
Oct. 29, 1940. B. BERGHAUS ET AL 2,219,614 
ELECTRICAL DISCHARGE APPARATUS 

Fillied March 20, 1939 2. Sheets-Sheet l 

N. 
$2. . 

L 
Me N Q Frt 

A V 

22%g 
2 aser Aayza, i5%. 27.24 

  



Oct. 29, 1940. B. BERGHAUS ET AL 2,219,614 
ELECTRICAL DISCHARGE APPARATUS 

Filed March 20, 1939 2. Sheets-Sheet 2 

2. e 

aw 
V 

Z21 M 2 
4. 

2 2 
Aio. 4 

NSNYNYN % Z 28 
NNNNNERS 59 N NN 
K NZ///M// 2 IAN247c, 

60- NNNNNNN, NNNNNNN, 
6/ SISY 

2 

N 
3% 
NNA 

4. 42re/hazs 
-4 n/257.4%a -4 

3-2 of 3-rea 

  

  

  

  

    

    

  

  

  

  

      

    

  

    

  

  

  

  

  

  



Patented Oct. 29, 1940 

UNITED STATES 
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Bernhard Berghaus, Berlin-Lankwitz, and Wi 
helm Burkhardt, Berlin-Grunewald, Germany; 
said Burkhardt assignor to said Berghaus 
Application March 20, 1939, Seria No. 263,075 

In Germany March 24, 1938 
4 Claims (C. 250-27.5) 

The invention relates to a lead-in conductor 
for vacuum, annealing and melting furnaces, 
the characteristic feature of which is that the 
insulating material is protected by a gap against 
any attack by the gas discharge. The length 
of the protective gap is preferably a multiple 
of its width. 
The invention relates to a lead-in conductor 

for electric vacuum, annealing and melting fur 
onaces, the characteristic feature of which is that 

the insulated cathode Or anode conductor, to 
which the required voltage is applied for the heat 
ing up of the material to be annealed or melted 
by means of an electric discharge at reduced pres 

ls sure, is provided with a metal covering at a 
short distance, preferably projecting into the vac 
uum chamber of the furnace. The insulating 
and sealing material of the conductor is so ar 
ranged that it is not reached by the charge car 

20 riers and metal vapour present in the vacuum 
chamber. The distance between the conductor 
and the metal covering is made Smaller than the 
width of the glow fringe which is formed around 
the conductor and the electrodes, more particul 
larly, the cathode. The distance of the metal 
covering from the conductor depends upon the 
nature of the gas, the pressure and temperature 
of the gas, being about 0.1 to 20 and preferably 
0.5 to 5 millimeters, and the metal covering has 
such a length that the glow and the charge car 
riers from the ionised atmosphere of the fur 
nace, as well as the metal vapour, do not reach 
the insulating and the sealing material. The 
insulated metal covering may lie in the ionised 

a gas space without any direct electric connection 
and carry a positive potential. Further, it may 
be in electric contact with the casing of the vac 
uum, annealing and melting furnace and be even 
earthed. The metal covering of the lead-in con 

40 ductor may also be insulated with respect to the 
casing, in addition to being insulated from the 
conductor and carry a different voltage than the 
casing or the conductor. The screen of the con 
ductor is preferably so shaped as to avoid as 

45 much as possible the presence of edges and points. 
The insulation and sealing of the conductor 

is preferably provided outside the vacuum, an 
nealing and melting furnace, so that they are 
easily accessible. The conductor may preferably 

so be constructed as a round hollow member, the 
inner wall of which is capable of being cooled 
by a cooling means, such as air, oil or Water. 
The wall of the furnace may be provided with 

a cooling device at the point of contact with the 
spackings and insulation. Also the metal cover 

ing of the conductor may be made hollow and 
capable of being cooled. The cooling has the 
advantage that any metal vapor formed during 
the annealing condenses on the cooled screen or 
lead-in conductor before the insulator is reached 
thus protecting the insulator against heat. 
By thus constructing the lead-in conductor 

