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12 Claims., (CL 313--237)

The invention relates to an eleciron beam gun, and
has reference in particular to apparatus of this nature
which will incorporate improved structural features mak-
ing the same especially applicable for the welding, within
an evacuated enclosure, of metals having a high meiting
tem BTy~

The clectron welding device of the invention produces

a stream of electrons, and which siream is accelérated
and focused by structure specially designed for the pur-
ose s0 as to provide a high power density beam for
impinging on the work whereby the energy of the beam
is transferred to the work, resnlting in fusion. The
essential elements of such a device comprise a support-
ing body portion, a filament, a cathode, an anode, and a
focusing coil. The said elements have been so designed
and have such correlation with each other that various
metals and particularly those characterized by high meli-
ing temperatures can be satisfactorily welded within a
vacuum.

“GHE0F the basic objects of the invention resides in
the provisicn of a body portion for the gun which will

e

consist cof insuiating material of high insulating value,

and which in addition will be mechanically strong with
Tow moisture and gas absorption and with good dielectric
strength, whereby the body portion will provide .a satis-
factory mounting for such elements of the gun as the
inner and outer shells which havs a high potentiai dif-
ference during operation.

Another object of the invention is to provide a filameant
for an electron gun whick will be inexpensive to make,
although highly efficient in operation, and which can be
easily inserted and accuraiely located with respect to
the cathede by means of improved clamping structure.

Another object of the invention is to provide clamping
structure as described, which will employ spring loading
action for releasably retaining the filament in place for
the most satisfactory electrical connection, which will
insure positive and mechanically secure clamping engage-
ment of the filament so that deterioration due to defective
contact between filament and holder will be eliminated,
and wherein said filament will be so clamped as to enable
easy replacement and reproductability of the electron
beam effect. .

Another object of the invention is to provide a pair
of electrodes and a connecting socket for each electrode
which will be electrically effective in connecting the elec-
tredes to the power source for the most efficient operation
of the gun, and which wiil also enable rapid- and easy
assembly and disassembiy of the various parts of the gun.

A further object of the invention is to provide inmer
and outer shells for the gun, each comprising essentially
a cage having large openings for rapid diffusion of the
gases and metal vapors produced during use of the gun
and which will result in safe operation without any arcing.

Another object is to provide an electron beam gum
which will incorporate improved spacing rings for spacing
the anode the required distance from the cathode and
filament for obtaining various ranges of beam current,
and which can be employed selectively since a fast clamp-
ing and unclamping arrangement makes the changing of
a spacing ring relatively easy while at the same time
insuring parallelism between the filament, the cathode
and the anode.

A still further object is to provide electromagnetic
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focusing means for ths electron beam of a gun such as
described, which will have location below the anode at a
convenient distance from the gun to provide the most
efficient focusing of the electron beam for welding
DUrposes.

Another object is to provide a funnel for association
with the work piece, and which will insure the maximum
stability of the gun in operation, since the funnel is effec-
tive for absorbing X-rays, for the collection of gases
and metal vapors through condensation, and for the
trapping of ions before they reach the gun, thus prevent-
ing their interference with and impairment of the filament.

With these and various other objects in view, the
invention may consist of certain novel features of con-
struction and operation, as will be more fully described
and particularly pointed out in the specification, drawings
and claims appended thereto.

In the drawings which illustrate an embodiment of the
device and wherein like reference characters are used o
designate like parts—

FIGURE 1 is a longitudinal sectional view taken sub-
stantially along line 1—31 of FIGURE 2 and which shows
the structural details of an eleciron beam gun embodying
the improvements of the invention;

FIGURE 2 is a top plan view of the eleciron beam
gun of FIGURE 1;

FIGURE 3 is a fragmentary sectional view illustrating
several improved features of the present gun including the
spacing ring for the anode and the funnel for associaticn
with the work-piece.

