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Siegfried Schiller and " Peter ' Lenk, - Dresden-Weisser
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dorf, Kreis Oranienburg, Germany =~ ° '
- Filed Oct. 24, 1966, Ser. No. 589,043 -
C 7 Claims, (CL 13—31)

The present invention relates to an electron beam mul-
tiple .chamber furnace for melting under high vacuum.

;- Electron beams are utilized in a multitude. of applica-
tions-among -which is the heating of material:such as in a
multichamber furnace. An electron beam multichamber
furnace is used principally for the melting of metals which
are reactive and which have high melting points. Steel in
blocks weighing several tons may be melted by recently de-
veloped systems utilizing electron beams. In one system,
the electron-emitting cathode is concentrically positioned
around and surrounds the melting. stock. The cathode is
usually of directly heated type. The system is deficient be-
cause the cathode becomes highly vaporized,. so that. it
rapidly-becomes useless. Fiat beam electron guns or tra-
verse guns are utilized in attempts to overcome such defi-
ciency. The electron beam is deflected almost 180° or more
by a constant magnetic field. The cathode is not exposed to
either vaporization or to stray metal from the melt. In an-
other system, the cathode is concentrically positioned
around and surrounds the mmelting stock and an annular
anode is positioned around and surrounds the cathode
thereby shielding said cathode from vapor and stray metal
from the melt. ’

In many of these systems, ‘m‘e'lting is produced in a

field-free chamber. The electron beam is initially applied
in substantially conical configuration around a rod of the
melting stock and is applied from a relatively great dis-
tance. These systems are deficient because the pressure is
the same at the cathode and in the melting chamber,
since the electrodes and components of the system are all
positioned in the same chamber. When the pressure in-
creases more than 2X10~¢ mm. Hg, the high poteritial
breaks down and glow discharges occur between the vari.
ous electrodes and points at ground potential. In an at-
tempt to overcome the foregoing deficiencies, another SyS«
tem utilizes determined surface rotation-symmetrical cath-
odes and focused for powerful electron beams, The elec-
tron beams. are focused by magnetic lenses over extended
distances of 1 to 2 meters and are maintained at a small
diameter. Gas flow impedance thus may be positioned
between the electron gun and the melt chamber, which
chambers are evacuated separately from each other. An
electron .beam source may_thus utilize several pressure
stage chambers evacuated independently from each other.,
The, pressure is the melt zone, area or chamber may in-
crease to0 1072 mm. Hg between the cathode chamber and
the melt area, while the pressure in the. electron beam
source chamber does not exceed 10—4 mm, Hg.

. Electron beam.directing assemblies utilizing an electron
beam source which may be independently evacuated, may
be utilized. in two systems. . In one system, the melting
stock-is fed in from the top and a plurality, such as 3 to 5,
electron beam: directing assemblies are ‘positioned at the
top in oblique attitudes. In such system, the électron beam
power output may be up to 1000 kilowatts, Ini another
system, the melting stock is fed substantially horizontally
and a plurality of electron beam directing assemblies are
utilized. Despite the utilization of several electron beam
directing assemblies, when the melting stock is of large
size having large dimensions, such as a large diameter,
of.0.5 meter or greater, for example, the energy distri-
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bution in the melt is non-uniform. It is extremely impor-
tant to have a uniform distribution of energy when melting
alloys, and thus when melting steels. To overcome the
non-uniformity of energy in the melt, in the melting of
large size material, the material may be fed in substan-
tially horizontally and only one electron beam directing
assembly may be utilized. The electron beam is moved- in
a determined pattern through the melt or melt pool and-
over the melting stock. The electron beam is directed sub-
stantially vertically from the top of the equipment into
the melting chamber, The electron beam is periodically
deflected in a manner whereby said electron beam follows
a circular or elliptical path, so that the melting stock is
struck by said electron beam during each period or cycle
of deflection. The deficiency of the foregoing arrangement -
is that the diameter of the melting stock must be considei- -
ably smaller than the diameter of the ingot formed by the
solidfying and solidified melt or ingot. Furthermore, the
diameter of the melting stock should be smaller than %5
the diameter of the crucible. In a large scale operation,
in which the weight of the ingot is more than 10 tons, the
movement or feeding of the melting stock into the equip-
ment during melting creates an excessive expense.

