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2 Claims.

This invention relates to 2 method of and ap-
paratus for making articles, and more particu-
larly to a method of and a device for making grid
electrodes for vacuum tubes.

In certain kinds of apparatus dependent upon
electron streams, a grid electrode may be used
comprising a flat helix of metal wire supported
upon itwo or more substantially rigid wires or
posts each lying along a generatrix or element
of the cylindrical surface which is enveloped by
the helix. In some such instances a filament is
positioned within the helix, comprising a wire
extending in one or more flat loops or coils ori-
ented in a plane substantially parallel to and be-
tween the flat sides of the helix. The filament
itself, thus formed and disposed, is Substantially
flat and occupies a portion of space of substan-
tially uniform thickness, but the members used
to support the filament between and yet out of
contact with the wires of the grid, must gener-
ally be thicker and so will tend to approach the
grid more closely than the filament proper.

An object of the present invention is to pro-
vide a method and apparatus for making a grid,
which shall afford sufficient space for other ele-
ments to be housed within the grid without
danger of accidental contact therewith or harm-
ful approach thereto.

One embodiment of the invention as a method
comprises steps of winding a strand of metal,

capable without rupture of a sufficient degree of
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elongation, about a pair of spaced, parallel, rod-
like supports in a flat helix, securing the turns
of the helix to the supports at the intersections,
forcing the supports apart to stretch and set the
coils of the helix, and simultaneously stretching
one or more ccils at one portion only of the helix

transversely of the flat helix as well as parallel
thereto.

Another embodiment of the invention as an
apparatus presents a device for stretching and
setting the coils of an electrode such as described,
the apparatus including means to support the
electrode supports in spaced parallelism, means
to force the electrode supports apart whereby to
force the helix coils of the electrode to assume
and to become set in a longer and narrower form,
and means to simultaneously prevent one or more
coils of the helix at one portion thereof only
from bhecoming narrower.

Other objects and features of the invention
will appear from the following detailed descrip-

tion of one embodiment thereof taken in connec-
flon with the accompanying drawings in which

T

(Cl. 140—71)

the same reference numerals are applied to iden-
tical parts in the several figures and in which

Fig. 1 is a broken view in side elevation of a
device for forming and setting a grid electrode:

Fig. 2 is a section on the line 2—2 of Fig,. 1;

Fig. 3 is a view similar to Fig. 2 after the
stretching operation:

I'ig. 4 is a section on the line 4—4 of Pig. 1;

Fig. o is a view similar to PFig. 4 after the
stretching operation:

Fig. 6 is a broken side view of an unstretched
grid;

Fig. T is a broken edge view of an unstretched
grid:

Fig. 8 is a broken side view of g grid after
stretching;

Fig. 9 is a broken edge view thereof:

Fig. 10 is an enlarged broken detail edge view
Of a portion of a stretched grid:

Fig. 11 is a corresponding side view thereof,
and

Fig. 12 is a broken side view of g portion of
an electron tube assembly including a grid as
shown in Figs. 8 and 9.

The principal embodiment of the invention
herein disclosed is a method of making a grid
electrode such as is disclosed in Flgs, 8, 9 and
12. The grid comprises a pair of spaced, paral-
lel, rodlike, metal supports 20 and 21, and a metal
wire 22 wound in a flat helix about the two sup-
ports. The supports and wire may be made of
any metals, pure or alloyed in any way, appropri-
ate to the subsequent intended use of the grid.
‘The wire, however, must have sufficient capacity
for elongation without rupture to endure the
stretching to which it will be subjected as here-
inafier described. In one instance, in practise,
supports of substantially pure nickel and a wire
of substantially pure molybdenum were found to
be satisfactory.

In the preliminary steps of winding the wire on
the supports, it may be found preferable to pre-
form the supports with spaced notches 23 (Figs.
10 and 11) to receive the wire, the walls of the
notches being subsequently staked down, as at
24, over the wire to clamp the latter tightly in the
supports.

