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New generation Electric Arc Furnaces

The potential for full automation of the Electric Arc Furnace (EAF) is explored in this paper, by 
means of a description of key technologies. These technologies include robotics and non-contact 
sensors that act individually and in combination, to improve process consistency and productivity, 
while reducing operating costs. Increased automation also provides great a opportunity for 
improvement in safety, as these technologies result in the removal of operators from risky 
locations around the furnace. The overall aim is to work towards fully remote EAF operation. 

AUTOMATIC TEMPERATURE AND 
SAMPLING ROBOT
In environments that pose considerable risk to humans, robot 
technology has much to offer electric steelmakers. A robot 
can execute certain demanding tasks with high precision, 
sampling the melt and determining the temperature so that 
they can be carried out safely and effi ciently.

Automatic temperature and sampling robots 
(Figure 1) enable acquisition of melted steel properties 
inside the furnace, the operator being protected from 
splashes and heat radiation, far from the slag door. 
The robot is capable of six axis rotational movements, 
introducing its arm into the furnace through the slag 
door and imitating operator movements during sampling. 
Robot movements must be predefi ned to ensure precise 
repeatability and that the robot is fully integrated into 
the plant’s automation systems.
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r Fig 1 Automatic temperature and sampling robot

Equipment must also be properly protected against heat 
radiations and scrap falls. This is achieved using a heavy 
industrial robot, insulated with a stainless steel cover 
with temperature control. The lance is water cooled, to 
guarantee long life and proper protection for the cabling 
and the measuring lance sensor. All the mechanical 
components are carefully shielded from heat and slag 
radiation by metallic protections. 

Tools for the robot, such as sample and temperature 
measurement cartridges, and a camera, may be stored in a 
specially designed warehouse. This increases operational 
safety and keeps personnel out of dangerous locations. 
Shorter power-off times are also achievable, due to 
fast, consistent sampling operations and a fl exible 
system, with easy installation in narrow spaces, 
automatic cartridge exchange and free selection of the 
sampling point.
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AUTOMATIC SLAG DOOR
Every EAF melting cycle involves the formation of new slag 
followed by its safe removal. In cooperation with leading 
steelmakers, a combined automatic slag door and slag 
channel cleaning device has been developed. During EAF 
operations, solid scrap tends to accumulate in the tunnel 
that extends through the furnace wall, from the furnace 
interior to the slag door opening, limiting the access for 
the sampling and injection equipment. Furthermore, in that 
area the generated slag also tends to be cold and in large 
quantities. As a result, operators must regularly clean out 
this area by means of specifi c devices, such as oxygen lances 
or mechanical pushers. This technique is highly dangerous 
for the operating personnel. A concept for the automatic 
slag door is shown in Figure 2.

The opening width of the door is matched to the upper 
shell design, with lifting and lowering actuated by two, 
internally water-cooled hydraulic cylinders, each with 
position transducers. The working pressure is 160bar and 
the hydraulics are controlled via a joystick in the main 

r Fig 2 Concept for automatic slag doorr Fig 2 Concept for automatic slag door

r Fig 3 Automatic EBT sand fi lling system

control pulpit. This design incorporates a lever type lifting 
and lowering mechanism, with guide rails, which reduces 
the risk of failure of the mechanism and saves space. 
This is particularly useful for furnaces where the upper 
shell has a relatively small height. The wall height of the 
slag discharge tunnel is so designed to limit the risk of 
overfl ow, and hoses have a short radius to limit exposure 
to radiating heat.

The benefi ts of this design include an overall increase in 
safety, by reducing the presence of workers in the working 
platform. The furnace is better sealed with improved 
cleaning around the door. These improvements make 
the sampling operation easier, minimise scrap losses and 
reduce sound emissions. Within the furnace, a foamy slag 
is more readily produced, reducing electrode, carbon and 
refractory consumption. Productivity increases are achieved 
by reducing the power-off time and this, combined with 
the other measures mentioned above, results in an overall 
reduction in energy consumption.  