The principal object of the present invention is the
provision' of a new and improved electron beam muiti-
chamber high vacuum furnace. The electron beam furnace
of the present invention overcomes the deficiencies of
known systems and operates efficiently, effectively and
reliably and without excessive expense. The electron beam
furnace of the present invention may utilize a crucible
having a diameter larger than 0.5 meter. The electron
beam furnace of the present invention produces an ingot
having a diameter which is equal to the diameter of the
melting stock and a uniform distribution of energy in the
melt pool and over the melting stock. The electron beam
furnace of the present invention produces an ingot of very
large diameter weighing over 10 tons. The electron beam
power outputs of the electron beam furnace of the present
invention are as great as 6000 kilowatts, The electron
beams of the electron beam furnace of the present inven-
tion may be controlled in accordance with determined
deflection programs,

In accordance with the present invention, an electron
beam multiple beam chamber furnace comprises a melt-
ing chamber having a top, bottom and sides. A fluid-
cooled crucible is positioned at the bottom of the melt-
ing chamber. A support feeds melting stock substantially
vertically downward into the crucible from the top of
the melting chamber. The melting stock and the crucible
have substantially the same cross-sectional configuration.
The melting stock has an axis. An electron beam produc-
ing and directing assembly positioned in a side of the
melting chamber produces and directs an electron beam
onto the lower area of the melting stock in a determined
petiodical deflection program thereby melting the melt-
ing stock to produce a melt pool in the crucible and di-
recting the electron beam over the surface of the melt
pool in a determined periodical deflection program. The
electron beam producing and directing assembly com-
prises an axially symmetrical electron gun- positioned to
supply an electron beam at an angle of 50 to 90 degrees
with the axis of the melting stock and electromagnetic
deflection means for deflecting the electron beam onto
the melting stock and onto the melt pool inthe crucible.
The periodical deflection program of the electron beam
on the melt pool is adjustable separately from the period-
ical deflection program of the electron beam on the melt-

" ing “stock in a manner whereby the time that the elec-

tron beam is on each point of the melting stock and on
each point of the melt pool is adapted by the periodical
deflection programs to the amount of heat required: The
electron beam forms a cavity in the lower area of the
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melting stock. The periodical deflection programs for the
melting stock and for the melt pool merge at the area
of smallest separation between the melting stock and the
melt pool: Vacuum pumping means evacuates the melting
chamber and the electron beam producing and directing
agsembly for maintaining 2 high vacuum in the melting
chamber and the electron beam producing and directing
assembly.

In order that the present invention may be readily car-
ried into effect, it will now be described with reference to
the accompanying drawings, wherein:

FIG. 1 is a schematic diagram, pa:tly in section and
partly in block form, of an embodiment of the electron
beam multichamber high vacuum furnace of the present
invention;

FIG. 2 is a perspective view, partly in section, of the
upper part of the crucible and the lower part of the melt-
ing stock of the electron beam furnace of the present in-
vention, including the track of the electron beam; and

FIG. 3 is a plan view of another embodiment of the
electron beam furnace of the present invention.

The electron beam multiple chamber furnace for melt-
ing under high vacuum of the present invention provides
a very high power output of more than 1000 kilowatts
and is especially adapted to melt steel on a large scale,
In FIG. 1, a melting chamber, zone or area 1 houses a
water or fluid-cooled crucible 2. The crucible 2 has a
movable bottom 3, which may be moved in axial direc-
tions and which supports a block or ingot 4 formed by
solidified and solidifying melt or melt pool 5. The melt
pool 5 is produced at the upper part of the ingot 4 at
the lower periphery of the mouth 6 of the crucible 2.
The melt pool 5 is formed by the melting of the melting
stock or material to be melted 7 and is maintained by
melted material continuously dripping into said melt. The
melt pool § is the upper part of the ingot 4 which is main-
tained in molten condition.

