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The Tata Steel Advanced Analytics 
program

Use case: steel ladle impact pad 
wear

Background
Approach
Outcomes

Agenda
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We started our AA program in 2017, got recognized for at scale 
implementation in 2019 and continue rolling out the Digital Roadmap in 2022

Vision WEF recognition Digital roadmap
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We started with an Advanced Analytics pilot and quick value 
assessment before onboarding on a full AA transformation

Use 
cases

Wave 2Quick value 
assessment

Run about 5-10 waves and 15-20 wake waves per year

Wave 3
Decision for 
AA program

Wave 4

Pilot on 
quality issue Use case 1

Wave 8 Wave 12

Wave 6 Wave 10

Wave 7 Wave 11

Wave 5 Wave 9

Enablers

Develop standard AA approach Setup AA CoE of 5 FTE

Continued AA Academy Update & improve AA Academy

Setup data platform Build out data platform

Added Digital Roadmap for Manufacturing to scope AA CoE

Launch AA Academy Wake waves 
(8-10x) 

Formalized support to 
Wake waves (20x)

2018
Pilot & Train to transform

2019
Scale

2020 
Sustain

2021 
Expand beyond AA
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Results

New skills & 
ways of working

Build the IT infrastructure

Create the AA ecosystems (external
partnerships, internal AA community & culture)

A

B

C

D

Vision : Create 
one of the leading 
manufacturing 
analytics enabled 
plants in the world

Creating a state of the art cloud based IT & Data infrastructure
[Hadoop / Azure] for data storage, processing and analysis

Support Sustainable Profit objective with delivery of annual EBITDA run-rate 
uplift

Ensure an active cross fertilisation within the AA community 
inside Tata Steel and with the outside world

The Tata Steel AA program consists of 4 elements

Build new capabilities through
 AA academy to train & certify >400 Advanced Analytics professionals in 

different rolls and skill levels (at least 20 experts)
 New “digital” ways of working (Digital Apps & Dashboards, “Agile” project 

management)
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Capture 
data

Define 
Problem

Imple-
ment

Indus-
trialize

1 2 10 119

Define 
Measures/ 
Optimizer

AA 
Project

Clean
data

Analyze/ 
discover

Develop 
process 
model

Improve

Structure 
data

Store 
data

3 4 5
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Standard, structured AA use case approach to run 
cross-functional teams uniformly

Data Scientists 
(often from process or 

quality Centre's of 
Expertise)

Data
Engineers 
(Local IT)

Scrum Master

Product 
Owner

Business 
Translator:
Bridge between 

Project and the 
Operation

Subject Matter 
Experts

Cross-functional team with 
domain-expertise at the core

Tata Steel Ijmuiden AA use case approach

A standard, 
structured AA use 
case approach 
helps to
 Deploy use cases 

uniformly across 
teams and plants

 Create one 
language about 
stage of AA use 
case 

 Clarify non-
debatable  
intermediate 
products

 Make it easy for 
AA CoE to jump in 
and support use 
case teams

Agile way of working
 4-7 (FT) team members

 PO and MSE’s part time involvement

 Synchronised in time

 Ideally co-located, however very positive 
experiences with virtual co-location
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Steel ladle impact pad wear
Example of AA wake wave
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Situation: impact pad wear is limiting ladle life
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Impact pad

Bottom
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Hypothesis tree is used as basis for data gathering

9

Refractory wear in 
Impact pad 

Materials

Construction 

Process 

Ramming joint

Product quality

Impact pad

Bottom

Safety lining

For all materials used, average:
Product name
Chemical composition
Density
Porosity
Hot strength
Flexibility
Permanent growth / shrinkage
Thermal expansion
Creep

Thickness of bricks

Shape of bricks

Impact pad design

Construction environment

People

Thickness of impact pad
Thickness of bottom

Average brick size
Average brick shape

Ladle life

Shape of impact pad (pie or landing strip)

Temperature in bricking stations during installation of unshaped materials 

Shift colour during installation of impact pad

A/B campaign 
Age of impact pad
Impact pad repair in current campaign (yes/no)

Expansion
Average joint width (between bricks)
Bottom joint rammed or cast
Quality of installation of bottom joint

Ladle treatment (route)

Steel quality

Casting 

Logistics

Tapping

Ladle temperature

Ladle preparation

Disturbances

Dryers (DS1/2), heaters (WHS20/24/25) & last minute burners (LMB21/22/23):
- time
- final temperature
- deviation from setpoint
- amount of gas
- amount of oxygen
- installation ID
Duration of ladle empty since previous heat
Duration of lid on ladle since previous heat
Time between end LMB and start tapping
Number of complete cool-downs in current campaign
Shift colour

Chemical composition of steel (carbon, calcium, aluminium, silicon & titanium) Chemical reaction between steel and impact pad material (corrosion)

