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EDITORIAL
DEAR CUSTOMERS,
COLLEAGUES AND
BUSINESS ASSOCIATES,
Steel and nonferrous metals are moving the world. With these
materials aircrafts take off safely, vehicles drive in an energyefficient way and wind turbines produce energy perpetually.
The crucial properties of these materials are determined right
at the beginning of their origin – by the plants and machines
of the SMS group. Our equipment covers the entire metallurgical process chain from raw materials and metallurgy to shaping through to finishing. It gives the materials the wide range
of functional properties and the high quality our customers
need for further processing and which have become indispensable for many final products today.
The crucial aspect for us is the success of our customers. Due
to close interaction of all departments and experts involved
we are able to offer, as a systems supplier, future-oriented
overall solutions from one source: from consulting and planning to mechanical equipment through to electrical and automation systems and a comprehensive and flexible service
portfolio. Our worldwide manufacturing and service network
with workshops and sales offices comprises more than 60
locations now. This means we are able to immediately, individually and efficiently respond to our customers‘ wishes at
their sites. And we can ensure plants and machines that are
tailored to specific local requirements be it new equipment or
a modernization.
Our solutions create a competitive edge. The mechatronic systems improve the quality of the products, reduce operating
costs, boost productivity and reduce the consumption of
resources.

Operators of blast furnaces, for example, increase process reliability by using the innovative automation package BFXpert
from Paul Wurth. It serves to supervise all processes in the
blast furnace. Also, in the field of crude steel production we
are taking the lead in terms of innovations. The latest example
is the Shaft Arc Furnace (SHARC). In cooperation with Hellenic
Halyvourgia SA we have developed a unique process for scrap
heating that distinctly reduces energy consumption and
thereby increases efficiency.
Together with our customers we are taking technologies to
the next level. In cooperation with Technische Universität
Clausthal (Clausthal University of Technology, Germany) and
Salzgitter Flachstahl GmbH, Germany, we have developed the
horizontal Belt Casting Technology (BCT®), a process requiring
considerably less energy and raw materials than other casting
processes. Standing out for their efficiency are our solutions
in the field of tube and pipe production. Our Ecoplants technology PERFECT® arc used for both arc and submerged-arc
welding achieves energy savings of 30 percent and, at the
same time, improves the weld seam of spiral- and longitudinally seam-welded pipes.
We transform the world of metals. Convince yourself.

Burkhard Dahmen
Chairman of the Managing Board SMS group
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OPERATION MADE EASY
METALLURGICAL PRODUCTS ARE PRODUCED IN HIGHLY COMPLEX PROCESSES. MONITORING THESE PROCESSES
PLACES HIGH DEMANDS ON THE OPERATING PERSONNEL, AS THE AMOUNT OF DATA AND INFORMATION
CONTINUOUSLY INCREASES. HERE, SMS SETS FUTURE-ORIENTED STANDARDS IN PROCESS VISUALIZATION AND
REDEFINES PLANT OPERATION. THE INNOVATIVE HMI CONCEPT PROVIDES A PRODUCTION-ORIENTED VIEW OF
THE PROCESS CONTAINING ALL RELEVANT INFORMATION. THE ERGONOMICALLY DESIGNED CONTROL PULPIT
SERVES AS WORKSTATION, CONTROL CENTER AND FIRST CONTACT POINT FOR THE EXCHANGE OF INFORMATION.

THE CONTROL PULPIT AS CONTROL CENTER
The degree of automation in metallurgical plants and rolling
mills is permanently on the rise. However, in spite of this constant progress, human operators have become anything but
redundant. The control pulpit is the hub for all plant information. SMS provides an ideal solution for the control pulpit and
the HMI. The control platform is fundamentally divided into an
operating area and a social / analysis area. During the production process, high concentration is required in the operating
area, allowing no room for distraction. The social / analysis
area, in contrast, serves as a meeting place for colleagues, superiors, customers and visitors. Here, the production results
can be analyzed and presented without having to actively interfere with the actual production process.
The selected devices and function panels supplement and
complete the operating concept. Several options can be chosen to achieve a clear visual separation between these both
areas, for example a step, a handrail or different color variants
for the floor. These provide a clear barrier which protects the
operating personnel against disturbances and distractions during the control process of the plant.
THE OPERATING AREA
The core of the control platform is the operating area, where
SMS offers a series of improvements compared to conventional control room solutions. The control pulpit is the central
workstation, which is adapted to the requirements of the production process. Here, the operator receives detailed information on the current process. The HMI (Human Machine

6

Interface) screens are located directly in the operator’s line of
vision. Additional overview screens are mounted on the ceiling. The table can be moved by a motor to standing level. The
HMI screens move along with it.
Operating elements which are not allowed to be implemented
via touch panels or the HMI for reasons of safety are arranged
in a clearly structured, easily accessible manner in the area in
front of the screens. In this way, it is ensured that the right
measures are taken intuitively – even in emergency situations.
Based on new, innovative IT devices, SMS has developed the
Technical Operation Management – TOM for short. This enables the operator to record notes and peculiarities on the production process without paper. The touchpad provided for this
purpose can be operated intuitively and facilitates quick entries
by means of prepared texts and icons. The recorded events
are stored in a database and can be further processed later.
Large overview screens continuously display the relevant information on the production process. Plant areas that are not
easily visible are represented as live images and can be displayed in a correspondingly large format whenever required.
The operating area is completed by ergonomically optimized
control room chairs designed for 24 / 7 use, reducing physical
strain on the operators and supporting their concentration.

1 Control center of a steel making plant.
2 Control room with Data Analysis and Vision
Desk (DAVID).
3 HMI of an Electric Arc Furnace.