The melting stock 7 to be melted has the same cross-
sectional area as the ingot 4. The melting stock 7 is fed
into the melting chamber 1 from the top via an extending
portion 8 of said melting chamber. All the components
in the meltirig chamber 1 are under the same pressure. A
support member 9 supports the melting stock 7 and is
gradually moved in axial direction toward the crucible
2. The speed or rate of movement of the melting stock
7 is determined and adjusted in accordance with the
amount of melting stock 7 which is to be melted. The
support member 9 may in turn be supported by any suit-
able supporting and moving means such as, for example,
a pulley or crane device 10 in an evacuated housing.

One or a plurality of electron beam directing assem-
blies 11 is or are provided in the sides of the melting
chamber. 1, between the upper and lower parts of said
melting chamber. The electron beams are thus supplied
to the melting chamber 1 in horizontal or substantially
horizontal direction. The electron beams supplied to the
melting chamber 1 are at an angle of from 50° to 90°
with the vertical. The multichamber electron beam di-
recting assembly 11 comprises an electron gun 12, a plu-
rality of magnetic lenses 15 and pressure gradient cham-
bers 16 and gas flow impedances 17 and 18. The multi-
chamber electron beam assembly produced a focused and
directed electron beam 19.

The electron beam 19 passes through the gas flow im-
pedance 17 into the pressure gradient chamber 16. The
‘pressure gradient chamber 16 has projecting conduits or
nipples 21 and 22 for connection to vacuum pumps (not
shown in FIG. 1). The electron beam 19 passes from
the pressure gradient chamber 16 through the gas flow
impedance 18, the magnetic last lense 15 and a mag-

netic deflection system 23 for the electron beam 19 into -

the melting chamber 1. The magnetic deflection system
23 comprises four electromagnet windings, two of which
are shown in the view of FIG. 1, and two of which are
positioned in a plane at right angles to the plane of the
two which are shown and are not shown in FIG. 1. The
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electron beam directing assembly 11 thus permits the -
pressure in the melting chamber 1 to be independent
from the pressure in the electron gun 12.

The gas flow impedances 17 and 18 and the pressure
gradient chambers between the electron gun and the melt-
ing chamber 1 compensate for pressure differences which
may occur in the melting chamber 1 due to the eruption
of gases from the melting stock 7 or from the melting
pool 5. Thus, the pressure in the melting chamber 1 may
increase to 10—2 mm. Hg, for example, while the pres-
sure in the cathode chamber is limited to the 10—* mm. Hg.

The magnetic deflection system 23 comprises four elec-
tromagnetic coils, as mentioned, which are positioned and
current-controlled in a manner which permits said coils
to deflect the electron beam 19 in different, independent-
ly adjustable, periodical or cyclical movement patterns on
the melting stock 7 and in the melt pool 5. The beam de-
flection system 23 deflects the electron beam 19 to any
desired point on the melting stock 7 and to any desired
point in the melting pool 5§ and maintains the electron
beam at the desired point in accordance with the neces-
sary melting conditions and in accordance with the move-
ment pattern.

The independently adjustable movement patterns of
the electron beam 19 for the melting stock 7 and for the
melt pool 5 join each other at the lowest part or edge 24
of said melting stock. The lowest edge 24 of the melting
stock 7 is positioned in the crucible 2-and is almost in
contact with the melt pool 5 in said crucible. The move-
ment patterns of the electron beam 19 for the melting
stock 7 and for the melt pool 5 are adjusted to provide
a melting surface on said melting pool in the shape of
2 conical cavity. It is thus preferable to utilize soft mag-
netic ferrite material as the pole pieces of the magnetic
lenses, as the cores and, as necesary, as the magnetic cir-
cuit components of the electron beam deflection sys-
tem 23.

