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1. Introduction

This document is concerned with the flowcharts of the procedures to be implemented
for the detection of relevant events and the proposed corrective actions. The simple solution
represented by these basic procedures will then be overcome by more advanced data fusion
strategies (e.g., using artificial intelligence), more sophisticated and human-like decision
strategies (e.g., using fuzzy logic instead of standard logic), and sensitive parameters to be
fine-tuned by advanced optimization approaches (e.g., those based on evolutionary
computation) once data from the first system test campaign tests become available.

2. Procedures - monitored events and conditions -
suggested actions

In the next chapters the flow charts of the procedures, their monitoring objectives and the
corrective actions they should suggest against the detection of poor process condition or
equipment malfunction.
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2.1

Deslagqging Extent

Time and extent of deslagging are important aspect of effective and well managed
operative practice. Frequent and lasting deslagging are index of not well managed operative
practice: manual improvement of deslagging control and operator compliance are the
corrective actions to suggest.

Deslagging extent

Time and Extent of deslagging are important
aspect of effective and well managed operative
practice .

from preprocessing unit:
- images from slag door
front and side cameras
- likely ongoing deslagging

—

from PLC:

- Heat current phase
- EAF tilting angle

s Heat phase

Consteel or

Superheating
73

Yes

is deslagging
in likely progress
?

sing insights derived from intelligent
analysis of all available heterogeneous data
and Al models, evaluate the deslagging
practices and their effectiveness for the heat.

If any concerns are identified, generate
warnings and/or recommend appropriate
remedial actions

Increment the samples countel
and take a new 1-second
sequence of images, along
with the EAF tilting angle

Through images analysis, assess

the average extent (mostly low,

moderate or high), with or without
EAF tilted deslagging side, of the

likely occurred deslagging in the
time interval of the sampled
sequences of images and

reset the samples counter

deslagging occurrences
Yes|details: start-end time,
extent and yes/no EAF
tilted deslagging side

previous phase
Costeel or
Superheating

—
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2.2 Electrode replace detection and tip shape classification

The level of side oxidation, indicated by the shape of the electrode tip and assessed
through image analysis when the electrode is lifted for replacement, allows for the detection of
water cooling and/or air suction issues: manual adjustment of cooling water rate and/or air
suction are the corrective actions which could be suggested.

Electrode replace detection and

The level of side oxidation, indicated by the shape of

tip shape classification

the electrode tip and assessed through image
analysis when the electrode is lifted for replacement,
allows for the detection of water cooling and/or air

from EAF PLC:
electrode clamp status
electrode holder arm
position

/ suction issues.

tlamp open ON
and
holder arm position

<MP

By using the insights derived from intelligent
analysis of all available heterogeneous data
and Al models, any potential water cooling

and/or air suction issues are evaluated as the
cause of electrode one side high oxil

Was it No

underway before?

If any concerns are identified, warnings
and/or recommend appropriate remedial
actions are generated.

Apply the PTZ and shutter
presets of normal field view

Apply the PTZ and shutter
presets to focus on the tip of
the lifting electrode being
replaced

MP (Min Position)
=200

Count an Electrode replace
occurrence and, from the images
analysis of the tip shape, classify the
electrode as either evenly consumed
or exhibiting high oxidation on one

side
m ' $-x
3 I""

E
A
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2.3 Electrode slipping interception

The interception of electrode slipping allows for several considerations, including the
number of heats between electrode slips and any significant differences in the number of heats
between phase electrode slips: check for frequent slipped electrode water cooling issue and/or
electrical run set points are the investigation and corrective actions to suggest.

Electrode slipping interception

The interception of electrode slipping allows for
several considerations, including the number of
heats between electrode slips and any significant
differences in the number of heats between phase
electrode slips.

from EAF PLC: [
electrode clamp status
electrode holder arm
position

i

|

Clamp open ON attention for No
aod S electrode slipping
holder arm position detection ON

>PT

Reset attention for
electrode slipping
detection

clamp open O

set ON attention for electrogle
slipping detection

Count a slipping
occurrence of phase n
Electrode

PT (Position Threshold) = 1500
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2.4 Electrodes requlation efficiency- Set Points versus Process Value

The efficiency of the electrodes regulation is precondition for furnace best performance
capacity. So the continuous monitoring of such key indicator is essential for implementing
appropriate corrective actions. To check for malfunction of the electrode regulation system is
the investigation action which could be suggested.

Electrodes requlation efficiency - Set Points versus Process Values

The efficiency of the electrodes regulation is

from EAF PLC: precondition for furnace best performance
e  Heat current phase capacity.
e phase1,2 3 . So the continuous monitoring of such key

- kA set point value

indi ri ntial for implementi ropriat
- kA process value cator is essential for implementing appropriate

corrective actions

Save ripple average value of
Yes |previous Heat phase.

