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ABSTRACT

A closed-circuit television (CCTV) system was developed to upgrade the remote-viewing
capability on two oralloy (highly enriched uranium) casting furnaces in the Y-12 Plant. A
silicon vidicon CCTV camera with a remotely controlled lens and infrared filtering was
provided to yield a good-quality video presentation of the furnace crucible as the oralloy
material is heated from 25 to 1300° C. Existing tube-type CCTV monochrome monitors
“were replaced with solid-state monitors to increase the system reliability.
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SUMMARY

Closed-circuit television (CCTV) systems used for monitoring the induction casting of
oralloy in the Oak Ridge Y-12 Plant were not yielding adequate video presentations of
the melting material as it was heated from 25 to 1300° C. An experiment was performed
to determine the light-level compensation range needed 10 maintain a good contrast
picture as the material’s incandescence changed during the heating process. This
experiment showed that a 20,000:1 compensation range was required. Since the
compensation range of the existing cameras was only 4000:1, new cameras were specified
and installed. Existing tube-type video monitors were also replaced with new solid-state
monitors to improve the overall reliability of the system. Operational tests' of the new
CCTV systems produced good-quality video presentations as the furnace was heated from
25 to 1300° C.



INTRODUCTION

Two induction furnaces are used by the Metal Preparation Division of the Oak Ridge Y-12
PIant(a) for casting oralloy billets. Since these -furnaces are housed within neutron vaults to
'provide-a‘safe working environment, remote operation of all in-process furnace monitoring
and control equipment is necessary. Figure 1 is an illustration of a typical induction furnace.
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. Figure 1. EXPERIMENTAL CLOSED-CIRCUIT TELEVISION ARRANGEMENT FOR VIEWING AN INDUCTION
CASTING OPERATION. '

Each furnace has two monochrome CCTV systems to provide remote visual verification of
in-process operations. One CCTV system is used for observing the stack-loading operation at
the bottom of each furnace. (Arrangement of the fire brick, mold, and crucible is called the
“stack’’.) A second CCTV system provides a view of the top of the crucible to verify two

(a) Operatéd by the Union Carbide Corporation’s Nuclear Division for the Department
of Energy.



important events during a normal. furnace-melting cycle: (1) proper thermocouple
positioning within its receptable in the crucible, and (2) conformation of molten material
flow from the crucible to the mold. Thermocouple position is critical to obtaining ‘a precise
measurement of-the crucible temperature; which, in turn, affects the material purity: The
only positive way to know that material. has flowed-into the mold is by observmg the
crucible during the pouring event. el Ly

There were two problems associated with the second CCTV system (used for observing the
crucible in each furnace): (1)-a good contrast picture of the crucible could not be
maintained as the material was heated from 25 to 1300° C; (2) the existing camera vidicon
tube was subject to image burn in and target damage when expdsed to’ high -intensity
illumination from the incandescent oralloy and crucible. This report describe$ the action
taken to correct these problems.



VIDEO MONITOR FOR CASTING FURNACES
‘ EXPERIMENTAL STUDY AND OBSERVATIONS

As noted in Figure 1, an existing CCTV camera was temporarily positioned over the glass
port normally used to measure the crucible temperatures with an optical pyrometer. This set
up made it possible to determine the illumination range needed to maintain good-quality
" video presentations during casting operations. A CCTV monitor and video-tape recorder
were interconnected to the camera, and a 50-mm, /1.8 lens was installed. Three
neutral-density filters of 1, 10, and 24% transmission; four narrow-bandpass filters passing
wavelengths of 561, 610, 828, and 1057 nm, and an infrared blocking filter were used in
~ various combinations throughout the experiment.

Three typical casting operations were observed and recorded. During each operation, the
crucible was observed as its temperature ranged from 25 to 1300° C. Thermocouple
positioning, material melting, and material flow from curcible to mold were observed.
Throughout the casting operation, several combinations of lens aperture and filters were
tried and correlated with the video recording.

From these experiments, the following information was obtained:

1. Using only neutral-density filtering, an illumination adjustment range of 1.4 x 106:1 was
. required for good contrast video.

.. 2. By employing infrared blocking filters, which provide 106 attenuation of radiated energy
above a 1-um wavelength, an illumination adjustment range of 20,000:1 was adequate
for maintaining good contrast video.

3. Narrow-bandpass filters, having the wavelengths previously I'isted, provided' Iiftle
advantage in this application.

UPGRADING THE VID‘EO SYSTEM

Since the existing CCTV camera had only a 4000:1 illumination adjustment range, a new
CCTV system was recommended. Specifications for the new camera include: (1) a 20,000:1
- automatic illumination adjustment range, (2) a 15 to 150-mm f/2.5 zoom lens with remote
control of the zoom, focus, and manual iris override movements, and (3) a silicon vidicon
image tube which has a high resistance to image burn in and target damage due to high-level
illumination. Two infrared blocking filters, each having 103 attenuation for wavelengths-
above 1 um, were used to prevent vidicon saturation. To increase the overall reliability of



each CCTV system, monochrome CCTV monitors were recommended to replace the
existing tube-type monitors. Figure 2 provides a pictorial representation of the crucible
monitoring system. - S
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Figure 2. REPRESENTATION OF THE CRUCIBLE CLOSED-CIRCUIT TELEVISION MONITORING SYSTEM.

VIDEO SYSTEM INSTALLATION AND EVALUATION

After procuring all camera components, two CCTV systems were installed on the oralloy
casting furnaces. An adjustable camera-mounting fixture was designed with the aid of Metal
Preparation Division personnel, and one fixture was welded to the top of each furnace.
Figures 3 and 4 provide views of these installations. Alignment of each camera was
facilitated by using a portable CCTV monitor within the vault to achieve the desired view of
the crucible and thermocouple. A typical view of the crucible area is seen in Figure 5.

Evaluation of each CCTV system consisted of an initial test of all system functions, and an’
operational test consisting of observing the crucible during a typical casting sequence. All
remote controls functioned properly during the initial test, after minor adjustments of the
electrical and optical components were completed. During the operational test, each furnace'
was heated until the crucible temperature changed from 25 to 1300° C. The automatic
illumination adjustment of each camera maintained a high-resolution, good-contrast video.
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Figure 3. CLOSED-CIRCUIT TELEVIS ON CONTROLS AND MONITORS FOR THE DRALLOY CASTING FURNACE.
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Figure 4. CRUCIBLE-MONITORING CLOSED-CIRCUIT TELEVISION CAMERA FOR THE ORALLOY CASTING
FURNACE.
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Figure 5. TYPICAL VICW OF THE ORALLQY-CASTING-FURNACE CRUCIBLE.



12

presentation throughout the heating cycle. With testing complete, the CCTV systems were
integrated into the normal casting activities.
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