FIG. 2 illustrates the tracks or movement patterns of
the electron beam. FIG. 2 shows, on an enlarged scale,
part of the crucible 2, part of the melting stock 7 and the
melt pool 5. The electron beam 19 (not shown in FIG. 2)
strikes the melting stock 7 and moves along the lower
surface of said melting stock in a movement pattern 25
and strikes the melt pool 5 and moves through said melt
pool in a movement pattern 26. The movement patterns
25 and 26 and the thickness of the electron beam are
independently determined and are periodically or cycl-
jcally repeated until the melting process is completed.
The electron beam movement patterns 25 and 26 are
controlled by the current supplied to the coils of the beam
deflection system 23 or by the voltage applied to said
coils.

The amount of energy applied to the melting stock 7
and to the melt pool 5 is dependent upon the thickness
of the electron beam 19 and the speed of deflection of

53 said electron beam. The movement pattern 25 is substan-

tially sinusoidal with a variable frequency which is rela-
tively low, higher, highest, lower and low as said pattern
moves from top to bottom of the lower part of the melt-
ing stock 7. The movement pattern 26 is the same as the
movement 25, but moves from side to side of the melt
pool 5. The energy applied by the electron beam 19 in the
movement patterns 25 and 26 is thus most concentrated
in the central portion of said patterns and is gradually
less concentrated from the central portion to each end
portion. The movement pattern 25 forms a cavity 27 of
conical configuration in the lower part of the melting
stock 7 as the electron beam 19 melts said melting stock.
The conical cavity 27 formed in the melting stock 7 has
many technical advantages.

The advantages of the conical cavity 27 include the
formation of a large angle between the melting stock 7
and the axis of the electron beam 19 striking said material
and the prevention of the electron beam from striking the
fouth 6 of the crucible 2. The utilization of two inde-
pedent movement patterns 25 and 26, which join each
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other in the area of the lowest edge 24 (FIG. 1) of the
melting stock 7 permits said melting stock to have a di-
ameter which is considerably smaller than the inner di-
ameter of the crucible 2. Furthermore, the cross-section
of the melting stock 7 may be other than circular, due
to the independent movement patterns 25 and 26.

The mouth 6 of the cirucible 2 permits the electron
beam 19 to strike the melt pool 5 at any point of its
surface including the peripheral edge thereof. In the elec-
tron beam multi-chamber high vacuum furnace of the
present invention, although vapor is produced at the
melted surface of the melting stock 7 in directions sub-
stantially perpendicular to such surface, the conical cav-
ity 27 configuration of such surface prevents most of such
vapor from reaching the gas flow impedances 17 and 18,
so that very little vapor reaches said gas flow-impedances.
Furthermore, most of the vapor produced at the sur-
face of the melt pool 5 is prevented from reaching the
gas flow impedances 17 and 18, so that very little vapor
from said melt reaches said gas flow impedances.

A plurality of electron beam directing assemblies 11
(FIG. 1) may be utilized in the electron beam furnace
of the present invention. Bach of the electron beam direct-
ing assemblies is independently or separately adjusted or
controlled to provide a movement pattern, but the move-
ment patterns are determined by the electron beam de-
flection systems 23 of said electron beam directing as-
semblies in determined relation to each other. FIG. 3
discloses an embodiment of the electron beam furnace
utilizing a plurality of electron beam directing assemblies
in determined relation to each other. FIG. 3 discloses
an embodiment of the electron beam furnace utilizing a
plurality of electron beam directing assemblies,

In FIG. 3, four multichamber electron beam directing
assemblies 31a, 31b, 31c and 3id are positioned in the
sides of the melting chamber 1! and are equidistantly
and equangularly spaced from each other in g horizontal
plane. Four vacuum pumps 32a, 32b, 32¢ and 32d are
positioned between the electron beam directing assem-
blies 31a, 315, 31c and 3id equidistantly and equian-
gularly spaced from each other and from said electron
beam directing assemblies in a horizontal plane. The cr-
cible 2! and the melting stock 7! are shown in FIG. 3,