according to the invention it is possible reliably 
to introduce into the vacuum chamber of the 
furnace large Outputs at high voltage, even in O 
the case of great development of heat on the 
electrodes. 
The lead-in conductor for vacuum, annealing 

and melting furnaces hereinbefore described can 
be advantageously employed for all voltages to be 
introduced into the chamber of a vacuum fur 
nace, irrespective of the fact whether the lead 
in conductor is required for a cathode, anode or 
auxiliary electrodes. Also, in the case of aux 
iliary circuits, for instance, for electrical devices, 
such as driving means, it enables the supply of 
electrical energy to be reliably effected with any 
desired current intensity and any desired volt 
age. It retains its advantages when use is made 
of direct current or alternating current volt 
ages and rectified alternating current voltages. 
It has been found Suitable even when use is made 
of a high frequency voltage of any desired fre 
quency. 
A further characteristic of the invention is that 

the insulator covers the flange of the conductor 
completely with respect to the vacuum chamber 
Of the furnace. The insulator is in that case 
preferably provided with a groove in which the 
metal screening sleeve is fitted at a short dis 
tance from the conductor. 
A further feature of the invention resides in 

the fact that the conductor is surrounded by a 
plurality of concentric metal coverings, which 
are arranged in an insulated manner and at a 
short distance with respect to one another and 
to the conductor. The metal coverings may carry 
different voltages with respect to one another and 
the conductor. In order to regulate the dis 
tribution of the voltage on the metal coverings d 
use is preferably made of condensers or resist 

CeS, 
The invention has the advantage that, owing 

to the gradation of the voltage between the in 
dividual metal coverings, high voltages can be 
reliably introduced in the vacuum furnace in 
the case of large powers. The device offers a 
Special advantage when the lead-in conductor is 
used in metallic furnaces wherein the high volt 
age is applied between the wall of the furnace g 
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and the conductor. Both the conductor and the 
wall of the furnace may carry the negative volt 
age. The same advantages are obtained with the 
lead-in conductor when the direction of the cur 
rent is continuously varied, as is, for instance, 
the case when an alternating current voltage is 
applied. By using a lead-in conductor such as 
described it was possible to apply voltages up to 
10,000 volts and more, and powers of 100 kilo 
watt and more, without in any way damaging or 
destroying the insulating part, even with a long 
period of operation. 
The invention further relates to a lead-in con 

ductor for electric vacuum, heating and melting 
furnaces, the characteristic feature of which is, 
that a gap is provided all around between the 
conductor so narrow that no glow discharge can 
take place therein with the existing vacuum and 
the voltage which is applied. The distance of the 
insulator from the conductor is less than 10, 
preferably 3 to 0.1 millimeter. Moreover, the gap 
is preferably made of labyrinth shape, in order 
to hinder the penetration of charge carriers out 
of the vacuum space. 
The present invention avoids the difficulties 

hitherto encountered with lead-in conductors 
Owing to the undesirable glow and arc discharges 
at the point where the lead-in conductors enter 
into the vessel, which would otherwise lead to the 
destruction of the sealing and insulating mate 
rial. The lead-in conductor allows powers of 
100 kW. for voltages of a few thousand volts to be 
reliably supplied to vacuum apparatus of any de 
sired construction in which the wall of the vessel 
forms permanently or temporarily the cathode. 
A direct or alternating current voltage may be 
applied to the lead-in conductor. 
The invention is illustrated by way of example 

and diagrammatically in the accompanying 
drawings, in which 

70 

Fig. 1 is a sectional elevation of electrical 
heated vacuum annealing and melting furnace. 

