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Abstract

It's useful to know the extent of the refractory lining damage condition before beginning BF

shaft gunning repair. Furnace operators will be able to plan a furnace repairs with adequate

consideration. Furthermore, it will be possible to judge if the repair attempt was successful.

Our company has developed the observational Auto-BX, which makes it possible to see the

whole circumference of the BF shaft lining making it possible to see a more detailed view of the

refractory lining than with conventional visual observation. In this report, we will describe this

equipment.
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1. Introduction

Because the refractory lining of the shaft
is damaged by iron ore and coke movement,
gunning repair is necessary for furnace wall
protection. So, repairing the BF shaft with gun-
ning materials has been commonly performed
as one of the various measures for prolonging
blast furnace life. Our company has been manu-
facturing Auto-BX:automatic gunning repair
equipment for BF shafts.

In visual observation, we were not able to
visually observe the lining conditions such as
the concavo-convex level and dead zone in detail.
Moreover, there was a risk of CO gas inhalation
from the furnace during visual observation.

Therefore, we developed observational Auto-
BX which makes it possible to see the whole
circumference of the BF shaft lining. The
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Fig. 1 Outline of dry-gunning system in BF
shaft.
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following is a description.
2. Outline of Observational Equipment

Fig. 1 shows an outline of the gunning system
for BF shaft repair. Our conventional Auto-BX
is hung from a manhole. It can be operated by
hoists. The nozzle is rotated in order to gun.

The complete circumference of the BF shaft
inside is lighted by a halogen lamp within the
Auto-BX.

An operator wears an air-line mask, and
performs the gunning operation while observ-
ing the state of the gunned body. However, The
BF shaft cannot be observed without an air-line
mask. We installed observational equipment in
the Auto-BX in order to observe the situation of
the BF shaft by monitor.

Fig. 2 shows a system flow diagram of the
observation equipment in the BF shaft. The
camera consists mainly of a camera for BF
shaft repair, electric cable, control box, monitor,
and recording device.

Figs. 3, 4 show the appearance of observa-
tional Auto-BX. To protect the camera from
dust and rebound material, and the BF injec-
tion shoot, it is stored in the camera room
during installation (Auto-BX inserting, cleaning,
gunning) and raised above the Auto-BX by a
camera raising device.

Observational Auto-BX has the following
characteristics and functions.

1) Camera Functions
The Camera has the function of endless
rotation and tilt for observing the whole
circumference of the BF shaft. It also has
the functions of focus, iris, zoom, and can
be operated by remote control from outside
the furnace.
2 ) Cooling of camera room
The furnace temperature is 350C when
Auto-BX is inserted to the BF shaft.
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Fig. 2 System flow diagram of observation equipment in BF shaft.
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Fig. 3 Appearance of observational Auto-BX (Automatic gunning nozzle).
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Fig. 4 Schematic diagram of observational Auto-BX (Automatic gunning nozzle).
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Therefore, Auto-BX must be cooled by air
through the Auto-BX control cable hose to
protect the internal electric devices. Because
of the camera’s 50C heat resistance temp
a lower installed at Auto-BX, we needed
cooling air value than that obtained with a
conventional cooling system was required.

So an advanced cooling system which
ends air through the camera control cable
hose was developed.

Camera raising device

Required functions for the camera rais-
ing device are compact size for storage in
a narrow space in the camera room, and
long stroke in order to raise it to see the
whole circumference of the BF shaft. Thus,
a ball-screw type actuator is installed in
the camera raising device which has the
properties of low load and high-precision
motion.

Dust prevention measures

The camera must permit observation at
350C in the dusty environment of the BF
shaft, and take clear image.

To prevent dust from entering the cam-
era, the outside of it is covered with heat-
resistance glass. The structure of the glass
enables a uniform air flow, creating an air
curtain along the surface of the glass.
Observational direction

It is important to make the observational
direction clear to record and compare the
refractory lining condition. The observa-
tion direction is marked on the inside of
the heat-resistant glass. The lining damage
condition can be easily recorded with this
function.

Camera control box and monitor

Camera control box and monitor can
be set in a limited area near the top of
the BF manhole. These devices need to
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Fig. b Appearance of camera control box.

be protected from dust and shock. Thus,
the camera control box and monitor are
installed inside a duralumin case as shown
in Fig. 5. These devices are not affected by
dust when not in use because the case lid
is closable.

3. Advantages of BF Shaft Observation

Auto-BX with BF shaft observation has the
following advantages.
(WVisibility of complete circumference lining

condition

It is possible to observe in the whole circum-
ference the BF shaft lining condition including
the dead area, because the camera can be
rotated infinitely. Furthermore, we are able to
know the side of repair area before installation,
and confirm the gunned surface condition and
missed areas. As a result, more accurate gun-
ning is possible than before.
(2Detailed observation of local BF shaft areas

The camera has a zoom function. Detail of the
lining condition in local areas can be observed
using the zoom function. Detailed observation
images can be used for repair planning such as
gunning, cooling panel exchange, injection etc.
(®Recording of observation images

The above observation images are recorded
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as moving and still images providing history of
use and surface condition after gunning.

4. Conclusion

With this equipment the lining damage and
gunned surface condition of the whole circumfer-
ence of the BF shaft can be assessed, recorded,
and used for repair planning.

However, when we observe the repair condi-
tion and history of use in specific areas, the
observation angle is required to be the same,
but it is difficult to place the camera at exactly
the same point. We intend to further develop a
locating technique in order to observe from the

same angle.