In the embodiment of FIG. 1, a vacuum pump 33
is ntilized to evacuate the melting chamber 1 and may
be positioned close to the crucible 2. The vacuim pump
33 may comprise any suitable oil diffusion pump. The
vacuum pump 33 cooperates with and operates via a
valve 34, which valve may be part of an oil diffusion
pump. A plurality of water or fluid-cooled sheets 35 are
provided in spaced linear relationship to each other be-
tween the melting chamber 1 and the valve 34 of the
vacuum pump 33. The sheets 35 are spaced from each
other at equal distances which prevent heat, vapor and
stray metal from the melt pool 5§ from reaching the valve
34 or the pump 33. The sheets 35 thus protect the valve
34 and the pump 33 from stray metal, vapor and heat
in the melting chamber 1. If the vacoum pump 33 com-
prises an oil diffusion pump, the sheets 35 function as
a condensation trap for the oil vapor of such a pump, so
that said sheets avoid the need for an oil trap.

While the invention has been described by means of
specific examples and in specific embodiments, we do not
wish to be limited thereto, for obvious modifications will
occur to those skilled in the art without departing from
the spirit and scope of the invention,

What is claimed is:

1. An electron beam multiple chamber furnace, com-
prising a melting chamber having a top, bottom and
sides; a fluid-cooled crucible at the bottom of the melt-
ing chamber; support means for feeding melting stock
substantially vertically downward into the crucible from
the top of said melting chamber, said melting stock and
said crucible having substantially the same cross-sectional
configuration, said melting stock having an axis;
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electron beam producing and directing assembly means
positioned in a side of said melting chamber for pro-
ducing and directing an electron beam onto the low-
er area of said melting stock in a determined periodi-
cal deflection program thereby melting said melting
stock to produce a melt pool in said crucible and
for directing said electron beam over the surface of
said melt pool in a determined periodical deflection
program, said electron beam producing and directing
assembly 'means comprising an axially symmetrical
electron gun positioned to supply an electron beam
at an angle of 50 to 90 degrees with the axis of
said melting stock and electromagnetic deflection
means for deflecting said electron beam onto said
melting stock and onto said melt pool in said crucible,
said periodical deflection program of said electron
beam on said melt pool being adjustable separate-
Iy from said periodical deflection program of said
electron beam on said melting stock in a manner
whereby the time that said electron beam is on each
point of said melting stock and on each point of
said melt pool is adapted by said periodical deflec-
tion programs to the amount of heat required, said
electron beam forming a cavity in the lower area
of said melting stock, the periodical deflection pro-
grammed patterns of said electron beam for said
melting stock and for said melt pool merging at the
area of smallest separation between said melting
stock and said melt pool; and

vacuum pumping means for evacuating said melling

chamber and said electron beam producing and di-
recting assembly means for maintaining a high vac-
uum in said melting chamber and said electron beam
producing and directing assembly means,

2. An electron beam multiple chamber furnace as
claimed in claim 1, wherein the cavity formed in the low-
er area of said melting stock is of substantially conical
configuration,

3. An electron beam multiple chamber furnace as
claimed in claim 1, wherein the electromagnetic deflec-
tion means of said electron beam producing and directing
assembly means comprises magnetic lenses and magnetic
deflection means having poles and coil cores of soft
magnetic ferrite material for focusing and deflecting said
electron beam.

4. An electron beam multiple chamber furnace as
claimed in claim 1, further comprising valve means in-
terposed between said vacuum pumping means and said
melting chamber and baffle plate means comprising a
plurality of spaced fluid-cooled sheets positioned between
said melting chamber and said valve means.

8. An electron beam multiple chamber furnace as
claimed in claim 1, wherein said electron beam producing
and directing assembly means comprises a plurality of
axially symmetrical electron guns equiangularly positioned
from each other in the sides of said melting chamber, the
periodical deflection programs of said electron guns be-
ing separately adjustable from each other,

6. An electron beam multiple chamber furnace as
claimed in claim 5, wherein the periodical deflection
programs of said plurality of electron guns are coordinated
with each other.

7. An electron beam multiple chamber furnace as
claimed in claim 5, wherein said vacuum pumping means
comprises a plurality of vacoum pumps each positioned
between adjacent ones of said electron guns in the sides
of said melting chamber,
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