Fig. 2 is a sectional view of another form of the lead-in assembly. 
Fig. 3 is a sectional view of another type of Screening sleeve. 
Fig. 4 is a sectional view of a lead-in con 

ductor similar to Fig.2 showing a modified screen 
assembly including the electrical connections thereof. 
In Fig. 1 there is shown an electrically heated 

annealing or melting furnace for metallic or 
non-metallic material, in which the wall of the 
furnace is neutral or is connected as an anode 
with respect to a cathode introduced therein in 
an insulated manner, and in which the material 
to be annealed in the furnace constitutes the 
cathode and the electrically heated gas between 
the cathode glow fringe and the anode consti 
tutes the heating element for the material to be 
heated. The vacuum annealing and melting fur 
nace consists of a lower part 94 and a removable 
upper part 95, which are connected together in 
an airtight manner by means of packings 96 and 
97 and which form the anode individually or 
together or are neutral. The upper part 95 which 
is for instance made in the form of a hood is pro 
vided with a jacket 98 to which the cooling 
medium is supplied through the pipe 99 being 
discharged through the pipe 00. Further, an 
opening is provided in the upper part, which 
Opening is closed by an inspection window 0. 
A vacuum pump, which is not shown, is con 

s 
nected to a pipe connection 02 arranged in an 
insulated manner in the lower part 94, by means 

2,239,84. 
of which prap a pressure of preferably 10.0 to 
0.05 millimeter of mercury is maintained within 
the housing. The lower part 94 is also provided 
with a pipe connection 3 which is also insulated 
with respect to the anode. 04 and 5 are in 
sulating rings, whilst 606 and Oa are insulating 
and clamping rings. A regulated amount of 
falling gas may be introduced through the pipe 
02 by means of a regulating valve which is not 

shown. According to the material which is to 
be annealed the filling gas may be an inert gas, 
Such as argon, krypton, xenon, helium, or a re 
ducing gas such as hydrogen, hydrocarbons or 
the like. Nitrogen, ammonia or similar gases 
may also be used when it is intended to produce 
an effect for instance on the metal to be an 
nealed. Gases or vapours may be supplied which 
produce a chemical action on the material to be 
annealed. The anode 08 which is screened by 
the metal bottom plate is arranged in an in 
Sulated and Screened manner in the lower part 94. 
The lead-in conductor 09 is made hollow and 
to which a cooling medium is supplied by a pipe 
f0 which cooling medium is discharged through 
the pipe . Between the anode 08 and the 
lower part 94 of the vessel there is a narrow 
larinth-like gap which is so narrow that no load 
discharge can take place therein. A similar nar 
row labyrinth-like gap is provided also between. 
the anode 08 and the cathode lead-in conductor 
09. The lead-in conductor 09 carries by means of an electrically conducting screening pin 2, 

for instance a conducting plate 13, on which the 
material 4 to be annealed is placed. The lead 
in conductor 09 is connected to the negative 
pole of a source 9 of direct current. Instead 
of a source of direct current is use may be 
made of a source of alternating current. Instead 
of the annealing material 4 a crucible may be 
used which may for instance be of carbon or of 
Ceranic material, such as beryllium-oxide, or of 
metal to receive the material to be heated or 
fused. 5 and 6 are insulating rings and 
is an insulating and clamping ring which is 
clamped by means of Screwing means not shown. 
f8 is a cooling channel into which the cooling 
(medium is introduced. 
The lead-in conductors hereinbefore described 

are Suitable for direct current as well as for al 
ternating current such as multi-phase currents, 
for instance three phase currents. 
The form of construction illustrated in Fig. 2 

includes the characteristic that the metallic 
Screening sleeve 3 is constructed as a hollow 
body capable of being cooled, to which the cool. 
ing medium is supplied through the pipe 32 and 
discharged through the pipe 33. 34 is an in 
Sulating member and 35 is the clamping ring of 
insulating material, while 36 is a packing ring. 
The feature of the construction shown in Fig. 3 

is that the metallic screening sleeve surrounding 
the conductor 3 consists of a cooling coil 37 hav 
ing a supply pipe 38 and a discharge pipe 39, 
which are introduced in an airtight manner 
through the bottom 2 of the vessel into the vacu 
um furnace. p 

