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APPARATUS FOR VIEWING THE INTERIOR OF
FURNACES
Heimut Gruber and Helmut Scheidig, Hanau am Main,
Germany, assignors to W, C. Heraeus G.m.b.H.,
Hanau am Main, Germany, a corporaticn of Germany
Continuation of application Ser. Ne. 772,795, Nov. 19,
1958, This application Mar. 7, 1962, Ser, No. 179,508
Claims priority, application Germany, May 29, 1958,
H 33,420
2 Claims. (Cl, 13—31)

This application is' a continuation of our application
Serial No. 772,795, filed November 10, 1958, and now
abandoned. '

The present invention relates to furnaces and more
particularly to furnaces including means for viewing the
interior of the furnaces. )

In the past many furnaces for melting metals have been
provided with windows located in the sides of the fur-
naces through which observation of the melting process
is possible. The use of such windows is generally very
inconvenient because of the high temperatures to which
the observer is exposed. Furthermore, the vision through
such windows is impaired by metal splashing and con-
densing onto the windows. While devices for cleaning
the windows can be employed, such devices are expensive
and difficult to maintain in an operating condition. Fur-
thermore, observation through such prior art windows is
possible only for relatively short times even when clean-
ing devices are employed. ]

The prior art observation windows have many other
disadvantages, especially when employed in arc furnaces.
For example, in arc furnaces the arc starts at the bottom
of a water cooled crucible and moves gradually upward
toward the top of the crucible during the melting process.
Since the crucibles employed in many arc furnaces are
more than eight feet long, observation of the arc during
the entire melting process from the side of the furnace
is impractical, if not impossible. The use of the observa-
tion windows in sides of vacuum arc furnaces is even
more impractical because of the protective walls which
generally enclose such furnaces.

To overcome some of the above disadvantages televi-
sion systems have been employed in arc furnaces. Tele-
vision cameras have been placed outside of the furnaces
adjacent a window located close to the arc. This window
is frequently covered with splattered metal and vapor
which makes continuous viewing impossible.  Further-
more, television cameras are sensitive to the magnetic
and electric fields which exist in arc melting furnaces.
Also, the television systems that have been employed do
not reproduce a picture -of the melting process in color

since color television has not been considered practical -

for this purpose at the present time. . Since the color of
the arc and the molten metal within the crucible are very
important in determining whether the arc is of the correct
length and whether any parasitic arcs exist between the
electrode and the side of the crucible, a black and white
picture of the interior of an arc furnace is of little value.

The disadvantages of the prior art system for observing
the interior of furnaces such as arc furnaces are over-
come by the present invention in which an optical ‘sys-
tem is employed for permitting remote observation of
the entire melting process in an arc furnace in true color
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without requiring continuous cleaning of a window in
the furnace. The apparatus in accordance with this in-
vention is arranged to project an image of a selected por-
tion of the interior of the furnace onto an image-receiv-
ing screen or ground glass plate located at a remote operat-
ing panel for the furnace.

Optical systems per se for reproducing an image of the
interior of an arc furnace at the control panel for the fur-
nace have been conmsidered impractical heretofore be-
cause of the distances between the window in the fur-
nace and the control panel. Such distances may vary
from sixty feet for small furnaces to one hundred feet

for large furnaces. Because of the long optical path that

is required there is a great loss of light energy. Further-
more, the amount of light energy that may be transmitted
by such an optical system must be relatively small to pre-
vent the sizes of the necessary lenses, mirrors and shut-
ters, etc., and consequently their cost, from becoming im-
practical. For the above reasons, television systems have
been used despite their great cost and other disadvantages.

It has been discovered that a purely optical system is
feasible despite the loss of light emergy occurring along
the optical path of the system because of the high level
of light intensity within the furnace. In accordance with
the present invention, there is provided in combination
with a furnace having a housing including at least one
opening and-a crucible for holding a molten metal se-
cured to a bottom portion of the housing, an apparatus
for permitting remote observation of the interior of the
furnace including a light-transparent window secured to
the housing and disposed over the opening therein, an
image-receiving screen remotely located from the hous-
ing of the furnace and an optical system coupled between
the window and the screen for projecting an image of a
selected portion of the interior of the furnace onto the
screen.

