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tion of Delaware 

Filed Apr. 30, 1963, Ser. No. 276,881 
1 Claim. (Cl. 333-31) 

This invention relates to traveling wave tubes and more 
particularly to rod mounted helix bundle for such a tube. 
The helix of a traveling wave tube provides a delay 

circuit by which the forward velocity of a propagating 
radio frequency signal becomes synchronized with an ad 
jacently located electron beam. The electric ?eld of the 
signal interacts with the slow space charge mode of the 
beam in a manner well understood in the art to produce 
ampli?cation of the signal. 

In order to achieve maximum effective interaction be 
tween the electron beam and the radio frequency signal 
on the helix, accurate axial alignment of the helix and 
the electron gun is required. Ideally, the electrons should 
?ow as closely as possible to the helix for its entire length 
without interception. 
One aspect of the alignment problem is supporting the 

helix in such a manner that its axis is ‘a straight line. One 
of the present techniques for so supporting a helix utilizes 
a so-called bundle consisting of a plurality of ceramic 
rods, usually three, within which the helix is supported, 
and several axially spaced sleeves or bands disposed tight 
ly around the rods. Each sleeve is assembled about the 
rods by radially squeezing the sleeve so as to elastically 
deform it into a triangular shape when viewed axially, 
inserting the helix and rods into the sleeve, and releasing 
the sleeve so that it contracts on and binds the rods. This 
technique is more fully described in Patent No. 2,943,382, 
assigned to the assignee in this invention. 

Sleeves of this type are difficult to manufacture because I 
the sleeve wall must be su?iciently thin to permit elastic 
deformation and must have uniform thickness so as to ap 
ply equal radial forces to the helix. 
An object of the invention is the provision of a re 

producible precisely formed deformable sleeve having uni 
form wall thickness. 

Another object is the provision of precisely dimen 
sioned thin-'wall sleeves which can be produced at low 
cost and without special tools or skilled operators. 
Another requirement for these sleeves is that they have 

substantially the same rate of thermal expansion and con 
traction as the rods and helix in order that the radial 
banding forces be uniform during temperature excursions 
incident to operation of the tube. This is accomplished 
by use of the same refractory metal (tungsten or molyb 
denum) in the sleeves and helix.v However, sleeves 
formed of such refractory metals are exceedingly difficult 
to fabricate. Casting is impracticable because of the high 
melting point of such metals. Excursion of tungsten, 
molybdenum or the like is unsatisfactory because (1) the 
resultant sleeve is brittle because of inability to cold 
work the material, (2) sleeve diameters and wall thick 
nesses are not precise, and (3) forming die costs are high. 

Another object of the invention is the provision of a 
ductile refractory metal sleeve having a precisely uniform 
wall thickness and diameter. 
A further object is the production of such sleeves at 

low cost and without special apparatus or skilled op 
erators. 
A further disadvantage of prior helix bundles is that 

pockets of contaminant gases formed during the high 
temperature processing of the tube become trapped along 
the lines of contact of the rods and sleeves, and are di?i 
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cult to remove. These gases combine with other subse 
quently formed gases to cause arcing between gun elec 
trodes of the tube. 
A still further object of the invention is the provision 

of a helix bundle having sleeves that permit ready re 
moval of contaminant gases from the tube envelope. 
A still further object is the provision of a method and 

apparatus for forming a helix bundle of the type de 
scribed. 

In accordance with the invention, each of the sleeves 
which band the rods and slow-wave structure together 
in a bundle comprises a wire helix formed with adjacent 
turns in contact with each other and sealed together to 
form a cylinder. The wire is refractory metal, such as 
molybdenum, is Wound on a cylindrical mandrel and 
thereafter is coated with a metallic ?lm to bond and seal 
adjacent turns. The thickness of the wall is equal to the 
diameter of the wire and therefore is as uniform as the 
wire diameter is constant. The inside diameter of the 
sleeve is that of the mandrel and is substantially as precise. 
The spiral groove formed on the interior of the sleeve 
provides a sort of directional passageway along which gas 
generated during the outgassing cycle passes out of the 
assembled tube. Another important aspect is that the 
sleeve wall may be diametrically squeezed or deformed 
without fracturing the thin refractory metal because the 
wire comprising the wall is stressed in the proper direc 
tion for its elastic deformation. Thus a deformable thin 
wall refractory metal sleeve having precise dimensions is 
made with standard helix winding equipment. 
The invention will be more fully explained in the fol 

lowing description of a preferred embodiment, reference 
being had to the accompanying drawings in which: 
FIGURE 1 is an elevation, partially cut-away, of a 

traveling wave tube embodying the invention; 
FIGURE 2 is an enlarged transverse section taken 

along line 2—2 of FIGURE 1; 
FIGURE 3 is an end view, partially cut-away of a jig 

by means of which the rod mounted helix is inserted into 
the banding sleeves, one of which is shown in the jaws 
of the jig; - 