FIGURE 4 is another fragmentary sectional view illus-
trating the adjustable clamping means for the spacing
rings;

FIGURE 5 is a fragmentary sectional view showing
in detail the clamping arrangement for releasably securing
the filament to the current conducting electrodes;

FIGURE 6 is a plan view of the filament as shown in
FIGURE 5;

FIGURE 7 is a detail view showing the size and shape
of the metal blank prior to the bending thereof to form
the filament; and

FIGURE 8 is a schematic view illusirating the elec-
trical connections for the various e¢lements of the present
electron beam gun,

Referring to the drawings and ia particular to FIG-
URES 1 and 2 the embodiment selected for iliustrating
the invention employs a cap or body portion 2§ from
which the various parts of the gun are suspended. The
said body portion is formed of insulating material having
good dielectric strength, good heat conductivity, and
which is also mechanically strong with low moisture and
gas absorption. The body portion accordingly suspends
a pair of electrodes 22 and 24 for conducting current to
the filament 23. The body portion also suspends a spaced
inside shell or cage 26 for supporting the cathode 27 and
a spaced outside shell or cage 28 which functions as a
holder for the anode 30. o
- The current conducting electrodes 22 and 24, and the
inner cage 28 comprise a unii which is supported from
the insulating body portion 28 primarily by the plate
members 31 spaced and insulated from each other and
to which the cage 28 of stainless steel is welded as at 32.
The plate members 31 are secured centrally to the body
portion and this central section is cored to provide the
elliptical opening 33, FIGURE 2. Said opening receives
the sockets 34 and 335 preferably formed of copper and
which have a plug receiving recess 36 in their exposed top
end whereas their reduced depending end is threaded at 37,
This end of each socket extends through a wasker of in-
sulating material such as 38 and through its respective
plate member 31 and the end is threaded into one of ihe
electrodes. Thus socket 34 is mechanically and electri-
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cally connecied to electrode 22, whereas socket 35 con-
nects with electrcde 24. The sockets 34 and 35 are
adapted to receive plugs, not shown, and which electrically
counect the sockets and thus the electrodes to a source of
current for heating the electron emitiing filament 25.
Said current may have a voltage of about 5 volts with an
amperage which may average approximately 40 amperes.

The electrodes 22 and 24 are thus disposed in a depend-
ing, side by side relation relatively adjacent each other
and which requires the location of spacers of insulating
material such as 44, 41 and 42 for maintaining the elec-
trodes in desired spaced relation. The securing bolts 43
extend through the electrodes and through the washers 41
and 432, respectively, to receive the nuts 44 and which are
properly insulated from electrode 22, The electrodes are
{hus mechanically connected to form a unit and which
support on respective sides a clamping arrangement for
clamping the filament to the electrodes. Each electrode
has a clamping bar such as 45 and 46 disposed in centact

with its outside surface and each bar provides a lower 9

flange 47 and 48 adapted to contact a shoulder such as 50
cn its respective electrode. A -clamping member 51 is
provided for each bar and the same comtacts its bar at
longitedinally spaced locations for which purpose each
member 51 is provided with feet 52. A bolt 53 extends
through each of the members and through its associated
clamping bar and has threaded conpection with its respec-
tive clectrode. The clamping members are preferably
formed of metal such as copper and which has some resil-
iency since upon tightening the bolts 53 it will be under-
stood that a spring loading action is applied to each clamp-
ing bar, thus forcing and securely maintaining the flanges
47 and 48 against a shoulder 58 to thus provide a good
meckanical and electrical clamp for the filament 25.

The inner cage 26 of substantially cylindrical sbape may
be constructed of stainless steel and the cage is formed
with a plurality of cpenings 49 whereby ccnvenient access
is provided for manipuiating the nuts 44 and the bolts 53.
Release of the bolis and disassembly of the clamping

arrangement will be necessary in the event a filament has .«

to be replaced.

The lower terminal end of the inside cage 26 is threaded
as at 54 and this threaded end receives the retaining ring
55 for releasably retaining the cathode 27 in place on the
bottom of the cage. The said cathode is maintained at a
negative potential of approximately 50,000 volts and the
same is provided with a center opening which receives the
axially positioned filament 28. It is important that the
filament have an accurately aligned relation with the open-

ing for the most efficient production of electrons and also ¢

the undersurface of the cathode 27 is shaped at 56 as best
shown in FIGURE 3 for the same purpose.