The article shown in Figs. 6 and 7, has the wire
22 wound in substantially uniform flat coils on
the supports 20 and 21, the distance apart A of
the supports (Fig. 6) being somewhat less than
their intended final distance C from each other
(Fig. 8), and the width B of the coils of the helix
(Fig. 7) being somewhat greater than the in-
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To carry outf the method of the invention, a
device such as shown in Fig. 1 may be used. This
comprises a base 30 to stand on or be secured
to a bench, table or other support not shown, and
has a vertically upstanding, principal supporting
member 3i, the latter having a vertically ori-
ented guide slot 32 therein. A tapering wedge
33 lies against and is vertically slidable on the
flat front face of the member 31, and has a rear-
wardly offset rectangular guide portion 34 posi-
tioned in and guided by the slot 32. The left and
right edges 35 and 36 of the wedge 33 may pref-
erably be doubly bevelled, as indicated in Fig. 4.
The left edge 35 is guided in and supported by
the complementarily shaped right edge of a guide
plate or member 37 rigidly secured on the front
face of the support 31. A coacting guide mem-
ber 38 receives the edge 36 in its complementarily
formed left edge, and is mounted to be horizon-
tally slidable on the front face of the support
31, in a suitable housing 39 secured to the mem-
ber 31. A spring 49 is provided to press the guide
member 38 yieldingly to the left and thus to hold
the wedge 33 against the guide member 31.

A fixed grid receiving post 41 is mounted on
or formed integral with the member 371. The
convexly rounded left vertical edge of this post
has a groove 42 dimensioned to receive and sup-
port the grid support 20 (Fig. 4); and the right
vertical edge of the post is formed as a contin-
uation of the right edge of the member 37 and
receives and supports the left edge of the wedge
33. A movable grid receiving post 43 is mounted
on or formed integral with the member 38 and
its convexly rounded right vertical edge is formed
with a groove 44 dimensioned to receive and sup-
port the grid support 21 (Fig. 4). The left edge
of the post 43 is a sloping continuation of the
leit edge of the member 38 and is formed to re-
ceive the right edge of the wedge 33.

The lower porvion, 49 and 46 respectively, of
each of the posts 41 and 43 is of uniform thick-
ness irom front to back substantially equal to the
interior width B of the coils of the helix 22 as
originally wound and as shown in Figs. 6 and 7.
This thickness is maintained upwardly from the
bottom of the posts to a distance predetermined
by the number of coils of the finished grid which
are to have fhis interior dimension.

The remaining upper portions of the posts 41
and 43 are formed with outer portions 471 and
48 respectively of thickness from front to back
substantially equal to the predetermined desired
internal width D of a part of the coils of the fin-
ished grid. The remaining portions 49 and 50 of
the posts 41 and 43 are thinner than the portions
471 and 48 are substantially of like thickness with
the wedge 33.

An operating lever 5| is pivotally secured, as
at 52, on the flat front face of the member 31,
and, as at 53, to the wedge 33. An adjustable
stor 94 is provided to accurately adjustably limit
the downward motion of the outer arm of the
lever 51 and thus both the upward motion of the
wedge 33 and fthe consequent spreading of the
posts 41 and 43. The outer lever arm may be
held up by a spring 55.

It may be advantageous to subject the grid
structure shown in Figs. 6 and 7, which will be
termed a ‘“raw” grid for the purposes of this
specification, to a suifable annealing operation as
a preliminary step, e. g. the raw grid may be
heated in a reducing atmosphere such as hydro-
gen to a temperature dependent upon the mate-
rial of the grid, for the double purpose of destroy-
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ing or driving off surface contaminations and
0f reducing each part of the grid to a uniform
physical state.

With the lever §1 in the position shown in Fig.
1, 1. e. with the posts 41 and 43 at their nearest
approximation to each other, the annealed grid
is turned upside down and slipped down over the
posts 41 and 43, the grid supports 20 and 21 slid-
ing In the grooves 42 and 44, until the grid is
positioned on the posts 4f and 43 as shown in
Figs. 1,2 and 4. The parts of the device of Fig. 1
are so proportioned and arranged that the un-
stretched grid fits smoothly but not loosely into
this position on the device.

