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Abstract

We have developed an original periscope system for high temperature furnace wall observation.

The advantages of the developed system are taking high quality pictures, operating convenience,

and operation time saving. These advantages were achieved by adoption of new technology.
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1. Introduction

Furnaces, such as hot stoves for blast furnaces
or glass melting furnaces, are required to operate
continuously for some decades without cooling.
We have been providing an inspection service
in order to observe the furnace wall under hot
conditions. Hot observation is carried out with
our original periscope system. Essentially, the
system is comprised of a small CCD camera
installed in a water-cooled probe, monitor, and
video recorder. The pictures from the CCD
camera inserted into the furnace are observed
and recorded for inspection. Previously, it took
time to take pictures of acceptable quality since

the probe required removal from the furnace to
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Fig. 1 Schematic diagram of hot observation

equipment.

Fig. 2 Appearance of camera case.
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adjust focus and / or iris. Since the conventional
system was inconvenient, we developed a high
performance periscope system which permits
taking higher quality pictures instantaneously

as well as reducing total operation time.

2. Outline of High-performance Periscope

System

A schematic diagram of the system, external
appearance of the camera case, and main speci-
fications are shown in Figs. 1, 2 and Table 1,
respectively. A small CCD camera in a camera

case captures mirror-reflected side view image

Table 1 Main specifications

[tem Specifications

Water-cooled jacket type

Camera Case, Probe . . ’
Circumference insulation

Camera case

Outer diameter ¢ 110mm

Probe Insertion

hole diameter Minimum ¢ 140mm

Maximum 1300°C
C-mount type Small CCD

Temperature

Camera type

camera
Image sensor 1/2inchCCD
Effective pixel 574H X 489V

Horizontally 470TV

Resolution Vertically 350TV
Lens Electric zoom lens

Focusing range Tm~ o

Angle of view 36° X 45°

Zoom, Focus, Iris
650W Halogen bulb

Adjustment function

Flood light It is with an illumination
adjustment function
Monitor 14 inches
High brightness LCD monitor
Recording media SD card
Max 2GB

Record capacity (For approximately 2 hours)
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Fig. 3 Camera control unit.
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coming through an electrically-powered zoom
lens. The wall is illuminated by a floodlight
installed on the tip of the camera case. A dual
pipe cooling system, in which cooling air flows
on the outside and cooling water flows on the
inside, was adopted both for camera case and

probe.
3. Concept of the Developed System

3. 1 Operation convenience

When the furnace temperature exceeds
1000C, it is difficult to enhance the contrast
on the wall due to strong light emission from
the wall. For the same reason, iris adjustment
becomes difficult as temperature rises. To
carry out such a delicate adjustment, a remote
control device was equipped so as to determine
the optimum points of the focus and/or iris
instantaneously with in-situ operation.
3. 2 Downsizing

Taking both workability and performance
into consideration, the most appropriate outer
diameter of the dual pipe camera case was
determined to be 110mm. Using 40A pipe for
the probe assures a reduction of system weight.

The camera, magnification, and illumination
controlling devices and the monitor are system-
atically arranged in a compact shock absorbable
control box (see Fig. 3) to prevent failure during

operation as well as during transportation.
4. Technologies

4. 1 Special reflector for floodlight
Adoption of a special plated high reflectivity

reflector and air cooling structure allows the
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Fig. 4 Camera case.
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system to illuminate the target with sufficient
luminosity even at high temperature ranges
(approximately 1300C). Hence, in association
with the convenient iris adjustment tools,
extremely clear images can be obtained at the
temperature range below 1100TC.
4. 2 Electrically-powered zoom lens

As can be seen in Fig. 4, a zoom lens is con-
nected to the CCD camera in the camera case.
Thanks to the electrically-powered remote
control technology of the lens, focus and iris
can be adjusted by turning knobs installed
in the control box with in-situ observation of
in-furnace conditions through the monitor. It
contributes the reduction of the total operation
time. Furthermore, the remote control zoom
technology enlarges the observation range. The
feature is favorable when the observation is car-
ried out for the large inner volume furnace such
as the hot stove of a blast furnace.
4. 3 Probe length variation

In order to apply the high-performance
periscope system to various kinds of industrial
furnaces, for instance, hot stoves, glass melting
furnaces, calcinations furnaces, and so on, the
probe length should be variable since geometri-
cal dimensions of the job site varies. Therefore,
the camera case and probe are connected with
a flange and various lengths of probes are avail-
able. Hence, optimum probe length correspond
to the local situation can be arranged.
4. 4 Integration of control devices

The integration of camera, zoom, and illu-
mination control devices in one compact shock

absorbable dust-proof control box markedly
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Fig. b Appearance of lens outer monitor induced
by noise.
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Fig. 6 Picture of hot stove wall taken by
conventional periscope system.
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improves the mobility of the system. Thus,
the continuous observation of several different
sections during a short operation time becomes
possible. The high durability of the control box,
which is attributed to shock absorbable dust-
proof characteristics, also contributes to the
handiness of the system.
4. 5 Noise reduction of the camera
controller

Occasionally, diagonal lines as shown in Fig. 5
appear on the observed images. These lines are
caused by the noise of electricity due to the effect
of welding, and it is very difficult to reduce the
noise. Hence, the system incorporates a noise
cut filter in its power supply unit to take clear
pictures even at sites which have noise in the

power source.
5. Observation Results

Figs. 6 and 7 show pictures of hot stove walls
taken by a conventional periscope system and

the improved system, respectively. It is obvious

Fig. 7 Picture of hot stove wall taken by
improved periscope system.
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that a clear picture can be obtained by the newly
developed system. The clearness is attributable

to high luminosity and fine iris adjustment.
6. Conclusion

A newly developed high-performance peri-
scope system was introduced. This system
enables not only high quality pictures but also
reduces operation time. We hope that our cus-
tomers will obtain accurate information about
the furnace lining condition and establish a

repair schedule with high accuracy.