The filament 25 is formed from a strip of metal 53,
FIGURE 7, such as tantalum or tungsten, the same hav-
ing a shape as shown in FIGURE 7. The relatively wide
extremities 59 comprise the portions of the same which
are clamped between the shoulders £ and the flanges 47
and 48, respectively. The connecting portions 69 narrow
the strip down to .a central section 61 and which has a
length whereby to permit a bending of the section back
on itself while still presenting a surface area adequate for
the emission of electrons fcr the present gun. With the
filament in clamped engagement with the electrodes 22
and 24 as shown in FIGURE 5 the connecting portions
60 extend diagonally downward and inward to the bends
62 whereupon the metal strip extends laterally ouiward
to the ouiside bends 63. This formation of the filament
by its non-inductive nature minimizes the magnetic field
produced by the filament.

_ The outside shell or cage 28 is likewise provided with

a plurality of openings 65 and the said cage is suspended
from the body portion 29 by the encircling clamp 66.
The cage at its upper end is welded at 67 to the clamp
and which is heid to the body portion by the securing bolts
68 being Iocated under the annular flange 69 which com-
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prises an integral part of ihe body portion. The cage
provides a support for the ring 7§ of insulating material
having the same desirable characteristics as the material
of the body portion. The anode 3% is supported and
accurately positioned by the ring 70 with its opening 7%
in alignment with the opening in the cathode 27 and with
the filament 25. The anode is given a positive potential
and for the most satisfactory results in operation it is
preferred to make the anode of tantalum. Since the
spacing of the anode 38 from the cathode 27 determines
the power ratings for the present electron gun, that is
the maximum value of beam current at maximum volt-
age, the invention provides adjustable hangers 72 and
spacing tings such as 73, FIGURE 3, for varying the
cathode-anode distance. Two hangers 72 are provided
diametrically spaced on the cage 28 and each hanger is
slotted at 74 and formed with a groove 75 at its depend-
ing end. An annular flange 76 on the anode supporting
ring 79 is retained by the groove 73 and a threaded stud
77 extends from the cage through the slot 74 and receives
the releasable knob 78. )

In FIGURE 1 the anode supporting ring 7¢ and thus
the anode 38 are spaced the minimum distance from the
cathode to give the maximum rating for the gun, approxi-
mately 300 milliamperes at maximum operating voltage
of about 25,000 volts. Since lower currents at the maxi-
mum voltage are often desirable, spacing rings are em-
ployed and which are inierposed between the end of the
cage 28 and the ring 78. For example, in FIGURE 3,
the ring 73 lowers the anode 3§ to an exfent which gives
a current of approximately 50 milliamperes. In FIGURE
4 the ring 89 is greater in length and thus the cathode-
anode distance is increased for a relatively low current
of about 25 milliamperes.

Below the annular flange 69 the bedy portion 2§ is
formed with a depending nose portion 81 and which pre-
sents an inwardly sloping surface 82 exteriorly of the body
portion and a relatively long surface within the body
portion until the inside cage 2% is reached. In accord-
ance with the invention the nose 81 is interposed betwee
the inside and outside cages 26 and 28, respectively, to
present the maximum creep distance between these parts.
This is desirable since the parts have a2 high potential dif-
ference during operation. The result of this structure is
to insure safe operation of the gun at said high operating
potentials and without any arcing.

TFor focusing and directing the electron beam so as to
direct a beam of maximum density for welding the work-
piece, a focusing coil 83 is suspendzd by the screws 74
from the anode supporting ring 78. The said focusing
coil essentially consists of a pair of coils such as 84 and
85 encased in an enclosing shell 86 of iron and which
have an armature 87 also of iron located between the
adjacent inner edges of the coils. An air gap 8§ exisis
on each side of the armature between the same and the
interior cylinder of iron 9 for the respective coils. The
air gaps are thus located at the central plane of the focus-
ing coil. A relatively low voltage, direct current is caused
to flow through the coils 84 and 85 to provide a magnetic
effect within the central passage formed by the interior
cylinders 90. The focusing coil is located below the anocde
where the electron beam starts to diverge. The action
of the magnetic flux from coil to armature is such as to
cause the beam to converge and by adjusting the current
flowing in the coils the beam of electrons can be caused
to impinge on the workpiece with maximum density for
the most satisfactory welding operation.