FIGURE 4 is a side elevation of the jig; ' 
FIGURE 5 is a section similar to FIGURE 2 showing 

the shape and dimension of the deformed sleeve relative 
to the rod mounted helix; 
FIGURE 6 is an elevation of a sleeve on the helix 

bundle; and 
FIGURE 7 is a greatly enlarged portion of the sleeve 

wall. 
A traveling wave tube which uses a helix bundle is 

shown in FIGURE 1. The tube has a barrel 2 which 
encloses the slow-wave structure 4, shown as a helix, and 
a gun structure 6 which directs an electron beam along 
tube axis A through helix 4 to a collector at the other 
end of the tube. This beam interacts with the helix in 
a well-known manner so that a signal passing from input 
terminal 8 to output terminal 9 is ampli?ed. 

Helix 4 is part of a bundle 10, see FIGURES 2 and 6, 
mounted in barrel 2. Bundle 10 consists of the helix 4, 
three ceramic rods 12 extending longitudinally of and 
engaging the outside of the helix 4, and several axially 
spaced sleeves 11 clamped tightly around the rods. The 
rod mounted helix bundle is well known in the art and 
does not per se constitute my invention which is con 
cerned with an improved construction of the banding 
sleeves 11. 

Referring to FIGURES 2, 6 and 7, each sleeve 11 is 
cylindrical and has a wall comprising successive turns 
11a (see FIGURE 7) of a closed helix of Wire prefer 
ably having a circular cross-section. The wire is made of 
refractory metal such as tungsten or molybdenum. In 
this closed helix, the turns abut and are sealed to each 
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other longitudinally and form therebetween external 
and internal helical grooves 15 and 16. External groove 
'15 advantageously serves to distribute and retain molten 
brazing material with which the turns are sealed and 
secured together. Internal groove 16 facilitates axial 
?ow of contaminants from the assembled tube during 
the ?nal outgassing operation. 

In order to support the helix bundle within the barrel 
2 of the tube, outwardly projecting ?ngers 18 and 19 
(see FIGURE 2) are formed at opposite ends of each 
sleeve. These ?ngers are extensions of the helix wire 
and are formed by radially outwardly bending equal 
lengths of ‘wire in opposite directions at the ends ‘of the 
sleeve. The ?ngers 18 and 19 have identical shapes as 
well as lengths and extend from the sleeve body at dia 
metrically opposite points as shown in FIGURE 2. The 
radial distances from the sleeve axis to the ends of un 
stressed ?ngers 18 and 19 are equal and their sum is 
greater than the inside diameter of barrel 2. The ?ngers 
are sprung inwardly to permit insertion of the assembled 
helix bundle into the barrel and, when released, spring 
out against the barrel to resiliently hold the bundle con 
centrically of the barrel axis. 

If desired, the ?ngers 18 and 19 may be omitted and 
other means may be employed to support the bundle in 
barrel 2. 
By forming the sleeve 11 as a closed wire helix, sev 

eral important advantages are gained. The thickness 
of the sleeve wall, ‘being equal to the diameter of the 
wire is as uniform as the diameter of the wire is 
constant; i.e., $0.001 inch by well known wire 
drawing techniques. Refractory metal sleeves having 
‘wall thicknesses of 0.005 inch or less are readily formed 
by practice of the invention and, moreover, the thin wall 
of this normally brittle crystalline material is readily 
deformable from a cylindrical to a triangular shape 
without fracturing. This advantage obtains from cir 
cumferentially incorporating into the wall the character 
istic longitudinal ductility of wire. Also, the diameter of 
the sleeve is uniform and is precisely controlled by use 
of a mandrel for forming the helix initially. 
By Way of example, the helix bundle described above 

has been successfully fabricated and tested in a high 
power traveling wave tube and has the following di 
mensions: 

Helix 4 
Material ________________________ __ Tungsten wire 

Diameter ________________________ __inches__ 0.087 

Rod 12 
Material _______________________________ __ Quartz 

Diameter ________________________ __inches__ 0.100 

Sleeve 11 
Material ____________ _s _______________ __ Tungsten 

Diameter ________________________ __inches__ 0.283 

Wall thickness (wire diameter ________ __do____ 0.005 
Length ____________________________ __do____ 0.313 

The sleeves are formed on a helix winding machine 
of the type described in ‘co-pending application, Serial 
No. 226,982 ?led September 28, 1962 and assigned to 
the assignee of this application. Brie?y, refractory metal 
‘wire on a reel is vfed to a rotating precision mandrel 
which moves along its axis of rotation relative to the 
reel so that a closed 'helix is wound thereon. After a 
helix of desired length is formed, the wire is severed, 
the ends of the helix are temporarily fastened to the 
mandrel, and the mandrel and helix are ?red in a furnace 
to relieve stress in the wire. The assembly is then cool 
ed, the sleeve is removed ‘from the mandrel, and is there 
after plated with a thin ?lm of copper. 