1
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INNOVATIVE HMI
Monitoring the highly complex production processes in metallurgical plants and rolling mills is a demanding task for the
operator. Operators must have access to all information relevant to them and their situation so that they can react and
make the right decisions quickly also in critical situations.
Thanks to the new HMI concept, the operator can now easily
see and understand the information on the production process
relevant to him and his situation – in a comprehensible, clear
and intuitive manner.
With the clear structure and the screen layout, the focus always lies on the production process. The operating personnel
thus are provided with a clear view of the production. Individual pieces of information are logically summarized in groups
in order to direct the attention to the essential contents of the
screens and to provide a plausible structure. This provides for
transparency and orientation.
Intuitive navigation through the various views and menus, individual adaptability and context-sensitive operator guidance
complete the concept. The usability of the SMS HMI concept
leads to an increase in efficiency and finally also results in
higher motivation when using the new operator interfaces.
All attributes and functions contained in the HMI concept are
implemented on the basis of tried and tested technologies.
Thanks to the upgradability of the systems, their compatibility
is ensured. Furthermore, the utilization of standards provides
for the stability and the serviceability of the system.

THE SOCIAL / ANALYSIS AREA
The new design of the social area provides sufficient storage
space. This makes it easy to keep things in order, increasing
the attractiveness of the entire control platform. The Data
Analysis and VIsion Desk – DAVID for short – is arranged in
the center of the social / analysis area of the control platform.
It has been designed to stand out from the other functional
furniture, as a stand-alone item intended especially for teamwork. Equipped with the latest communication technologies,
the discussion desk DAVID is the information center of the
plant. Here, all information for production analyses, performance evaluations and shift meetings is compiled. To effectively
support the teamwork, a large multi-touch display is horizontally installed into the desktop and can be operated intuitively.
For customer visits also, the discussion desk with its wide variety of possibilities will become the focal point and thus be
predestined to serve as a central meeting place in the plant.
Thanks to the SMS concept, operators always have a clear
view on the production process.
OUTLOOK AND CUSTOMER-SPECIFIC ADAPTATIONS
The distribution of the working and analyzing areas is consistently adapted to suit the activities of the operating personnel.
The focus always lies on ensuring a clear view of the production process and providing ergonomically designed workstations. The layout of the pulpits is agreed upon in cooperation
with the future operators and takes into account customerspecific corporate design.
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COMPREHENSIVE SERVICE
CONCEPTS
KNOWLEDGE FROM 100 YEARS OF EXPERIENCE AND STRONG LOCAL PRESENCE CHARACTERIZE THE
TECHNICAL SERVICE OF THE SMS GROUP. THE ACTIVITIES REACH FROM SUPPLYING SPARES OVER FIELD
SERVICE TO PREPARING COMPLETE MAINTENANCE AND MODERNIZATION CONCEPTS. FAST CONSULTANCY
SUPPORTS STEEL MAKERS THROUGHOUT THE ENTIRE PLANT LIFE CYCLE. HIGH QUALITY SERVICES AND
NEW TECHNOLOGICAL STANDARDS ENSURE AN ECONOMICAL AND RELIABLE OPERATION.

ONE SOURCE CUSTOMIZED SERVICE CONCEPTS
Although a plant is running smoothly there is always a continuous improvement process to get more efficient. In partnership with an Original Equipment Manufacturer (OEM), plant
operators keep their plant competitive in a professional way.
Be it Electric Arc Furnaces in Indian steelworks, continuous
casters in Russia, CSP® lines in the USA, or PQF® plants in
Brazil, SMS can tailor its solutions to the customer’s specific
needs. The service range extends from supplying spare parts
to maintenance measures, staff training to tailor-made modernizations, with the SMS experts always keeping one goal in
mind: Achieving high plant availability with low maintenance
costs.
All divisions of the SMS group team up to offer the best service solutions from a single source to the customer. The relationship with the client is understood as a close and
longstanding partnership. In addition to providing high-quality
services and products on short notice, the SMS experts stand
by their customers not only with their know-how and experience, they also provide advice on product developments and
innovations for continuous plant improvement.
TRUSTING PARTNERSHIP
The above mentioned qualities of SMS group have convinced
numerous plant operators and many have already placed their
trust in SMS for years. They are convinced of the long term
benefits that one could avail from the know-how of SMS engineers and technicians.
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For instance, in order to meet the objective of PNTZ in Russia
of improving its maintenance strategy, SMS has provided a
compact service package for the EAF, the vacuum degassing
plant, the ladle furnace and two continuous casters. Furthermore, in line with the best practice method, SMS simplified
the servicing routine according to European standards and introduced the Integrated Maintenance Management System
(IMMS®) to make the servicing processes more transparent
and efficient. This was achieved by defining in cooperation
with the plant operator, individual parts to be serviced using
suitable maintenance measures resulting in the optimum strategy for the respective equipment.
The early detection and correction of defects and deviations
play a key role in optimal maintenance. Therefore detailed inspections by experienced experts are the ideal prerequisite to
avoid severe consequences. For example, at Sona BLW Präzisionsschmiede in Remscheid (Germany), SMS service experts
analyzed the condition of a malfunctioning die forge, overhauled the equipment and replaced individual parts with new
components. The customer was satisfied with the results.
Even though it came to light after the assembly work had
started that further parts were damaged, the team managed
to adhere to the stringent schedule.
CONSULTANCY AND TRAINING
A smoothly operating plant and the right maintenance concept
are the decisive factors for success. Particularly here, continuous investment in staff and its qualifications is paying off.
The more plant knowledge the operating teams have along

1 In workshops on-site, SMS overhauls assembly units which are directly related to the
production process on its own initiative and responsibility.
2 The continuous exchange of ideas and information among SMS’s development, design
and service departments ensure high level customer consultancy on-site.