Referring to the form of construction illus 
trated in Fig. 4, the metallic wall of the vacuum 
chamber is shown at 2 into which the conductor 
3 is introduced through a hole in the wall. The 
conductor is hollow and cooled by a cooling 
medium, such as water, oil or air. The cooling 
medium is introduced through the pipe 4 and is 
discharged through the pipe 5. The conductor 3 
is surrounded by a plurality, for instance four, 
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2,219,614 
cylindrical metal sleeves 6a, 6b, 6c and 6d. which 
are provided at one end with a flange, while at 
the other end they project into the chamber of 
the furnace to Such an extent that no discharges 
or metal particies can extend from the Space with 
the furnace through the narrow annular spaces 
between the conductor 3 and the sleeve 6a, as 
Well as between the other sleeves to the insula 
tion and packings which are arranged outside the 
Vacuum chamber. The insulating rings for the 
sleeves are shown at Ta, b, c and 7d. The 
flange 0 of the conductor 3 is firmly clamped by 
means of a ring of insulating material and 
screws 2. Current is supplied to the conductor 
3 by the lead 4. Resistors 59, 60, 6 and 62 and 
Condensers are provided for regulating the volt 
age on the screening sleeves. By means of the 
lead-in conductor hereinbefore described volt 
ages up to 10,000 volts can be applied without 
destroying the insulation, even in the case of 
high temperatures in the vacuum furnace. 
What we claim is: 
1. In an electric vacuum annealing and melt 

ing furnace, a sealed Separable metal casing 
adapted to Support a gas discharge therein, said 
casing having an opening in the wall thereof, a 
hollow coolable conductor extending into the 
casing through said opening, a flange carried by 
the outer end of said conductor, metal screening 
means surrounding the conductor and spaced 
therefrom at such a Small distance as to prevent 
the gas discharge from extending outside said 
casing through Said space, an insulating mem 
ber arranged between said flange and the outer 
surface of the casing, said insulating member 
having a groove therein forming a continuation 
of the Space between the conductor and the 
Screening means. 

2. In an electric vacuum annealing and melt 
ing furnace, a sealed separable metal casing 
adapted to support a gas discharge therein, said 
casing having an opening in the wall thereof, a 
hollow coolable conductor extending into the 

3 
casing through said opening, a fange carried by 
the outer end of said conductor, a metal screen 
ing sleeve extending into the casing through said 
opening and surrounding the conductor and 
Spaced therefrom and Spaced from the casing 
Within the opening at such small distances as to 
prevent the gas discharge from extending outside 
Said casing through said spaces, a fiange carried 
by the Outer end of said sieeve, an insulating 
member arranged between said flanges, and an 
insulating member arranged between said casing 
and the flange carried by the sleeve. 

3. In an electric vacuum annealing and melt 
ing furnace, a sealed separable metal casing 
adapted to support a gas discharge therein, said 
Casing having an opening in the wall thereof, a. 
hollow coolable conductor extending into the cas 
ing through said opening and spaced from the 
casing within the opening, a hollow metal coil 
With the convolutions thereof engaging adjacent 
turns of the coil surrounding the conductor and 
Spaced therefrom to provide a continuation of 
the Space between the conductor and the space 
Within the opening, the ends of said coil extend 
ing Outside Said casing for permitting a cooling 
medium to be moved through the coil, and means 
arranged outside the casing for insulating and 
Sealing the conductor with respect to the casing. 

4. In an electric vacuum annealing and melt 
ing furnace, a sealed separable metal casing 
adapted to support a gas discharge therein, said 
casing having an opening in the wall thereof, a 
hollow coolable conductor extending into the 
casing through said opening, a flange carried by 
the outer end of Said conductor, metal screening 
means surrounding the conductor and spaced 
therefrom at such a small distance as to prevent 
the gas discharge from extending outside said 
casing through said Space, and an insulating 
member arranged between Said flange and the 
outer surface of the casing. 

BERNEHARD BERGHAUS. 
WILHELM BURKHARDI. 
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