If desired, ?ngers 18 and 13 are next formed by out 
wardly bending the ends of the sleeve. Axial pressure 
is then applied to the wire turns in a ceramic jig to in 
sure tight contact between turns, and the latter are brazed 
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4 
together in a furnace, the copper plate serving as braz 
ing material. The sleeve is then complete and is ready 
for application to the helix bundle. 

It will be understood that several sleeves 11 may be 
cut from a single helix after the latter is removed ‘from 
the mandrel. 
The several sleeves 11 used to band the helix bundle 

together are applied to the bundle simultaneously in 
a jig 25 shown in FIGURES 3, 4 and 5. The jig (see 
FIGURE 4) has a length L slightly less than the length 
of the bundle and comprises side plates 26 and 27, end 
plates 28 and 29, a top plate 30 and a base plate 31. 
A pair of elongated jaws .33 and 34‘. ‘within the jig en 
closure are supported at their outer 'lower edges (as 
viewed in FIGURE 3) on longitudinal rods 35 and 36, 
respectively, about which the jaws may pivot toward 
and away from each other. The inner adjacent faces 
33’ and 34’ of the jaws are spaced apart and the portions 
thereof which engage the sleeves 11 diverge downward 
ly and away from each other at an angle preferably of 
60 degrees. Spring loaded screws 36 and 37 engage 
jaw 33 and similar screws 38 and 39 engage jaw 34, the 
springs acting so as to tend to pivot the jaws away from 
each other. Pressure plate 40 abuts the tops of the jaws 
and under the pressure of screws 41 in top plate 30 
causes the jaws to pivot toward each other. A bottom 
jaw 44 is supported between the lower parts of jaws 33 
and 34- on vertical adjusting screw 45 which engages 
threads in bottom plate 31. 

In practice, the desired number of sleeves 11 are in 
serted into and are longitudinally spaced along the jig 
between jaws 33, 34 and 44 while screws 41 are with 
drawn and jaws 33 and 34 are in their fully opened 
position. ‘Fingers 18 and 19 on each sleeve are sprung 
inwardly in order to permit insertion of the sleeves into 
the jig. Plate 40 is next moved down by adjustment of 
screws 41 and pivots jaws 33 and 34 toward each other 
to deform the several sleeves simultaneously into the 
triangular cross-sectional shape shown in FIGURE 5. 
The inside dimension of each compressed sleeve is larg 
er than the corresponding triangular pro?le of the rod 
mounted helix and the latter may then be inserted into 
the several sleeves. Screws 41 are then retracted and 
the springs on screws 36, 37, 38 and 39 act to open 
jaws 33 and 34. Sleeves 11 return to substantially 
their original shape and close upon and tightly band the 
rods against the helix. The banded helix bundle is 
then removed longitudinally from the jig. 
The helix bundle is mounted in the barrel 2 and the as 

sembled tube is ?nally processed by baking out gaseous 
contaminants at elevated temperatures. The outflow of 
these contaminants is aided by the helical sleeve construc 
tion because the internal groove 16 in each sleeve tends to 
direct the gas ?ow axially of the tube. As shown in 
FIGURE 7 the internal groove 16 provides a space be 
tween adjacent wire turns 11a of sleeve 11 and the 
ceramic rods gripped by it, so that gas can pass readily 
between the sleeve and the rods. 

This invention is not limited to particular details of 
construction, materials or process, described above, as 
many equivalents will suggest themselves to those skilled 
in the art. The invention is de?ned in appended claim. 
What is claimed is: 
In an electron discharge device of the type described 

having a barrel, a helix bundle adapted to be inserted 
into said barrel comprising 

a refractory metal conductor wound into an inner 
cylindrical helix, 

a plurality of rods circumferentially spaced around 
and engaging said helix and extending parallel to 
the axis of the helix, 

a plurality of axially-spaced sleeves banded about and 
tightly engaging said rods, 

each of said sleeves comprising a wire wound into ‘a 
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closed cylindrical heix and composed of a refrac 
tory metal identical to that of the inner helix, and 

means for bonding adjacent turns of the sleeve helix 
together, 

the inside diameter of each sleeve ‘when rel-axed being 
less than the outside diameter of the rod-mounted 
helical conductor combination whereby the mount 
ed sleeve exerts a radial clamping force on the rods 
and helical conductor, 

each of said‘ sleeves having a radially outwardly ex 
tending ?nger at each end, said ?ngers on each 
sleeve being integral with the sleeve wire and pro 
jecting equal distances from the sleeve in opposite 

6 
directions for resiliently engaging the interior of 
said barrel. 
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