3 The global procurement network ensures the quick availability of the complete range of
spare parts.
4 The SMS training center provides customized classroom training, online e-learning units
or convenient live webinars to benefit their customers.

1

2

3

4

with the more processes details and machine sequences they
understand, the more efficient and economic production will
become. The SMS training center provides many valuable advices gained in practical experience for hands-on application.
SMS experts conduct trainings at regular intervals, concerning
all operational plant issues along with maintenance and technology. The training program includes a broad range of
courses; customers can also request individual training
classes.

costs and improving the quality of the final product. A typical
example is the STEC-Roll® with different cooling concepts. It
is excellently suited for strand support as its bearing window
has a minimum width. All roll bodies are mechanically coupled
including narrow slab sizes. A complete roll line can be dismantled in less than 60 minutes and remounted in less than
two hours making it extremely easy to maintain. SSAB Iowa
installed the roll in the bow segment of the slab caster in its
Montpelier works (USA).

For instance in 2012, employees from the Saudi Arabian steel
maker Saudi Iron & Steel benefited from such individually prepared and customized classroom training in Germany. In addition to classroom courses, the training center offers some
modules as online e-learning units or convenient live webinars.

Another example is the new plating technology processes
used to extend the life of work rolls or furnace rollers. Another
example is the variable-speed pump control (VSP) which is
used in gap closing presses. Its special feature being that the
oil pressure is generated exclusively upon system demand,
i.e. when it is actually required. Hydraulic systems with VSP
do not need a cooling system or a central hydraulic station
with large tank. Expenses for housings or casings and hydraulic cellar plus long pipelines are omitted. All hydraulic components are installed directly at or on the machine and are
easy to maintain.

LOCAL PRESENCE DUE TO WORLDWIDE NETWORK
The SMS service network comprises of around 60 locations
around the globe ensuring a consistent range of services including training as well as short-term on-site customer consultancy. The service locations enable faster delivery of
components and can delegate qualified service experts on
short notice in case of equipment failure or malfunction. All locations have uniform standards guaranteeing SMS’s high level
of quality. There is a continuous exchange between development, design and service departments ensuring that SMS
achieves its target of low-maintenance plants.
SMS is already offering new technologies suited to enhancing
plant performance, saving resources, cutting maintenance
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STATE-OF-THE-ART
COKE OVEN MACHINES
IN RECENT TIMES, COKE OVEN MACHINES ACQUIRE A MORE PROMINENT ROLE IN THE COKE MAKING PROCESS.
APART FROM THE TRADITIONAL HANDLING OF THE COAL AND COKE FLOW, NOWADAYS THESE MACHINES ARE
ALSO DEEPLY INVOLVED IN ALL ENVIRONMENTAL AND PROCESS CONTROL ASPECTS. SCHALKER EISENHÜTTE
MASCHINENFABRIK HAS BEEN DEVELOPING COKE OVEN MACHINES TO MEET THE MOST RECENT REQUIREMENTS
IN TERMS OF EMISSIONS CONTROL, AUTOMATION, INSTRUMENTATION, OPERABILITY AND MAINTAINABILITY.
PAUL WURTH CONTINUES THE TRADITION OF THIS INNOVATIVE BRAND.

Pollution reduction is the key factor in modern coke making
process. All major efforts in coke oven machines technology
improvement have been focused on the limitation of dusts and
gases escaping during distillation and during machine operation.
Emissions during distillation
Emissions during distillation escape at oven doors, at leveler
bar door, at charging hole lids and at stand pipe lids. Schalke’s
cleaning devices have been developed and perfectly adjusted
to guarantee the highest efficiency and steady operation at design conditions of the whole set of oven closures.
Special attention was given to the door sealing surface representing the largest emissions point on the oven for which a
combined cleaning tool (high pressure water / mechanical
scrapers) has been developed. The cleaning tool was successfully installed at NSSMC Wakayama (Japan) and Posco
Gwangyang (South Korea) works.
Emissions during machine operations
During machine operation, emissions escape during coal
charging, door extraction, door cleaning and coke pushing.
Charging and pushing operations are obviously performed
after the removal of lids or doors. As a consequence, Schalke
has studied for each type of machine all possible countermeasures to capture the escaping emissions.
The complete charging line of a new charging car is a closed
system in direct connection with the oven chamber. The coal
plug and the sealed telescopes in combination with the sealing
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sleeve of leveler bar, which is a part of pusher machine, guarantee that charging gas can only follow the raw gas line and
therefore, it is conveyed to gas treatment plant. To reduce the
possibility of dust accumulation on oven deck, Paul Wurth’s
state-of-the-art charging cars are also equipped with an oven
top vacuum cleaner device. Collected dust is separated by a
bag filter and then recirculated to the oven chamber.
Modern pusher machines collect emissions escaping not only
from the opened ovens but also during door and bench cleaning as well as during leveling operation. An on-board integrated
system was developed that guarantees the maximum dedusting action on the pusher side. The system consists of
hoods for door opening and leveling device (whirl type), door
cleaning, bench cleaner as well as wind shields for working
area sealing and an on-board filtering unit with spark arrestor,
bag filter and fan. Each line is controlled by a butterfly valve in
order to maximize the suction effect on the active hood. The
whole network is connected to the filtering unit.
Gas and dust escaping from oven and coke during pushing
represent the largest volume of battery emissions. Therefore,
Paul Wurth’s latest transfer cars have been deeply studied in
order to maximize the efficiency of de-dusting on coke side.
The system consists of a sealed coke guide, the primary
hoods covering the complete coke quenching car or coke
bucket and coke guide, secondary hoods for door opening
(whirl type), door cleaning, bench cleaner as well as booster
fans, wind shields for working area sealing, a belt lifter car to
ensure the connection to the land based system and the land

1 3D model of the de-dusting system of the coke transfer car of Bushan Steel Ltd.
2 Coal charging car at Hyundai Steel, Republic of Korea (Dangjin works).
3 Coke transfer car at Kokerei Schwelgern (Germany).