Oxidation of carbon in impact pad material by oxygen in steel Oxygen level of steel

High tapping temperature leads to thermal shock or to more creep of bricks

Using the same tapping position in subsequent heats leads to more wear
Tapping position determines position of wear

Higher steel flow during tapping leads to more wear by erosion

Additions (early) during tapping lead to wear by chemical reaction (corrosion)

High purging rates during tapping lead to more wear by erosion

Open joints during tapping lead to steel  penetration and spalling

Steel temperature during tapping

Tapping position (A, B or C)
Convertor number
Ladlecar number
Autotap (yes/no)

Tapping time
Actual heat size (tonnes of steel in ladle)
Calculated heat size (tonnes of steel in ladle)
Taphole type
Taphole age

Larger angle of impact stream leads to higher and/or more local wear Tapping angle (start of tap or first x tonnes of steel)

Additions during tapping:
- Type
- Amount
- Time

Purging during tapping and after (PSI):
- Gas flow
- Gas pressure
- Purging time

Calculated temperature of ladle refractories at time of tapping
Time ladle empty since previous heat
Steel contact time in previous heat
Steel temperature in previous heat
Heating since previous heat (DS/WHS/LMB)

Type of ladle treatment influences wear

High steel temperature leads to more creep of bricks

Long treatment times lead to more creep of bricks

High purging rates lead to more wear by erosion
The effects of purge plugs and lance are different

Higher circulation rate of steel during RHOB treatment leads to more wear by erosion

Steel temperature at start of treatment
Steel temperature at end of treatment
Duration of electrical heating at ladle furnace
Amount of power used for electrical heating at ladle furnace

Type of ladle treatment (RHOB, Stirring station or ladle furnace)

Duration of ladle treatment

Circulation time at RHOB
Circulation flow at RHOB

Purging during ladle treatment using purge plugs:
- Gas flow
- Gas pressure
- Purging time
Purging during ladle treatment using lance:
- Gas flow
- Gas pressure
- Purging time

High steel temperature leads to more creep of bricks

Long casting times lead to more creep of bricks

Casting temperature (start of cast)
Casting temperature (end of cast)

Casting duration

High casting rates lead to more wear by erosion Casting rate

Poor preheating of new ladle leads to spalling
Cold ladle during tapping leads to open joints and spalling
Long heating leads to oxidation of carbon in bricks
Fully cooling down and heating up again leads to damage
Preference of proco and paco influence logistics

Cleaning of ladle bottom leads to damage

Exchanging purge plugs leads to damage

Way of cleaning
Shift colour
Time spent on ladle preparation
Purge plug 1 replaced (yes/no)
Purge plug 2 replaced (yes/no)

Number of steel returns in current campaignReturn steel leads to extra wear

Ladle switch affects wear Ladle switch (yes/no)

Step in thickness at edge of impact pad leads to cracks

Condition of sidewall influences wear A or B campaign

Long contact times lead to more creep of bricks

Amount of slag (skull) remaining in ladle from previous heat
Cleaned at tilter (yes/no)
Chemical composition of slag in previous heat
Time between end of cast & slag tipping (for previous heat)

Leftover slag from previous heat protects against wearPrevious heat

Total time steel in ladle (start tap  end cast)

More expansion allowance leads to wear because of open joints

Larger bricks lead to less wear (less open joints)

Difference in thickness between impact pad and bottom leads to wear

Shape of impact pad influences ware rate and pattern

Low temperatures during ramming / casting of materials leads to more wear

Extreme weather conditions lead to lower build quality and therefore higher wear

Weather conditions:
- Temperature
- Humidity
- Air pressure 

Build quality not uniform over all shifts

Higher working pressure in bricking stands leads to lower build quality
# of ladles under construction during installation of the impact pad
Time between start ‘GOB’ and start of drying cycle
Time taken to build ladle

Amount of temporary workers employed during installation of impact padLess skilled bricklayers leads to lower build quality

Properties of selected materials influence wear

Deviations in product quality lead to higher wear Deviation of properties from average / specification (for all above properties)

Composition of converter slagAggressive converter slag leads to chemical reaction (corrosion)

C
ategories

H
ypotheses

Variables
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Priorities are ranked by experts
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Priority ID Hypothesis Total score 
(from 6)

1 1 Properties of selected materials in impact pad influence wear 5
2 2 Properties of selected materials in bottom influence wear 5
3 39 Cold ladle during tapping leads to open joints and spalling 5
4 38 Poor preheating of new ladle leads to spalling 4
5 50 Leftover slag from previous heat protects against wear 4
6 3 Properties of selected materials in ramming joint influence wear 3
7 11 Difference in thickness between impact pad and bottom leads to wear 3
8 18 Chemical reaction between steel and impact pad material (corrosion) 3
9 21 Using the same tapping position in subsequent heats leads to more wear 3