The invention will be described in greater detail in con-
nection with the accompanying drawings in which:

FIG. 1 is an elevation, partially in section, of one em-
bodiment of the present invention;

FIG. 2 is a sectional view of a furnace and optical sys-
tem for use in the apparatus of FIG. 1;

FIG. 3 is a view taken along the line 3—3 of FIG. 2
showing schematically the field of observation;

FIG. 4 is a sectional view of a portion of a furnace and
optical system in accordance with another embodiment
of the present invention; '

FIG. 4A is a schematic view of the field of observation
through one of the optical systems of FIG. 4;

FIG. 4B is a schematic view of the field of observation
through the other optical system of FIG. 4;

FIG. 5A is a sectional view of a portion of an arc fur-
nace illustrating a relatively short arc length;

FIG. 5B is a sectional view of a portion of an arc fur-
nace of FIG. 2 illustrating a normal arc length;

FIG. 5C is a sectional view of a portion of an arc fur-
nace of FIG. 2 illustrating a relatively long arc length.

Referring now to the drawing and more particularly to
FIG. 1 thereof, a vacuum arc melting system is illustrated
as including a furnace housing 1 and a cover 2 secured to
the top of the housing by suitable means. A vacuum
conduit 3 is connected between the housing 1 and a
vacuum pump 4. A crucible 5 is suitably secured to the
housing 1 in a conventional manner to hold the molten
metal and form an ingot. An electrode holder 7 is
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disposed through an opening in the top of the cover 2
and is secured at the lower end to an electrode to be
described. The electrode holder is moved up and down
by means of a motor 9 in a conventional manner. The
motor 2 is secured to the top part of a supporting frame
10 which also supports the furnace housing 1 and the
vacuum pump 4. Protective rails 11 are also carried by
the support 10 to protect the operators when inspecting
the apparatus.

The complete furnace and support 10 therefor is en-
closed in a vault, indicated generally at 12, which includes
protective walls 12A. An operating panel 13 is located
outside of the vault 12 and controls all parts of the fur-
nace in a conventional manner. To permit observation
of the arc and the melting process from the location of
the control panel 13, an optical system 14 is provided
which projects a picture or image of a portion of the in-
terior of the furnace onto an image-receiving screen to be
described. The optical system 14 includes a cylindrical
housing 14A which extends through floor members 14B,
14C and the wall 12A, as shown in FIG. 1.

Referring now to FIG. 2, the arc furnace of FIG. 1 is
illustrated in section without the support 10 to more
clearly illustrate the operation of the apparatus for per-

mitting remote observation. of the interior of the furnace.

As shown, an electrode 17 is slidably disposed within the
housing 1 by means of the electrode holder 7 which is se-
cured.to the electrode by welding or other suitable means.
An arc 16 is formed by conventional means between the
lower end of the electrode 17 and the metal or ingot 18
within the -crucible 5 which includes a water cooling coil
5A. This melting process is observed in a direction ap-
proximately parallel to the longitudinal axis of the elec-
trode 17 through the optical system 14. The cover 2 is
provided with an opening ZA therein through which the
optical system 14 enters. As shown, a vertical cylindrical
housing' 14A extends through the opening 2A and is
sealed. thereto by means of suitable vacuum seals. The
optical system 34 includes a horizontal cylindrical housing
connected to the housing 14A which extends through the
wall of vault 12, and a depending vertical cylindrical
housing exterior of the vault terminating in.a short view-
ing tube at eye level adjacent the control panel 13, The
optical system 24 also includes a plurality of lenses 19,
mirrors 20, ‘shutters 21 and a light-transparent window
22 for projecting an image of a selected portion of the
interior of the furnace onto an image-receiving screen
such as ground glass plate 15 at the end of the viewing
tube, Such mirrors, lenses, shutters, etc., are well known
.in the art and a detailed consideration thereof is not
deemed necessary here. The window 22 .is secured in a
vacuum tight manner to the end of the housing 14A that
extends through the opening 2A in the cover 2.  The
window 22 is thus positioned a long distance from the
arc and the molten metal within the crucible which sub-
stantially prevents metal from splashing and .otherwise
collecting on the window. to impair the vision through the
window. The direction of vision of the optical system
14 through the window 22 is parallel to the longitudinal
axis of the electrode 17. This direction of vision has
been found to be very advantageous in that it produces
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a picture of the interior of the crucible and of the melt

that is forming. * A control rod 19A is secured at one end

to a cylindrical slesve 19B which is slidably disposed.