1

2

based collection duct connected to a filtering unit with spark
arrestor, bag filter and fan.
In order to maximize the suction effect on the active hood,
each line is controlled by a butterfly valve; the whirl hood is
also equipped with two axial booster fans. The whole network
is connected to a land based filtering unit via the belt lifter car.
AUTOMATION
Due to extreme thermal and mechanical impact on the equipment operating close to the oven automated functions on
coke oven machines were implemented carefully and delayed,
compared to other industries. Finally, with the aim to improve
cycle times, reduce manpower and the liability of the plant and
to guarantee the constant operation at design conditions,
Schalke has developed and successfully applied a complete
unmanned / fully automatic control system. Each functional
group of the single machine is automatically operated via a
local and dedicated PLC; in the meantime the whole set of
machines is continuously coordinated by a central control station working in a network with the coke oven battery automation system. The system includes the following operation
modes: Unmanned (with no operators on board), automatic,
semi-automatic, manual-interlocked and maintenance.
Instrumentation and sensors
Today coke oven machines and coke oven batteries are considered as an integrated system in which both parties concur
for process optimization. Different applications have been developed in order to provide the coke oven battery operation
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team with all necessary information relevant to coal, coke and
oven status. For the charging car, level measurement of
charged coal on each hole and on-line moisture measurement
of charged coal for each hopper are applied. For the coke
transfer car, coke cake profiler for measurement of the coke
level at the end of distillation and the coke cake temperature
scan for thermal map of the coke cake are integrated. For the
pusher machine, oven wall temperature scan for thermal map
of the oven, oven heads thermal scan for control of pusher
ram alignment and a pushing force detection for feedbacks regarding oven and coke conditions are applied.
All machines are equipped with oven identification and positioning system with travel curve optimization (AutoPosi PLUS)
as well as hydraulic cylinders path measurement (MTS) with
data record and storage for the whole set of functional groups.
OPERABILITY AND MAINTAINABILITY
A key factor in state-of-the-art coke oven machines is also their
continuous and stable operability over the years, regardless of
the heavy working conditions to which they are subjected and
the variation in coke oven battery interfaces due to the aging
of the plant. In order to ensure a working life of more than
thirty years, all components and structures are selected and
designed with the highest safety factors, taking into consideration the extremely harsh environmental conditions. Finally,
each group has been studied and practiced over years to ensure easiest maintenance of each single component.
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FROM IGNITION HOOD
DESIGN TO EFFICIENT SINTER
COOLING SOLUTIONS
OVER THE PAST YEARS PAUL WURTH HAS EXPANDED ITS ACTIVITIES INTO THE SINTER PLANT AREA. PAUL WURTH’S
VERTICAL IGNITION HOOD GIVES HIGHEST CONTROL OVER THE HEAT DISTRIBUTION, OPTIMIZING THE IGNITION
PERFORMANCE AND REDUCING THE PRODUCTION OF FINES. THE CLASSICAL ANNULAR COOLER UNDERWENT
A SERIES OF DEVELOPMENTS MAKING IT A PERFECT UPGRADE FOR EXISTING ANNULAR COOLERS. PAUL WURTH
CONVERTED THE WELL PROVEN SHAFT COOLER INTO THE PATENTED COUNTERCURRENT AIRFLOW DESIGN,
EXTRACTING 100% OF THE HEAT CONTAINED IN THE SINTER FOR HIGH EFFICIENT HEAT RECOVERY PROCESSES.

IGNITION HOOD
In order to enhance sintering process, Paul Wurth is promoting
its own design of ignition hood with vertical burner arrangement. The burners are arranged in two rows across the width
of the strand, with the possibility to install additional burners
dedicated to over-heat pallet cars sides.
Main advantage directly impacting plant productivity, of such
arrangement in comparison with horizontal type is the combination of these features:
– Compact design, fitting in the first windbox of the sinter
strand. This feature enables to increase the effective sintering area and reduce specific fuel consumption;
– Enhanced and controlled temperature profile due to the
arrangement of the burners along the width of the strand.
This enables to counter-balance the cooling effect at the pallet cars sides and therefore limit sinter fines production;
– Flexible process of ignition by controlling different oxygen
level per row of burners;
– Improve sinter production by limiting start-up period of the
ignition hood of about 20 minutes;
– Pre-assembled design done in multiple elements limiting
erection time.
Regarding the refractory lining, the entire thermal insulation of
the ignition hood is designed in prefabricated elements anchored to the steel casing. Elements on the hot face are made
from a special material which resists the alkaline attack inside
the ignition hood.
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In terms of fuel gas and combustion air, the burners run with
all gas available in an integrated iron making plant such as coke
oven gas, blast furnace gas or converter gas, and by using preheated combustion air up to 400°C. Further, automation and
design are done according the European Safety Regulation EN
746-2 (Safety requirements for combustion and fuel handling
systems) for a safe operation of the system.
Sinter coolers by Paul Wurth
The sinter cooler often becomes the bottleneck of the sinter
production, with outdated technology leading to low productivity and high operation and maintenance cost. This is countered by the two types of coolers developed and offered by
Paul Wurth, the annular cooler and the shaft cooler. Both types
are equipped with a specifically designed receiving chute to
meet the specific requirements for a uniform filling and a homogeneous particle size distribution.
ANNULAR COOLER
The classic design of the annular cooler was completely revised
and is now essentially composed of a rigid ring frame construction, avoiding the typical problems of centering. As opposed to
the traditional design with individual sintering cars, the segments are connected to form a stable ring in which the lowerable grids are installed. Additional features are the low leakage
rate and the increased effective cooling surface due to the removal of dead areas. This leads to low operating cost and a
smaller space requirement. Exchanging existing coolers with
the Paul Wurth annular cooler, possibly on the same foundations, can effectively increase the capacity of the entire plant.