AUTOMATIC ECCENTRIC BOTTOM TAPHOLE 
(EBT) SAND FILLING SYSTEM 
After each tap, the Eccentric Bottom Taphole (EBT) of an 
EAF needs to be refi lled with sand, to seal it before starting 
the next heat. Often this operation is done manually. The 
operator must climb onto the EBT balcony, which can be 
both risky and time-consuming. With the aim of avoiding 
this, Sarralle has developed an EBT fi lling tool for safe 
and effi cient EBT sealing, controlled from the EAF Control 
Room. The system is composed of a sand storage hopper 
installed in the EAF roof in the EBT area. Sand is charged 
inside the hopper by means of big-bags. EBT sand feeding 
can be made in semi-automatic mode or automatic mode 
(Figure 3).

Semi-automatic mode 
After every tap, the furnace is tilted back by approximately 
3°, to allow the EBT hole to be fi lled with sand. By means 
of a water-cooled camera installed in the hopper, the 
operator monitors the EBT hole status in a dedicated screen 
from the control room and actuates the hopper opening 
cylinder. Once the EBT is successfully fi lled, the hopper is 
closed and the furnace is ready for the next heat 

Automatic mode 
The time for fi lling the complete EBT hole with sand, 
for both new and worn EBT refractory rings, should be 
determined during cold testing. The automation program 
has to be designed accordingly. The sand feeding time 
must be increased from heat to heat, starting with 
the installation of a new ring, through until EBT ring 
replacement. After each tap, the furnace is tilted back to 
where it was before, allowing sand to feed into the EBT 
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hole. By means of a water-cooled camera installed in the 
hopper, the operator, for safety reasons, monitors the EBT 
hole status in a dedicated screen from the control room, 
and actuates the program as described above.

The main benefi ts of the automatic EBT sand fi lling 
system include greater operational safety, with all operators 
removed from potentially dangerous locations.  Reliability 
is also improved, with a more user-friendly fi lling practice, 
and an increased speed of operation means a shorter 
power-off time and a reduction in tap-to-tap times. If the 
automatic system is used, then it is possible to evaluate 
the wear condition of the refractory ring.

EBT OPENING ROBOT 
The EBT opening robot system consists of a heavy 
industrial six axis robot, insulated with a stainless steel 
cover for temperature control and installed in a protected 
position, to avoid exposure to radiant heat. Fitted under 
the tilting platform, this allows similar movements to be 
performed as by the operator (Figure 4). In cases where 
there has been a failure to open during the tapping 
operation, an oxygen lance can be connected to the robot, 
providing a safe and automatic solution for EBT opening. 
The unclogging operations are handled fully automatically 
and controlled by the operator from a keypad on the desk 
panel. The operator has the possibility to take manual 
control in extraordinary cases.

The system comprises an anthropomorphic, six axis robot, 
that is air-cooled and protected by stainless steel panels. 
The ‘Teblar’ fl exible case bearing is rated up to 1,200°C, 
and in the resting position the equipment is protected from 
radiation and sparks. The control system is programmed 
for repetition of movement with a fast connection for the 
replacement of consumable lances.

EAF INTERNAL INSPECTION CAMERA
EAF internal cameras operate in conjunction with the 
temperature and sampling robot (Figure 5). They consist of 
a specifi c lance, equipped with cameras that can enter in 
the furnace and carry out a 360° inspection of the status 
of the panels, refractories, high speed panels and injectors. 
The images captured by the inspection tool are transmitted 
to the supervision station. This station, installed in the 
existing control pulpit, allows the operator to view the 
pictures in real time and to manage the inspection cycle.

