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Safety Measures for TD Gunning Equipment and Improvement of
Work Efficiency
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Abstract

East Nippon Steel Works Kimitsu District 1 Steelmaking Factory TD Maintenance Site The automatic coating
material gunning equipment was introduced for the purpose of protecting TD lining bricks and speeding up the
processing of bullion, but the equipment has been used for more than 30 years. If various parts are confirmed to have
deteriorated over time or have been discontinued, and the equipment becomes unusable, work efficiency will drop
significantly. In this report, safety measures for gunning equipment and improvement of work efficiency are embodied
by changing each drive unit of the machine from hydraulic control to electrical control, and by incorporating on-site
gunning know-how into the control program.
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1 Introduction

1 Steelmaking TD maintenance site The automatic
coating material gunning equipment was introduced for
the purpose of preventing the bullion from being inserted
into the TD lining brick and protecting the brick surface
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during the bullion processing to speed up the bullion
processing work. This equipment was introduced in 1987
and has been in use for more than 30 years, and extensive
deterioration has progressed in mechanical products such
as gun nozzles and lance drives, hydraulic systems, and
control electrical products, and the construction quality
standards have been deviated. In addition, many repair
parts have been discontinued, and in recent years there has
been a possibility that automatic gunning itself would not
be possible due to the inability to repair. If automatic
gunning is not possible, the inside of the TD will be
preheated to 60°C or higher, and then will be applied
manually, resulting in poor work efficiency.

Therefore, while improving work efficiency, we
examined safety measures for movable equipment, and
started the renewal procedure in 2019 and tried to fully
automate the TD gunning work.
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Table 1 Risk assessment before improvement

Risk level evaluation Responding to risks Needs improvement
Acceptable risk |Check regularly 3
Small risk Risk reduction pending and check regularly 3
111 Big risk Interim measures and risk reduction plans 18
Unacceptable  [Perform risk reduction 14
Significant risk  |Promptly implement risk reduction 6
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2 Update equipment contents
2+1 Equipment safety

The equipment safety standards shall meet the
safety standards of Nippon Steel East Nippon Works
Kimitsu District.

2+2-1 Risk assessment before improvement

Table 1 shows a table of risk assessments conducted
before improvement. The contents include accidentally
putting out a hand or body in the movable area and getting
involved in the dolly, falling from the movable equipment
and getting involved in the dolly. The higher the risk of

severe illness, the higher the risk level.

212 Safety when entering mobile equipment

A safety fence of H2200 mm was installed around
the movable range of the TD gunning equipment, and a
trap key was attached to the door of the safety fence. In
addition, the trap keys installed on the safety fence must
be replaced before they can enter the TD gunning
equipment, and prevented anyone other than the worker
from entering the equipment.

In addition, by separating the entrances for
gunning work and maintenance, it is possible to determine
whether the worker is on the equipment or in the
maintenance pit. Fig.1 shows the positional relationship of
the trap keys.

2+1°*3 Prevention of falling from equipment

The equipment for workers to board has a two-
story structure, the height of the first floor is 2050 mm
higher than the work deck.

H2200mm safety fences were installed on each of
the 1stand 2nd floors of the gunning equipment to prevent
workers from falling off the equipment.
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Fig. 1 Equipment layout and trap key position.

2:1-4 ba1—<>I5—HIE

FEXClE, i3 5 TD OFfEFHAY 1CC/TD,
4CC/TD @ 2 fEFEAF T 5. 1CC/TD & 4CC/TD
I OGRS - IF - RS & THRLLL, HEBIRA
DFIREFIZFRA %5 LA XV - 52 27 TD
BE\ZHE ik LRG3 A fakhid 72,

COrH) b a—~r LT —%W{TH, TD THO
PR RESICTHRTE AL v —%ikl), (v
Y=ty 7 OXFREFT5720
2:2 fAKHBERLICESZTELEEL

WAHER Z e B LT 2412, K717 T4
OVEE K OMBIEE PLC 7027 54D EE 17572,

2:2-1 BEHY—RFIH

X 2 2B i o0 WA 2 1 oD il ) i
BOKAHEEEOHIHE T 2 7R3

PERIL, JEAT - ZVEERIO AT LB A 1T -
TBY, W7 T AR - 7 OVIEB)ZEE LTIl
JEBIGIFIC LAY DOADHIHE 7 o T Wz,

Aelbl, FEAT - 2 RVEERIZZT Tld % AT - TV A
Al BRI —RHIE, 2 ZVEB A > — & HH
2§52 8T, PEROMAFEEEIZ A S Bl I &
LEEAL R TREE L7z,

ST, X3 I E

2+1°*4 Human error reduction

In the Kimitsu District, there are two types of TD
to be maintained: 1CC / TD and 4CC / TD. Since the
depth, width, and length of the gun surface are all different
between 1CC / TD and 4CC / TD, there was a risk that
the gun nozzle lance would come into contact with the TD
wall and be damaged if an incorrect input was made when
automatic gunning was selected.