1 Numerical simulation of the segregation effect of the receiving chute.
2 Ignition hood implemented at BPSL SP2 450 m2.
3 Paul Wurth annular cooler at ArcelorMittal Tubarao (Brazil).
4 Heating of the air through the counter current shaft cooler.
2
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SHAFT COOLER
The Shaft cooler technology promoted by Paul Wurth is an industrial proven technology, which was originally built by former GHH (technologies now part of Paul Wurth portfolio) and
is implemented worldwide. Shaft coolers are a heavy duty
technology characterised by a long residence of the hot material in the reactor which insures a low sinter temperature at
the exit, having less moving parts and fewer parts which are
in contact with abrasive sinter. The modular construction of
the shaft cooler, the use of standard actuators on the driving
ring and standard conveyor rollers lead to advantages during
acquisition, operation and maintenance.
COUNTER CURRENT SHAFT COOLER
The new Paul Wurth conical shaft cooler is a development of
the shaft cooler towards a pure counter flow cooler aiming at
maximising the energy efficiency. It is designed as a system
with a very low demand for cooling air, high air discharge temperatures and highly reduced dust emissions. Contrary to the
classic shaft-type coolers, where the cooling air flows horizontally across the charge, the cooling air moves vertically upwards through the sinter, while the sinter moves downwards.
The air is sucked via tangential air inlet vanes at the lower part
of the shaft, upwards towards the top of the shaft where
100% of the air is suctioned in the heat recovery hoods.
The energy contained in the hot air leaving the cooler can be
used in a downstream heat recovery process, e.g. as preheated combustion air in the ignition hood, for recirculation to
the sinter machine or to produce steam at highly interesting
pressure/temperature levels.

The counter current shaft cooler technology has been successfully implemented in Japanese plants. Compared with the
traditional annular cooler technology, the counter flow shaft
cooler technology exhibits the main advantages:
– Due to the heat transfer in a counter-current flow, the heat
recovery rate is 100%
– The specific amount of cooling air is approx. 800 m³/t sinter,
about half the amount required in traditional shaft coolers.
– Due to this low air flowrate, the air temperature is increased,
in turn increasing the efficiency of any downstream energy
transfer process.
– Longer residence time of the raw sinter in the cooler which
results in a better cooling efficiency. The average discharge
temperature at the cooler outlet is generally lower;
– Smaller footprint for a same productivity;
– Continuous discharge operations that eases, downstream,
the management of the sinter for crushing and screening
operations.
– High reliability and availability due to an uncomplicated system technology
– Reduced electrical consumption
– Significant reduction of operation and maintenance costs
– Reduction of dust emissions
– Lower greenhouse emissions
All Paul Wurth sinter coolers are perfectly suited for any type
of heat recovery, which can be designed tailor-made to fit each
customer’s needs.
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A NEW GENERATION OF
BELL LESS TOP® CHUTE
TRANSMISSION GEARBOXES
WITH THE NEW G3 CHUTE ROTATION GEARBOX (CTG), PAUL WURTH INTRODUCED A “NO-WORRIES”
PACKAGE INTO THE MARKET. THE “G3”, REFERRING TO PAUL WURTH’S THIRD GENERATION OF CHUTE
TRANSMISSION GEARBOXES, IS STURDIER, REDUCES MAINTENANCE COSTS AND OFFERS HIGHER
PROCESS FLEXIBILITY. MOREOVER, THE GEARBOX IS EASILY INTERCHANGEABLE WITH EXISTING CHUTE
TRANSMISSION GEARS.

3RD GENERATION CHUTE ROTATION TRANSMISSION GEARBOX
The overall design of the gearbox has been optimized to increase long-term reliability under high top gas temperatures
in a heavily dust-laden atmosphere. In order to increase the
resistance to high temperatures, the surface area of the rotating part of the equipment exposed to the blast furnace has
been reduced, thus minimizing the cooling power requirements of the rotating part. All cooling panels provide “full surface” cooling, contrasting with the traditional cooling pipe
panel design. The rotating parts are cooled by a pressurized
closed cooling circuit enabled by a newly developed swivel
joint, referred to hereafter as “S-CUP”. The S-CUP, contactless and thus free of wear, prevents any contamination of the
cooling water by blast furnace gas and does not allow any
overflow of the system.
The clean cooling water enables enhanced cooling of the tilting
gearboxes which significantly reduces the risk of seizing in the
event of greasing failures. With the introduction of the “continuous greasing”, each tilting bush is now greased during
shaft rotation by four greasing points instead of one. Enhanced
cooling and lubrication finally lead to longer tilting gearbox lifetime and higher availability. The lifetime of the gearbox bottom
lining is extended as it is now stationary and is no more subjected to vibration or shocks, which contributed in the past to
damages of the lower insulation.
The conventional isolating “goggle plate”, located at the top
of the gearbox, has been replaced with a combined isolation
valve and compensator. This unit provides gas tightness with
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structural rigidity and is less sensitive to the dusty environment. Contrary to the previous system, no adjustment and
alignment are required.
The bolt connection to the blast furnace top has been modified
to reduce installation time, making on-site high precision machining of the top flange unnecessary. In addition, the related
sealing gasket is no longer required. This cost effective solution ensures gas tightness over the whole gearbox lifetime,
even in cases of blast furnace top cone distortion.
Key characteristics of the G3 gearbox are:
– Chute length: 3.5 - 5 m
– Chute rotation speed: 0 - 12 rpm
– Burden flow rate: 0.3 - 1.1 m3 / s
– Operating pressure: 1 - 3.5 bar (g)
– Maximum central top temperature: 700 °C (continuously),
1,000 °C (intermittent)
Discrete element simulations have shown that while operating
at a constant flow rate at 12 rpm, the impact energy of the
burdened material on the underlying material layer is reduced
by as much as 40 % as compared to the traditional 8 rpm rotation speed. The lowered impact energy reduces the layer
deformation due to coke push effect and reduced compaction
in the impact zone. This makes charging more predictable
while maximizing gas permeability, leading to potential fuel
savings and increased productivity.