The outer arm of the lever 51 is then forced
down, preferably with smooth steady motion,
until it is stopped by the stop 58. The lever
drives the wedge 33 up and forces the member
38 and its post 43 to the right a predetermined
distance farther from the fixed member 31 and
its post 41. The coils 222 of the grid, which
embrace the post portions 45 and 46 as shown in
Fig. 4, are thus forced o assumme the form shown
in Fig. 9 in which their length has increased
from A to C while their width remains unchanged
at the value B since the post portions 45 and 46
are of thickness B. The remaining coils 122 of
the grid, embracing the post portions 471 and 48,
are also forced to increase in length from A o C,
but are simultaneously allowed to decrease in
width from B to D (Figs. 2 and 3), since the
post portions 47 and 48 are themselves of thick-
ness I,

Preferably the various dimensions involved are
So proportioned and related that the sum total
of the increase A to C and decreased B to D ef-
fects a sufficient increase in length of each half
coil embracing 4T and 48 to stress the material
of the wire 22 beyond its elastic limit. Hence
each of these coils 122, after the stretching oper-
ation will be permanently set in its new forni. At
the same time the stretching of the coils 222
which embrace the portions 45 and 48 is more
severe, since these are subjected to the same in-
crease in length while being permitted no de-
crease in width. Hence the parts of the device
of Fig. 1 are further so dimensioned that while
the coils {22 are stressed beyond the elastic limit
of the wire, the more heavily stressed coils 222
are not brought to the rupture point. In the
case of the grid now under consideration, the
molybdenum wire has an elongation between
15% and 209% while the actual stretch in the coils
122 is roughly 10% 9% and that in the coils 222 is
about 1214 %.

It may be advantageous to have the coils of
the wire 22 clamped into the supports 20 and 21
in the manner disclosed, or to have them se-

cured to the supports in some similar fashion,

especially if the preliminary annealing step be
omitted, since this forces each half coil to he
stretched uniformly with and independently of
the others, thus ensuring substantially uniform
physical condition upon the coils 122 relatively
to each other and upon the coils 222 relatively to
each other.

When the spring 55 is permitted to raise the
lever 51 again, the spring 40 will force the mem-
ber 38 and post 43 towards the member 31 and
post 41, whereupon the stretched grid can be
easily drawn upwardly off the posts. The
stretched grid then has the form and dimensions
shown in Figs. 8 and 9 as compared with those
of the unstretched or raw grid shown in Figs. 6
and 7.
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The particular grid herein disclosed is intend-
ed for use in a vacuum tube whose relevant relat-
ed parts only are shown assembled in Fig. 12.
wherein 20, 22, {22, 222 are the stretched grid,
o6 is a fillament positioned within the coils 1292
and supported on a hook 57 positioned within the
fractionally wider coils 222. and 58 is a2, plate
of sheet metal surrounding the grid and filament,
these parts being supported by a gallows-like
structure 39, 59, 60. It is the hook 51, wider of
necessity than the filament 56 which, in this
Instance, necessitates the widening of the coils
222 as compared with the coils 122.

A characterizing feature of the invention,
whether considered as a method of making an
article, or an apparatus for applying the method,
is the fact that during the process the strand
22 is stressed beyond its elastic limit so that
it is set in its final desired form since its physical
character is that of material released from ten-
sile stress above ifs elastic limit and it has no
elastic tendency to depart from its final form.

The embodiments of the invention herein dis-
closed are illustrative only and may be departed
from and modified in many ways without depart-
ing from the spirit and scope of the invention as
pointed out in and limited only by the appended
claims. ,

searcn Room

What is claimed is:

1. An apparatus for treating a grid electrode
comprising a metal strand formed in connected

- loops substantially equal in size secured to spaced

supporting members, which apparatus comprises
spaced elements to receive a grid electrode and
having wide portions and narrow portions, and
means to move the elements relative to each
other a sufficient distance to simultaneously
stretch the loops adjacent the wide portions with-
out decreasing their width and decrease the width
of the loops adjacent the narrow portions with-
out stretching them and continue to move the
elements to further stretch the first stretched
loops and stretch the narrowed loops beyond their
elastic limits.

3. A method of treating a grid electrode com-
prising a metal strand formed in connected loops
substantially equal in size secured to spaced Sup-

porting members, which method comprises tha .

steps of stretching certain of the loops without,
decreasing their width, simultaneously therewith
narrowing the width of the other loops, and sub-
sequently continuing the stretching of the first
stretched loops and stretching the narrowed Ioops
until all the loops are stretched beyond their
elastic limits.
VIRGIL D. BARKER.
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