When the temperature of the filament 25 is increased
to a predetermined extent, the kinetic energy of some of
the electrons is also increased allowing them to escape
from the filament. In a vacuum and under the influence
of an electric field as produced by the cathode 27 and the
anode 39, the electrons are accelerated and they move in
the direction of the field. Because the electron beam has
a tendency to diverge, it is necessary to counter this na-
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tural phenomenon by providing the focusing coil 83. The

coil is located a predetermined distance below the anode

and even though different spacing rings are used, this

distance remains fixed.

From the focusing coil the beam is directed onto the
workpieces 831 and 92 as shown.in FIGURE 3 for weld-
ing the metal pieces together. As a result of the genera-
tion of the electron beam and the fusion of the metal
workpieces, gases and metal vapors will be produced and
soms ionization will also occur, If the ions find their
way to the filament area, they tend to interfere with the
generation of the electrons, and they also have a deterior-
ating effect on the filament. The metal vapors are de-
posited on the surfaces of the gun to result in shorter creep
distances so that arcing may occur. To minimize these
conditions and to thus improve the stability of the gun
during operation a funnel 94 of any suitable metal is
employed in connection with the welding of the work-
pieces. Said funnel has an opening 95 at its apex end
through which the electron beam is directed onto the
work. The funnel will function to absorb X-rays such
as may be produced by the electrons and the funnel will
also serve to collect a large proportion of the gases and
metal vapors through condensation. Also the funnel can
be used to trap and contain most of the ions that may be
produced, thus preventing them from interfering with the
filament.

The electrical circuit for the gun is shown schematically
in FIGURE 8.
by the leads L, and Ly includes the primary winding 96
of a transformer 97 which has a secondary winding 98
connected to the conductors 186 and 181, which in turn
supply a heating current at the desired voltage to the
clectrodes 22 and 24, and thus to the filament 25. The
high voltage power supply furnishes a direct current at
the desired voitage for maintaining the required electrical
jeld between the cathode and the anode. The negative
conductor 192 is connected to the conductor 168 and the
conductor 193 completes the circuit to the cathode 27.
The positive conducter 184 from the high voltage power
supply has comnection with the anode 38 and a parallel
circuit including conductor 165 is connected to the work-
piece and grounded.

it is to be understood that the invention is not to be
limited to or by details of construction of the particular
embodiment thereof illustrated by the drawings, as vari-
ous cther forms of the device will, of course, be apparent
to those skilled in the art without departing from the
spirit of the invention or the scope of the claims.

What is claimed is:

1. In a device of the character described, in combina-
tion, a body portion of insulating material, a cylindrical
cage of metal depending from the body portion, a pair
of current conducting electrodes extending longitudinally
within the cage and being supported from the body por-
tion, clamping means carried by each of the electrodes
for releasably clamping an electron emitting element to
said electrodes at the depending terminal end of the same,
each clamping means including a clamping bar and a
member for spring loading the bar, a cathode adapted to
be releasably secured to the depending terminal end of
the cage and in position for coacting relation with the elec-

ron emitting element, and means for releasably securing
the cathode to said cage.

2. A device of the character as defined by claim 1,
wherein the cage has a plurality of openings in the cylin-
drical wall thereof and which extend longitudinally, cer-
tain of said openings receiving and providing access to
the clamping means respectively.

3. In 2 device of the character described, in combina- ;

tion, a body porticn of insulating material, a cylindrical
cage of metal depending from the body portion, a pair
of current conducting electrodes extending longitudinally
within the cage and being supported from the body por-
tion, each electrode having means depending from the

The alternating power supply indicated:
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lower terminal end thereof to provide a shoulder, a clamp-
ing means carried by each of the electrodes for releasably
clamping an electron emitting element fo said electrodes
and against the shoulders of the same, each clamping
means including a clamping bar disposed adjacent and in
contact with its electrode and having a flange adapted to
contact the shoulder of its electrode, 2 member positioned
and having portions for contaci with its bar at spaced
locations, means for securing the member io its elecirode
whereby to spring load its bar, and a cathode releasably
secured to the depeading terminal end of the cage and
positioned for coacting relation with the electron emitting
element. .