10 24 Higher steel flow during tapping leads to more wear by erosion 3
11 40 Long heating leads to oxidation of carbon in bricks 3
12 41 Fully cooling down and heating up again leads to damage 3
13 25 Additions (early) during tapping lead to wear by chemical reaction (corrosion) 2
14 28 Open joints during tapping lead to steel  penetration and spalling 2
15 29 Type of ladle treatment influences wear 2
16 43 Long contact times lead to more creep of bricks 2
17 5 Deviations in product quality in impact pad lead to higher wear 1
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Data is imported from a range of databases and files
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241

95

60

32

19
19

Mainframe

PI
MainframeText files

Excel files

Laser meas

Ref. QC DB
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Laser scanner can be used to quantify wear

 Thickness of refractory lining in service is measured frequently using a laser scanner.
 Results presented graphically and used by operators to help decide on taking ladles out of service.
 Results also stored  can be used for analysis of wear and wear mechanisms.

12

laser wall

bottom
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Target function: average thickness change in target area per heat
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Location of thinnest spot in last 3 heats

Frequency

Impact pad

Target area

98% of ladles out 
of service on 
impact pad has 
thinnest point in 
target area
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Model performance improving but not to desired level
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Main refinements

31 2 754

0,4

0,3

0,5

0,2

0,7

0,8

0,6

0,1

0,9

6

1,0

39%

R2

18%

18%

21%
26%

Resulting model performance

▪ Data cleaning and features
– 801 variables from 6 data sources
– Reduced to 82, based on expert session
– Addition of synthetic variables (features)

▪ Target function 
– Different target functions did not result in 

increase in R2

▪ Data selection & quality
– Anomaly detection to remove faulty data

▪ Data selection & quality
– NA fixing on certain variables

▪ Model Type
– MARS performing best

1

2

3

4

Week
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Sequence of ladle treatment has biggest influence on wear

15

1

2{
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No predictive model, but very important insights
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2 Current spread in tap position does not lead to 
spread in wear over the impact pad

3 Ladle treatment type has a large impact on build-
up and removal of slag

1 Location of thinnest point in the impact pad is 
dependent on ladle life

4 Ladle furnace treatments result in almost no 
slag/skull build-up on the impact pad 
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Local wear is a result of overlapping positions

 Number above plot is estimated tap stream diameter in mm. Positions A, B and C always overlap, 
regardless of tap stream diameter. Position of highest intensity depends on tap stream diameter.

17
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Tapping intensity calculated from cumulative tapping position

 Tapping intensity calculated based on actual tapping positions from plant 
database and assuming different values for tap stream diameter.

 Average wear profile (dotted line) at end of life calculated from laser scan data
 Best correlation found for tap stream diameter of 500 mm

0.000

0.005

0.010

0.015

0 50 100 150 200 250
Distance from sidewall [cm]

Ta
pp

in
g 

in
te

ns
ity

 / 
w

ea
r

Variable
Tap width 400 mm

Tap width 500 mm

Tap width 600 mm

0.000

0.005

0.010

0.015

0 50 100 150 200 250
Distance from sidewall [cm]

Ta
pp

in
g 

in
te

ns
ity

 / 
w

ea
r

Variable
Tap width 400 mm

Tap width 500 mm

Tap width 600 mm

Wear at end of life
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Introduction of alternative tapping patterns

 At 500 mm tap width, there is strong overlap for ABC, less for DEF and none for DF (assuming zero 
deviation).

19
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Pattern

Existing pattern (ABC)

Simulated new pattern (DEF)

Advise: increase tapping spread to improve ladle life

 Tapping intensity reduced by ~30% by new pattern
 2/3 of wear in impact pad is caused by tapping  ~20% reduction in total wear
 ViU model shows 20% lower wear could result in up to 13 heats higher ladle life

-30%
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Reduced wear is result of improved materials and tapping
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Conclusions

 Roll-out of Advanced Analytics at Tata Steel has been very successful and resulted in major EBITDA 
uplift

 This success has been enabled by investing in people, IT infrastructure and the creation of an AA 
ecosystem.

 AA projects follow a standard, structured approach.
 Personal experience:

– Even if your (AA) project does not go as planned, it can still deliver great results.
– Using agile approach (limited time, small team, focused on result) for AA projects works well.
– Developing general data science skills helps me most in my daily work. Advanced techniques are 

also important but have a smaller area of use.
– Applying AA is fun!
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Do you have any questions?

Tata Steel
Warbout Tesselaar
Principal Researcher
Centre of Expertise Refractories
warbout.tesselaar@tatasteeleurope.com

www.tatasteeleurope.com
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