~ "|Reset counter and summation

for the Heat new phase

New Heat phase

current phase is
a Heat operative phase and
A process value is
> MIN

By using the insights derived from intelligent
analysis of all available heterogeneous data
and Al models, potential causes of poor
performance are evaluated to generate
recommendations for appropriate remedial
actions.

for the Heat running phase, increment the
samples counter and separately for phase 1,
2,3%

add to the summation of n phase the
absolute delta between Process value and
Set point value and compute the average
Ripple value : =
summation average, divided by Set Point MIN = 0,5 kA
value and multiplied by 1000.
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2.5 Process condition & Electrode requlation efficiency - power factor average values

The average power factor values achieved in t

he different phases of the heat depend

on the process conditions and the efficiency of electrode regulation. Higher power factor values
indicate better process conditions and more effective regulation. Therefore, continuous
monitoring of this key indicator is essential for implementing appropriate corrective actions: In
case of low average values, the investigation action and/or the correction action which could
be suggested are to check for malfunction of the electrode regulation system and/or to improve
the slag management practice to grant foaming slag condition.

Process condition & Electrode regulation efficiency -
power factor average values

from EAF PLC:
e  Heat running phase
o  Power factor at transformer
secondary side
Electrical current at

The average power factor values achieved
depend on process conditions and the
efficiency of electrode regulation. Higher
power factor values indicate better process
conditions and more effective regulation.
Therefore, continuous monitoring of this
key indicator is essential for implementing
appropriate corrective actions.

Eave the Power Factor

Heat.
Reset counter and

phase

verage value achieved in
e previous phase of the

summation for the Heat new

current phase
Consteel or Superhetaing
and kA process value
> MIN

Increment the sample counter, add the new
value to the power factor summation and
calculate the current average power factor till
now achieved in the ongoing phase of the
heat.

MIN = 0,5 kA

By using the insights derived from intelligent
analysis of all available heterogeneous data
and Al models, potential causes of poor
performance are evaluated to generate
recommendations for appropriate remedial
actions.

10
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2.6 Slag appearance classification

The appearance of the slag, whether liquid, crusty, or foamy, while exiting the slag door
during the Consteel and Superheating stages may provide valuable feedback on the
effectiveness of additive practices and the efficiency of oxygen and carbon injection control.
To monitor these factors, the slag appearance is ranked during each deslagging intervals
through the analysis of streams of images: adjustment of the additive practice and manual
adjustment of oxygen and carbon injection that could be suggested.

Slag appearance classification The appearance of the slag, whether liquid, crusty,
or foamy, while exiting the slag door during the
from Préprocesimg Ur'"t: ot o Consteel and Superheating stages may provide
= images from siag door frontand side valuable feedback on the effectiveness of additive
o cameras ) o
- notification of deslagging in progress .pr.actllces and the efficiency of oxygen and carbon
from PLC data: injection control.
- loading sequences of the Slag formers To monitor these factors, the slag appearance is
- injection profile of oxygen and carbon ranked during each deslagging intervals through the

- Heat current phase

analysis of streams of images

s Heat phas:
Consteel or
Superheating

No

Using insights derived from intelligent
analysis of all available heterogeneous data
and Al models, evaluate the additive

practices and oxygen and carbon injection
control and their effectiveness for the heat.

If any concerns are identified, generate
warnings and/or recommend appropriate
remedial actions

crusty
or liquid ?

SN = samples Nr =10 Tncrement for the
Heat-phase the counter
of foamy slag detection

|

Increment the samples counter and take
a new 1-second sequence of images

Classify the appearance
of the slag through the
———=lanalysis of the sampled
sequences of images and
reset the sample counter

Increment for the

Yes |Heat-phase the counter
of crusty or liquid slag
detection.
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Sustained and consistent slag foaming is essential for maximizing energy transfer and
minimizing arc radiation to the sidewalls and roof. Therefore, continuous monitoring of this key
indicator is essential for implementing appropriate corrective actions with suggestion for

adjustment of the additive practice and manual adjustment of oxygen and carbon injection.

Slag Foaming Index

from EAF PLC:
e  Heat running phase
e  Oxygen injection rate
e  Carbon injection rate
e THD (Total Harmonic
Distortions)
e  Power ON condition
from preprocessing unit:
®  Acoustic traces

Sustained and consistent slag foaming is essential for
maximizing energy transfer and minimizing arc radiation to
the sidewalls and roof. Therefore, continuous monitoring of
this key indicator is essential for implementing appropriate
corrective actions. A Heat-phase global average Slag
Foaming Index is derived from values of Slag Foaming
Index computed every 10 seconds from last registered 10
values of foaming height (related to THD and/or acoustic
traces) and CO gas velocity.