4. A device of the character as defined by claim 3, addi-
tionally including a ring element having threaded connec-
tion with the cage for releasably securing the cathods to
the cage, and wherein the cylindrical wall of the cage is
provided with a plurality of openings and which extend
longitudinally, certain of said openings receiving and
providing access to the clamping means respectively.

5. In an electron gun, the combination with a body
portion of insulating material, 2 cylindrical inside cags
fixed to and depending from the body portion, a pair of
electrodes extending longitudinally within the cage in
spaced relation with the cage and with each other, means
supporting the electrodes from the body portion, clamp-
ing means carried by each of the electrodes for releasably
clamping an electron emitting element to said electrodes
at the terminal end thereof, said clamping means includ-
ing a clamping bar and a member for spring loading the
bar, a cathode adapted to be releasably secured to the
terminal end of the inside cage and in position for coact-
ing relation with the electron emitting element, an outside
cylindrical cage also fixed to and depending from the body
portion, said outside cage being concentric and in spaced
enclosing relation with the inside cage, and an ancde re-
Jeasably supportied by the terminal end of the ouiside cage
and positioned thereby a predetermined distance belov
the cathode and in substantial axial alignment with the
cathode.

6. Anp electron gun of the character as defined by claim
5, wherein the inside cage and the ouiside cage are each
provided with longitudinaily extending openings having
an aligned relation, certain of said openings providing
access fo the clamping means respectively.

7. An electron gun of the character as defined by claim
5, additionally including a spacing ring interposed between
the outside cage and the anode for increasing the distance
between the cathode and the said anode.

8. In an electron gun, the combination with a body por-
tion of insulating material, a cylindrical inside cage fixed
to and depending from the body pertion, a pair of elec-
trodes extending longitudinally within the cage in spaced
relation with the cage and with each other, means sup-
porting the electrodes from the body poriion, clamping
means carried by each of the electrodes for releasably
clamping an electron emiiting element to said slectrodes
at the terminal end thereof, a cathode releasably szcured
to the terminal end of the inside cage and in position for
coacting relation with the electron emitting element, an
outside cylindrical cage also fixed to and depending from
the body portion, said outside cage being concentric and
in spaced enclosing relation with the inside cage, an anode
supporting ring of insulating material releasably secured
to the terminal end of the outside cage and positioned
thereby below the cathode, an anode supported by the said
ring in axial alignment with the cathode, and a focusing
coil suspended from the anode supporting ring and being
positioned a predetermined distance below and in sub-
stantial axial alignment with the anode and cathode.

9. An electron gun of the character as defined by claim
8, additionally including a spacing ring interposed be-
tween the outside cage and the anode supporting ring
for increasing the distance between the cathode and the
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said ancde and also the distance between the cathode and
the focusing coil.

10, In an electron gun, the combination with a body
portion of insulating material, a cylindrical inside cage
fixed to and depending from the body portion, a pair of
electrodes extending longitudinally within the cage in
spaced relation with the cage and with each other, means
supporting the electrodes from the body porticn, clamping
means carried by each of the electrodes and operative at
the lower terminal end of its electrode for clamping an
electron cmitting element thereto, a cathode releasably
secured to the terminal end of the inside cage and in posi-
tion for coacting relation with the electron emitting ele-
ment, an outside cylindrical cage also fixed to and depend-
ing from the body portion, said outside cage being con-
centric and in spacad relation with the inside cage, an
anode supporting ring of insulating material releasably
secured to the terminal end of the outside cage and posi-
tioned thersby below the cathode, and an anode supported
by the said ring ceatrally thereof and in axial alignment
with the cathode, the said body portion having a forma-
tion interposcd between the iaside and outside cages such
that an adeguate creep surface is provided to prevent arc-
ing between the said cages.

1%, An electron gun as defined by claim 18, addition-
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ally including a plurality of hangers carried by the out-
side cage for releasable connection with the anode sup-
porting ring, whereby the hangers support the ring from
the cage and position the same below the cathode-

32, An electron gun as defined by claim 18, additicn-
aily including a plurality of hangers adjustably carried
by the outside cage for releasable connection with the
anode supporting ring, whereby the hangers suppost the
ring from the cage and position the same below the cath-
ode, and wherein a spacing ring may be interposed be-
tween the cage and the anode supporting ring for increas-
ing the distance between the cathode and the anode.
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