1 The CTG-G3 chute transmission gearbox.
2 Discrete Element Method (DEM) results: Layers after impact (8 rpm left, 12 rpm right).
Blue lines shows un-deformed coke layer prior to impact.
3 Conventional cooling left, pressurized cooling right.

1
2

3

TECHNOLOGY SPIN-OFFS
The pressurized cooling (PC) and “continuous greasing” features have been spun off to the standard gearboxes to create
the PC series gearbox line. The outlines remain the same
while featuring on the inside some of the G3 technology. Consequently, the cooling circuit is now maintenance-free and the
lifetime of the tilting gears is increased. The temperature resistance of the PC series gearbox is higher compared to standard gearboxes, while being moderate compared to the G3
gearbox as the traditional panels with cooling pipes are kept.
UPGRADE POSSIBILITIES
Standard chute transmission gearboxes can be substituted either by PC series or G3 gearboxes. Spare or to-be-reconditioned gearboxes can only be upgraded to PC series as the
CTG-G3 is a new type of gearbox. When upgrading to PC series, main components will be reused while the S-CUP will be
integrated and the chute tilting gear will be modified to accommodate the enhanced cooling and the continuous greasing.
As the G3 is technologically superior to the PC series, the decision for which gearbox to opt shall mainly be based on available spare part amounts.
Along with the new PC-series and G3, the Paul Wurth chute
transmission gearbox family also comprises the MINI and
MIDI for small to medium size furnaces.

GEARBOX REFERENCES
By 2014, two G3 gearboxes have been installed. The first was
installed on Rogesa’s Dillinger Hütte BF-5 (Germany) and is in
operation since 2012. The second G3 gearbox was delivered
to Tata Steel for the new BF-1 at Kalinganagar (India). Three
new G3 gearboxes will be installed in 2015 / 2016.
At ArcelorMittal Indiana Harbour (USA) a PC gearbox is in operation since July 2014 on BF-7. At Anshan Iron & Steel (China)
one PC gearbox is in service since December 2014, a second
one will be installed in 2015.
CONCLUSION
The PC series and G3 gearboxes with their maintenance-free
pressurized cooling circuit address the saving of the most important utility consumption: nitrogen. By ensuring highest cooling efficiency over the whole lifetime of the gearbox, nitrogen
will only be used for dust suppression and not for cooling purposes.
A plant having a large number of spares would typically opt for
an upgrade to PC series while new or plants with few spares
would opt for the superior G3 gearbox. Paul Wurth is convinced that the new gearboxes, especially the G3, deliver
more value than ever to operators.
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PULVERIZED COAL INJECTION
R
AT TŽINECKÉ
ŽELEZÁRNY
PAUL WURTH SUCCESSFULLY COMMISSIONED PULVERIZED COAL INJECTION (PCI) AT TřINECKÉ ŽELEZÁRNY’S
BLAST FURNACES NO. 4 AND NO. 6. THE INSTALLATIONS ARE DESIGNED FOR SPECIFIC INJECTION RATES OF
UP TO 150 KG PULVERIZED COAL PER TON OF HOT METAL. THE PLANTS WERE SUCCESSFULLY COMMISSIONED
BY THE END OF 2013 AND ARE NOW RUNNING ON NOMINAL CAPACITY.

In order to reduce hot metal costs, Tžinecké
r
Železárny (TŽ) –
an integrated steel producer in the Czech Republic which is a
part of the Moravia Steel Group decided to equip its two blast
furnaces with a Pulverized Coal Injection System (PCI) in early
2012. The two blast furnaces No. 4 and No. 6 make up
Moravia Steel’s entire ironmaking production of more than
two million t/year. Paul Wurth, provided the engineering and
supplied key components including the coal grinding mill, the
hot gas generator, the injection plants with dynamic distribution and the complete control and automation system. Paul
Wurth with a team of experts for coal injection and experts
for both injection and the blast furnace process, supported
the commissioning and the start-up at TŽ. In close collaboration, companies associated to TŽ provided the major part of
the local project scope. TŽ was awarded the prestigious “Industrial building of the year 2013” award for the PCI installation, TŽ was conferred the prestigious “Industrial building of
the year 2013” award by the Moravian-Silesian Region.
In the Grinding and Drying (GAD) plant, raw coal is stored in a
700 m³ raw coal storage bin (RCSB) and fed to the vertical
roller mill (VRM) by means of a variable speed drag chain conveyor. After having been dried and ground to the required grain
size, pulverized coal is carried to the main bag filter (MBF)
where it is being separated from the process gas and transported by gravity through rotary valves to the 650 m³ pulverized coal storage bin (PCSB).
The GAD process is fully automatic due to the implementation
of several control loops. The software allows smooth and fast
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start-ups and stops of the GAD plant, guarantees a high and
stable pulverized coal quality and assures a safe and reliable
process.
The geometry of the pulverized coal storage bin and its flushing and fluidizing gas nozzles installed in the lower part of the
bin enable reliable pulverized coal discharge characteristics to
the downstream conveying and metering system. Nitrogen is
used as fluidizing and flushing gas and further avoids condensation in the PCSB and creates an inert atmosphere in accordance with the adopted preventive explosion philosophy.
The pulverized coal is being discharged into four conveying
hoppers (two for each blast furnace) and continuously transported in dense phase pneumatic conveying mode to the distribution facilities installed close to each blast furnace.
Pulverized coal is finally distributed onto the hot blast tuyeres
using dynamic distribution. In order to assure an equal distribution of the global coal flow rate onto the injection lines, each
line is equipped with a coal flow rate measurement device and
a GRITZKO® coal flow rate control valve.
When using dynamic distribution, the inaccuracy of the distribution is guaranteed to be at maximum ± 2.5 % versus ± 5%
for classic static distribution. As distribution is actively closedloop controlled, any deterioration (e.g. due to coal deposits in
the injection lines) is balanced and automatically corrected. A
further benefit of dynamic distribution is reduced nitrogen consumption due to the fact that the pressure drop over the