A global average Slag Foaming Index is considered
optimal when in the 1+4 range.

s Power ON

and Consteel or

Superheating
?

increment the sample counter and:

. register a new value of foaming height
correlated to current THD level (and/or
acoustic traces)

. based on current Oxygen and Carbon
injection rate compute and register a new
value of CO gas velogity

By using the insights derived from intelligent
analysis of all available heterogeneous data
and Al models, potential causes of poor slag
foaming performance are evaluated to
generate recommendations for appropriate’
remedial actions.

compute new Slag Foaming
Index, by averaging the

registered values, and compute,

for the Heat-phase, the Slag
Foaming Index global average.

SN = samples Nr =10
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2.8 Slag Oxidation level

The KPI related to the level of slag oxidation is used, along with other KPIs associated
with slag quality, to provide feedback on the oxidation of charge materials and the effectiveness
of additive practices. Therefore, continuous monitoring of this key indicator is essential for

implementing appropriate corrective actions which could be adjustment of the carbon injection.

Slag Oxidation Level

The KPI related to the level of slag oxidation is used,
along with other KPIs associated with slag quality, to

from preprocessing unit:

e notification of extensive
deslagging in progress.

e temperatures map in the
fixed slag measurement
region of the thermal

camera.
from EAF PLC:
e Head Id. No

e  Heat running phase
e time in the phase

is
Superheating
?

new deslagging
occurrence

sef new array and computation
counter for recording the slag
average temperature values in
the new occurrence of

extensive deslagging which
started at the notified time.

> increment the computation
counter.

> from the temperatures map,
compute a new value of
slag average temperature.

provide feedback on the oxidation of charge materials and
the effectiveness of additive practices. Therefore,
continuous monitoring of this key indicator is essential for
implementing appropriate corrective actions. The average
temperature of highly oxidized slag (with a high FeO
presence) is expected to be lower than that of
low-oxidized slag (with a low FeO presence) due to
increased radiation loss, which results from the higher
emissivity of slag with elevated FeO content.

By correlating the measured values of slag FeO content
(from slag analysis) with the slag average temperature,
temperature ranges for low, medium, high oxidized slag

will be defined.

By using the insights derived from
intelligent analysis of all available
heterogeneous data and Al models,
potential process causes of excessive
slag oxidation could be evaluated to
generate recommendations for
appropriate remedial actions.

13



Doc: Procedures for KPIs calculation

Date: 22.01.2025
Page: 14 of 14
Deliverable: D3.1
Dissem.Level: PU

2.9 Slag reactions sensing and ranking

In the Consteel phase, while the furnace is being fed with scrap from Consteel, a
dangerous slag reaction may occur. This can be detected by monitoring the development of
significant natural deslagging, with the furnace not tilted towards the deslagging side and
increase in CO content in the fumes. By monitoring these conditions, the full development of
a dangerous slag reaction can be prevented through appropriate countermeasures
(interruption of Consteel charge and oxygen/carbon injection), offering significant advantages
in terms of safety and production continuity.

Slag reactions sensing and ranking In the Consteel phase, while the furnace is being fed with
from preprocessing unit: scrap from Consteel, a dangerous slag reaction may
- notification of deslagging in progress occur. This can be detected by monitoring the
- slag average temperature of hottest spots in the fixed development of the following conditions

measurement region of the thermal camera.

- images from EAF front view optical camera . )
from PLC data: e Significant natural deslagging, with the furnace not

- Heat current phase tilted towards the deslagging side

- Furnace tilting angle e Anincrease in CO content in the fumes
- scrap feeding rate

- loading sequences of the Slag formers . s
- injection rates of oxygen, lime and carbon By monitoring these conditions, the full development of a

- fumes CO content dangerous slag reaction can be prevented through
appropriate countermeasures, offering significant
advantages in terms of safety and production continuity.

New CO value in the
samples array for moving
average computation to
determine an ongoing
increase.

Using insights derived from intelligent analysis
of all available heterogeneous data and Al
models, evaluate any other potential

contribution to the development of slag reaction
during Consteel phase. If any concerns age
identified, generate warnings and/or

recommend appropriate remedial actions,

deslagging with EA
not tilted 2

Yes L
imake a snap shot of all the signals,
measures and images, and
increment the samples counter.

Based on the rise in CO content in the
fumes and slag temperature level,
classify the sensed condition as either
Potential Riskiness (CO increase
suggests an early warning of a possible
slag reaction) or Actual
dangerousness (CO levels Indicate an
active slag reaction)

_Reset the sample counter and increment
the Heat counter for the riskiness or actual
danger of the slag reaction.

_Link the last 10 seconds of data
snapshots and images to the Heat counter.

el

SN1 = samples Nr =10
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