite sides, anneal 
ing said tube and inclosed ?lament, forming said 
tube and inclosed ?lament into the shape of the 
selected pattern by bending said tube and in 
closed ?lament ?at side to ?at side upon a sup 
porting surface, temporarily binding said form by 
encasing it in a fusible composition, surround 
ing said form with a stiff band, annealing said 
?lament and said inclosing tube, and removing 
said inclosing tube and said fusible composition 
by immersion in a solution corrosive only to 
said tube, composition and said band to leave a 
uniformly spaced ?lamentary form composed 
only of the original ?lamentary material. 

4. A method of forming precision-coiled elec 
tron tube ?laments having uniformly spaced 
turns from tungsten wire, comprising thrusting a 
strand of said wire into a soft metal tube, ?at 
tening said tube on at least two opposite sides, 
winding said tube and the inclosed strand ?at 
side to ?at side to form a coil, temporarily sup 
porting said coil by encasing it in a fusible alloy 
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and reinforcing it with a binding strip, annealing 
said coil and the enclomd tungsten wire, and 
disintegrating said metal tube and said fusible 
alloy to leave a uniformly spaced ?at tungsten 
?lament the binding strip being readily detach 
able after the partial disintegration of the bind 
ing strip. . - 

5. ‘A method of producing uniformly sized 
tungsten wire coils having uniformly spaced 
turns, comprising encasing a ?lament of tungsten 
within a copper sheath, ?attening said sheath 
on two opposite sides, annealing said sheath in 
an atmosphere of hydrogen, winding said sheath 
and the inclosed tungsten ?lament ?at side to 
?at side to form a ?at spiral coil, reinforcing said 
soil by encasing it in indium, temporarily bind 
ing said coil by crimping a nickel strip around it; 
annealing sad ?lament and said inclosing sheath" 
in an atmosphere of hydrogen, and disintegrst~ 
ing said encasing sheath and said reinforcing 
indium by exposing said coil to the corrosive' 
action of nitric acid thus producing a uniformly 
spaced ?at spiral ?lament composed only of 
tungsten the nickel strip being loosened with 
the disintegration of the encasing sheath, per-' 
mitting the same to be removed easily during the 
disintegration process. 

SIGURD F. VARIAN. 
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