1 Scalping device.
2 Třinecké Železárny PCI tower.
3 Injection lines with dynamic distribution.
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GRITZKO® valve is lower as compared to coal tuyeres installed
for static distribution.
The effectiveness of the control system largely depends on
the installed flow control valves. Paul Wurth provided their
heavy duty GRITZKO® valves. These special application valves
with hard metal inserts are designed to withstand the abrasive
pulverized coal flow and allow for a wide range of coal flow
rates. The conveying hopper pressure is automatically adapted
in order to operate all GRITZKO® valves in their optimal working range.
In case of a GRITZKO® flow rate control valve being plugged
by coarse or tramp material, the plug can simply be removed
by completely opening the valve for a few seconds. The coal
flow will forward the coarse material to the blast furnace without interrupting the coal injection through the concerned injection line. This consequently reduces the down times of the
different injection lines and thus also nitrogen consumption
required for flushing purposes during such down times.
To further increase the availability of the injection line at the
outlet, so called scalping devices have been installed of each
fluidizing compartment. The pulverized coal leaving the fluidizing compartment flows through a scalping plate where the
coarse material is trapped and retained from the pulverized
coal flow. The scalping devices are equipped with differential
pressure transmitters to monitor the level of clogging. If requested by the control system or the operator, the automatic
back-flushing sequence can be launched after the completion

Flow Rate
Measurement

Lance
Assembly

of the injection cycle of the concerned hopper. The flushing
gas is directed into a cyclone where it is being separated from
the coarse material. The coarse material falls by gravity into a
container, whereas purging nitrogen returns to the PCSB.
This simple, cost-effective and proven system significantly reduces the risk of clogging phenomena in the injection lines.
Compared to vibrating screens, scalping devices require by far
less space for installation, lower investment costs and significantly less maintenance. Furthermore, considerably smaller
amounts of oversize material are to be expected as the mesh
of the scalping devices is significantly larger than the mesh of
the vibrating screens.
OPERATIONAL RESULTS
The combination of high operational know-how of TŽ staff, reliable technology and support of Paul Wurth in the operation
of PCI as well as the joint adaptation of the blast furnace
process led to a fast ramp-up of the PCI plant to design injection rates. Nominal capacity was reached in less than four
months after the start-up. In this time, the blast furnace was
adjusted in terms of blast parameters, charging matrix and permeability so that operation parameters such as burden descent, fuel rate and productivity could also be improved as
compared to the former all-coke operation.
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BFXpert:
THE COST SAVING PROCESS
AUTOMATION PACKAGE
THE BLAST FURNACE HAS ALWAYS BEEN SUBJECT TO PROCESS OPTIMIZATIONS FOR ECOLOGICAL
AND ECONOMICAL REASONS. CONSIDERING THE OVERALL HIGH LEVEL OF OPERATIONAL IMPROVEMENT
TECHNOLOGIES IN THE PAST, PROCESS MODELS AND EXPERT SYSTEMS ARE NOWADAYS A COMMON
TECHNOLOGY IN THE ENDEAVOR OF MINIMIZING OPERATIONAL COSTS. PAUL WURTH SUPPORTS ITS
CUSTOMERS WITH THE BFXPERT LEVEL-2 AUTOMATION SYSTEM FOR A SAFE, ECOLOGICAL AND ECONOMICAL OPERATION.

BFXpert
Under the trademark BFXpert, Paul Wurth markets its integrated Level-2 process control and operator guidance system.
The BFXpert platform provides a powerful set of models for online and offline optimization, supervision of the blast furnace
process and simulation functionalities for in-depth analysis of
the blast furnace operation. It further integrates the expert system SACHEM and a rule-based automation interface and can
incorporate specifically hardware related modules such as a
tuyere phenomena detection system, equipment condition
monitoring system or TMT probes results.

process engineers to operators, in the fulfillment of the operational targets and optimization of the complete blast furnace
process. Paul Wurth has considered the great complexity of
blast furnace operation, while developing the BFXpert application, which serves as a guidance to ensure a safe, ecological
and economical operation.

BFXpert provides blast furnace process supervision with the
target of reducing operational cost and increasing operational
safety. Process models and expert systems are crucial instruments for optimization of the blast furnace operation. The
model-based monitoring of operational data and its analysis by
the expert system ensures a permanent support for operators.
Deviations from optimal process conditions are detected at the
earliest stage, recommendations for process improvement are
given and standard tasks are automated. This leads to an improved process regularity and hence reduced operational cost.

Another benefit of BFXpert is that customers can decide to
open via BFXpert a virtual private network (VPN) connection for
system support and maintenance as well as for process support
from Paul Wurth’s blast furnace specialists.

BFXpert BENEFITS
Stable operation of the complex process of blast furnace ironmaking can be challenged by varying raw material qualities and
other operating constrains. When the process is properly controlled, significant cost savings can be realized. The powerful
models and features included in the BFXpert system assist all
levels of a steel producer’s organization from management to
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BFXpert functionalities cover all major areas of the blast furnace
and thanks to the modular concept of BFXpert functionalities it
can be installed individually or in combination, providing each
customer with a tailor-made scope.