In order to eliminate such human error, a sensor
was installed so that it could be discriminated by the size
of the iron skin at the bottom of the TD, and measures
against interlock were taken.

2+2 Fully automated by improving gunning accuracy

In order to fully automate the gunning work, the
gunning program was created and modified, and the PLC
program was changed.

2+2+1 Electric servo control

Figure 2 shows the control points of the gunning
equipment before the update, and Fig. 3 shows the control
points of the gunning equipment after the update. In the
past, hydraulic proportional control was performed only
for traveling and nozzle turning, and for rampant
movement, lance lifting and lowering, and nozzle tilting,
only switching was controlled by a hydraulic solenoid
valve.

This time, not only traveling and nozzle turning,
but also rampant movement and lance lifting and lowering
are controlled by electric servo, and nozzle tilting is
controlled by inverter, which enables stabilization by 5-axis
control compared to the conventional gunning equipment.
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Fig. 2 Previous gunning equipment
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Fig. 3 Current gunning equipment

2+2+2 Distance adjustment with the gun surface

Perform alignment once before gunning with 1CC
/ TD and 4CC / TD, and check that the nozzle and lance
do not touch. After that, the material was gunned onto
each TD, the adhesion of the material and the rebound
condition were confirmed, and the distance from the
gunned surface was adjusted.

2+2+3 TD gun unevenness correction

Check the gunning condition by the same
procedure as 22+ 2. If uneven gunning is confirmed, the
gunning program will be modified each time. At that
time, the trajectory of the gun nozzle was confirmed on the
drawing, and the traveling speed, rampant speed, height,
and turning timing of the nozzle were confirmed and
corrected by actual material gunning,

224 Automatic adjustment of water content

There are three types of TD gunning classification:
Kabe (or Wall), Daki (or Bottom Corner) and Shiki (or
Bottom) and each has a different amount of water.
Therefore, in the conventional work, the worker manually
adjusts the water content for each gunning category.

As an improvement, the PLC program was changed
so that the water content could be adjusted automatically
when entering each gunning category, eliminating the
need for the operator to change the water content during
gunning work. In addition, since the amount of water
changes according to changes in temperature, etc., the
settings before gunning can be easily changed.



Table 2 Results after safety measures

Risk level

Before improvement

After improvement

3 32
3 12
18 (0]
14
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equipment while the gunning work was being performed,
and the gunning work time was the restraint time of the
worker.

By implementing the four improvements described
above, gunning operations can be performed from the
remote operation panel installed outside the safety fence,
there is no longer any time to enter the equipment during

gunning work and restrain workers.

3 Evaluation after equipment improvement
3+1 Equipment safety

Table 2 shows the changes in risk level before and
after improvement.

By implementing safety measures against entering
the movable range and falling from the equipment, it was
possible to prevent serious accidents caused by being
pinched, involved, and falling. In addition, by reducing
equipment failures due to human error, we were able to
take safety measures not only for workers but also for
equipment.

3+2 Gun accuracy

Table 3 shows the reference values of construction
thickness, and Table 4 shows the results of gunning
accuracy immediately after equipment update and after
program change.

Compared with the gunning surface of all Kabe,
Daki and Shiki immediately after the update, stable
gunning within the reference value became possible.
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Table 3 Thickness reference value
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Construction thickness
colour Kabe Daki,Shiki
L <5 <25
15-16 25-26
17-18 21-28 Reference
19-20 | 29-30 value
21-22 31-32
>22 >32
Table 4 Gunning accuracy result
1CCTD gunning 4CCTD gunning
Immediately after update | After program adjustment | Immediately after update | After program adjustment

Kabe thickness[mm]

Daki thickness[mm]

Shiki thickness[mm]
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3 +3 Work automation and efficiency

Figure4 shows a graph of the restraint time for
gunning work before, after updating the equipment, and
after changing the program.

Although the time could be shortened before and
after the equipment update, the operator had to be on
board the equipment at all times, there was wasted time.
After that, we succeeded in improving the gunning
accuracy by changing the program, etc., and made it
possible to start the gunning work from the remote
operation panel.

As a result, the operator was not restrained by the
equipment, and it became possible to perform another
operation in parallel during the gunning operation time.
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4 Summary

With this equipment renewal, safety measures and
efficiency improvement of gunning work were
implemented. In order to improve work efficiency, it was
necessary to include the uneven gunning of refractories in
the reference value, and even after the equipment was
introduced, the gunning work was witnessed and the
program was adjusted many times.

The gunned state of refractory is not perfect yet,
and there is room for improvement in variation and
unevenness within the reference value. We will continue to
design programs with higher accuracy, further improve the
efficiency of gunning work, and improve the gunning
quality.

In regarding  the
implemented for full automation this time, it is possible to

addition, improvements
improve not only the TD gunning equipment of East
Nippon Steel Works Kimitsu District, but if the other
steelworks have similar gunning equipment, improvements
for full automation can be possible.
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