within the housing 24A and secured to one of the lenses
19 as shown. The control rod 19A extends parallel to the
optical system to a point adjacent control panel 13 and
permits the focus of the optical system 14 to be changed
by moving the rod 19A up or down as illustrated. Thus
the -optical system may be focused at different points
within the interior of the furnace by merely adjusting the
position of the control rod 19A. :
Referring now to FIG. 3, there is shown a simplified
view of the picture or image projected onto the ground
glass plate 15. The shaded area of the picture represents

4

the viewed area within the furnace that is not-directly
illominated by the arc. As shown, the image 23 of the
electrode rod 7 and the image 26 of the electrode 17 are
oblique. The bottom portion of the image of the electrode
17 is surrounded by the image 24 of the inside wall of
the crucible 5 and by the image 25 of the melt forming
the top portion of the ingot 18. The image 27 of the arc
16 is shown only partially. It is simple to recognize
parasitic arcs between the electrode 17 and the crucible 5
even if such arcs occur behind the visible portion of the
electrode, since the reflection of the light created by the
arcs is visible. The height of the space in a crucible which
has not been fitted with metal is also easily recognized
in the picture or image projected onto the plate 15.

It is particularly important that the edge of the crucible,
which is a critical area, be accurately observed. There-
fore, if the optical system 14 is arranged with a fixed
focus, the system should be focused sharply on the upper
edge of the inside wall of the crucible 5. The quality of
the image of the arc burning lower in the crucible is im-
paired by such a focusing arrangement, but since the
distance between the window 22 and the arc 16 is rela-
tively great compared to the length of the crucible the
blurring is tolerable. With the system' as shown in FIG.
2, however, the focal length and focusing of the system
may be changed mechanically by sliding the sleeve 19B
and the single lens 19 secured thereto relative to the
window 22. This has the advantage of always providing
a clear image of the arc and the melt,

Referring now to FIG. 4, there is shown another em-
bodiment of the present invention in which two optical
systems, 30 and 31 are coupled to the cover 2 of the
furnace 1 to provide two views of the electrode, the melt
and the inside of the crucible.  As shown, the cover in
the furnace of FIG. 4 is provided with two diametrically
opposed openings 32 and 33 for receiving the housings
¥4A of the optical systems 30 and 31 respectively. - The
optical systems 38 and 31 are similar to the one disclosed
in FIG. 2 and include the same arrangements of window
22, lenses 19, mirrors 26, shuiters 21 and ground glass
plate 5. The images observed in each of the optical
systems 30 and 31 are shown in FIGS. 4A and 4B re-
spectively. © The two optical systems permit observation
of both sides of the interior of the furnace and thus permit
the entire electrode and ihe portion of the arc extending
laterally outwardly of the electrode to be seen in theit
entirety. A mark 29A indicating one point on the crucible
is illustrated in each of the FIGS. 4A and 4B to show
that the crucible electrode and the arc are viewed from
both sides. It is very convenient, to unite the images
FIGS. 4A and 4B in such a manner, that the looking
person has the impression, to see the whole room arcund .
the electrode end. '

Even though it may be impossible to observe the arc
itself directly, the colors appearing in the furnace and
projected clearly on.the ground glass plate 15 allow very
sood evaluation of the. arc length and the melting process:
Molten, highly heated metals have usually a red, reddish-
yellow or even light yeilow color, whereas the arc in a
high vacuum is usually blue. : .