EBT CLEANING DEVICE 
A device has been developed (Figure 6), located below the 
EAF, that can be used to clean the EBT in safe conditions. 
The system consists of a telescopic design attached to the 
EBT platform. A rotating mechanism ensures collisions 
with the lower part of the bottom shell are avoided. 
Rotation of the cleaning head is achieved by use of a 

pneumatic motor. As with other automation technologies, 
the main benefi t of this system is the removal of a human 
presence in the EBT area, for a safe cleaning operation.  
Automation also offers greater precision in the cleaning of 
EBT refractory rings and a reduction in maintenance time 
and shutdowns.

EBT INSPECTION AND 
SLAG DETECTION CAMERAS
The EBT inspection camera is use to both check the EBT 
area and confi rm the level of the tapped steel in the ladle 
(Figure 7). A ruggedized design of camera is suitable for 
harsh environmental conditions and enables the control 
of the steel level in the ladle to a pre-defi ned position. 
Auto-tapping is also possible.

Figure 7 also shows a vision system to control and prevent 
the carry over of slag from the EAF to ladle during tapping. 
Based on decades of experience in designing EAFs, this 
camera in the EBT area helps minimize the slag quantity 
going into the ladle when tapping the furnace.  The latest 
generation of the technology can cope with dust and 
general conditions in the melt shop, without experiencing 
detection problems. The detection principle is based on 
the thermal difference between slag and steel. The aim 
of this equipment is to signifi cantly reduce the processing 
cost of the steel, it also gives advance warning of ladle 
hotspots and can be connected via OPC and ethernet to 
central information systems.

Information from the camera system can be used to 
support decision making on the repair and renovation 
of ladle refractory linings. An increase in ladle lifetime 
of 10-15% is possible, generating cost savings, reducing 

r Fig 4 Stand by lance shifting and EBT hole opening positionsr Fig 4 Stand by lance shifting and EBT hole opening positions
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maintenance and improving operational costs. A 25% 
reduction in the cost of ferro-alloys and deoxidizers 
used in the ladle can also be achieved, with an overall 
improvement in safety.

CAMERA FOR FURNACE SHELL AND 
LADLE MONITORING 
Thermal imaging cameras may be located around the 
furnace, or ladle, to monitor and record the temperature of 
the shell. In both instances the development of hotspots 
may be detected with the use of alarms and data sharing 
via OPC and ethernet. The main benefi t is a cost saving 
in refractory repairs as the data is used to inform the 
refractory maintenance and replacement strategy.

AUTOMATIC TAPPING
Automatic tapping can be achieved by a combination of 
the slag detection camera and the EBT inspection camera. 
Both cameras are provided with programmable relays 
that are connected to the PLC. These relay settings are 
confi gured in the camera software to send the necessary 
signals to the PLC, to control the auto-tapping system. 
With these two cameras and the ladle weight, the auto-
tapping system may be controlled. The PLC controls the tilt 
of the furnace for automatic tapping, taking into account 
the ladle weight, slag quantity and steel level in the ladle. 

The furnace tilting sequence is stopped when the ladle 
achieves its target steel weight, or steel level. It will also 
be stopped if the proportion of slag in the tapping stream 
exceeds a control value. In any of these instances, the 
furnace fast return is activated and the auto-tapping 
sequence is stopped. If during the auto-tapping sequence 
the tilting joystick is actuated by the operator, the auto-
tapping sequence is deactivated and tilting commands 
revert to manual mode. If the ‘Stop Auto-Tapping’ button 
on the keypad is pushed by the operator, the auto-tapping 
sequence will be deactivated and tilting commands will go 
to manual mode.

CONCLUSIONS
The latest technologies for safe control of modern EAFs 
have been presented. Clearly, the future is to evolve from 
manual actions to an EAF with total automation, all 
governed from a single control room. Higher degrees of 
automation will affect the reliability and repeatability of 
the processes in such a way that they will maximize overall 
effi ciency of the plant. MS
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r Fig 5 Concept of automatic temperature and 
sampling robot with inspection camera

r Fig 7 Slag detection and EBT inspection cameras

r Fig 6 Automatic EBT cleaning device