A short arc is limited to a small area which is less-than
the area of the lower end of the electrode 17. This short .
arc is not visible on the plate 15 because of the image of
the electrode 17. (See ‘FIG. 5A.) A normal .arc is
larger or enicompasses a larger area than. the lower part
of the electrode, so that it can be partially seen on the
plate 15, whereas a very long arc produces a very intense
blue light, filling most of the inside of the crucible that,
is observed on the plate 15. This characteristic of the
arc is shown schematically in" FIGS. 5A, 5B and 5C
wherein FIG. 5A illustrates a short melting arc; FIG.
5B illustrates ‘a normal melting arc and FIG. 5C illus-
trates a melting arc that is too long. The arc 16 pro-
duces, as mentioned above, a blue light, while the image
25 of the surface of the ingot 18 is generally yellow-red
in color.
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The space between the elecirode 17 and the inside sur-
face of the crucible § is observed in the direction shown
by the arrow 35.
In the three cases illustrated by FIGS. 5A, 5B and 5C,
the picture on display on the plate 15 shows the following:

Fig. No. Display on Plate 15 Comment

SA . .. The surface 25 of glowing ingot | The arc in this instance is
18 only may be observed too short and the ingot
within the crucible. The is not well melted on the
color of the surface 25 is outside.
yellow.

5B The outside surface 25 of the | The length of the are in
ingot 18 is solid and is ob- this instance is adequate
served as yellow in color. and the ingot 18 is well
The inside surface of the melted.
ingot 18 is molten and also
observed as yellow in color.
A portion of the are 16 is
displayed in a blue color.

5C el Only the edge of the ingot 18 | The are in this instance is
which is solid is visible and too long and the ingot 18
is displayed in a yellow is not melted sufliciently
color. Most of the inside of to produce a sound ingot,.
the erucible is displayed in
a blue color indicative of the
arc 16.

The evaluation is relatively easy to make and gives in-
dications immediately as to what measures of adjustment
have to be carried out, if any.

In FIGS. 3, 4 and 5, the surface 25 of the ingot is clear-
1y visible and therefore it is easy to distinguish the molten
part of the ingot from the solidified part. It can thus
be easily observed if the ingot is molten through to the
rim, if it is molten only in the center, if it is melted at
all or if the melt is boiling too much. The apparatus
of this invention thus permits a very accurate supervision
of the melting process for the most advantagecus melting
conditions in order to obtain an ingot of the quality de-
sired.

What is claimed is:

1. In combination with a vacuum arc furnace, includ-
ing a frame supported on a floor, a vertical furnace hous-
ing of a height substantially in excess of that of a man
carried by said frame including a top wall having a central
opening and a laterally offset opening therein, an upward-
ly opening crucible in the base of said housing, an elon-
gated consumable electrode disposed over said crucible
with the longitudinal axis passing through the center of
the crucible opening, means extending through said cen-
tral opening in the top wall for lowering the electrode
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axially during the melting thereof, means forming an arc
between said electrode and metal in the crucible, a pro-
tective wall surrounding said frame, and a furnace con-
trol panel outside said wall, an optical viewing system
comprised of a vertical cylindrical housing extending
through said laterally offset opening and vacuum sealed
thereto, a light transparent window closing the end of
said cylindrical housing within said furnace housing, a
horizontal cylindrical housing extending from the top of
said vertical cylindrical housing through said protective
wall, a second vertical cylindrical housing depending from
the end of said horizontal cylindrical housing exteriorly
of said protective wall to a point substantially at the eye
level of a man standing on said floor, a horizontally off-
set viewing tube extending outwardly frem the lower end
of said last mentioned vertical cylindrical housing ad-
jacent said control panel, an image receiving screen clos-
ing the outer end of said viewing tube, and an optical
system in said cylindrical housings and viewing tube com-
prising lenses and mirrors projecting an image of the in-
terior of the crucible and the melt as it forms as seen
from a direction parallel to the axis of the electrode on
the image receiving screen at eye level adjacent said con-
trol panel, whereby an operator may view the melt and
arc and control the furnace accordingly.

2. The structure of claim 1 wherein said first men-
tioned vertical cylindrical housing includes an internally
positioned sleeve, one of said lenses being positioned in
said sleeve, a control rod connected to said sleeve and
extending parallel to said first mentioned vertical cylindri-
cal housing, said horizontal cylindrical housing, said sec-
ond vertical housing and said viewing tube to a point ad-
jacent said image receiving screen whereby an operator
viewing said screen may simultaneously focus said optical
system.
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