Therefore, BFXpert with its models, tools and the expert operator guidance system SACHEM supports blast furnace operation in the important aspects of the ironmaking process:
– Stable and smooth blast furnace operation
– Improved blast furnace efficiency
– Reduced overall energy consumption
– High stable fuel injection rate
– Campaign life extension
– Stable product quality
All these benefits finally result in a reduction of hot metal production costs.

1 Simulation of the blast furnace burden by the Paul Wurth charging model.
2 Main screen of the SACHEM expert system.
3 TPDS installed at BF 5 of Rogesa.

1

2

3

The modular concept of the BFXpert platform allows seamless
integration of further technologies than BFXpert. Common functions such as process data acquisition, visualization and database access are provided by the BFXpert platform and are
available to other developments. By this, the implementation
of new technologies can be realized faster with a reduced
amount of work dedicated to interfacing and visualization. Recent examples are tuyere phenomena detection, condition
monitoring, visualization of TMT probe results and customer
specific developments.

in achieving a high productivity of the pulverized coal injection
(PCI). More importantly, the automatic phenomena detection
increases the level of safety for workers and equipment around
the tuyeres stocks.

TUYERE PHENOMENA DETECTION SYSTEM
Tuyere Phenomena Detection System (TPDS) provides optical
tuyere area monitoring and phenomena detection combined
with a process model for the raceway zone. It consists of a
camera mounted on the elbow of the tuyere stock permanently
monitoring the inside of each tuyere, i.e. the tuyere tip area, injection lances, injected fuel and raceway. The visualization of
this area is done on a dedicated screen in the control room, on
the cast floor as well as through the intranet wherever convenient for engineers and blast furnace managers.

BFXpert REFERENCES
In total, Paul Wurth has nine references for BFXpert, regardless
of the numerous references of models before the BFXpert
trademark was created. Three BFXpert systems have been sold
as “stand-alone” systems, i.e. not in a package together with
Paul Wurth equipment.

TPDS automatically detects phenomena related to injection
lances and tuyeres and displays important process-related parameters of the raceway individually for each tuyere. Having the
key process figures together with the overview of all tuyeres
on one screen, enables the experienced operator to quickly
evaluate the overall blast furnace operation. Control of hot blast
and fuel injection parameters as well as monitoring of tuyere
and raceway is combined in one location and assists operators

Paul Wurth has recently commissioned the TPDS at Rogesa
and ArcelorMittal Gent with a total of four blast furnaces. Paul
Wurth was also awarded orders from Tata Steel Ijmuiden
(Netherlands) and Hüttenwerke Krupp Mannesmann (Germany)
to equip in total four blast furnaces.

The BFXpert system commissioned at Severstal BF5 (Russia)
in 2014 was chosen by the costumer despite the fact that there
was a competitor system running in their plant already. The latest order was awarded from Rogesa (Germany) to equip their
blast furnaces 4 and 5 in Dillingen, Germany with BFXpert.
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REVIVAL OF BLAST FURNACE
OPERATION FROM CHILLED
HEARTH CONDITIONS
RECOVERY OF A BLAST FURNACE FROM CHILLED HEARTH CONDITION IS ONE OF THE MOST CRITICAL
AND MANPOWER DEMANDING ACTIVITIES IN A PLANT LIFE. PAUL WURTH HAS RECENTLY REINVENTED
A TECHNIQUE ALREADY USED BY BLAST FURNACE OPERATORS TO FACE SUCH AN EVENT, IN ORDER
TO MAKE IT MORE RELIABLE AND COMPATIBLE WITH MODERN REQUIREMENTS IN TERMS OF SAFETY
AND PROCESS MONITORING.

BLAST FURNACE CHILLED HEARTH CONDITIONS
During chilled hearth events, the iron and slag produced in
the bosh area become colder and more viscous as they are
dripping into a hearth environment having too low temperature as a consequence of uncontrolled events in the previous
period of operation. This condition can worsen till the communication between tuyere and taphole is lost thus preventing the drain of any liquid produced in the upper part of the
furnace. This situation is a threat to safety, can result in permanent equipment damage, loss of production and costs a
lot of money.
Steel producers should anticipate such a scenario by suitably
defining in advance the procedural steps and in making available the required hardware. Paul Wurth supports customers
in this process by providing engineering services, equipment
delivery and operational assistance applying proven and updated techniques aimed at minimizing costs and maximizing
safety.
FIRST PHASE OF RECOVERY: INTRODUCTION OF HEAT
When communication is lost between tuyeres and lower part
of the hearth, it is necessary to melt the iron and slag solidified
in the hearth by introducing heat from taphole area.
This process can be done in three ways:
– Oxygen lancing through taphole upwards: this method is not
always effective, is associated with safety hazards and requires huge manpower efforts
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– Oxy-gas burner inserted inside hearth through a dedicated
hole made on purpose on hearth lining: This method provides the maximum heat inside hearth, but can be applied
only if high pressure oxygen natural gas / LPG is available.
Moreover, burners are not always available at short notice.
– The improved Durfee pipe system introduced by Paul Wurth
does not need complicated arrangements (basically stainless
steel piping and valves, core drilling equipment pneumatic
hammers, standard thermocouples and pressure transmitters). All tools can be designed and purchased in advance as
a precautionary measure and kept in store. The Durfee pipe
system consists of a bypass line between the tuyere stocks
peephole and the taphole through which oxygen enriched
hot blast is blown while all tuyere are kept closed. In this
way, the thermal energy needed in the lower part is safely
produced in the hot stoves as per normal running conditions
and it is possible to easily control and monitor the amount
of heat introduced through instrumentation installed in the
blast circuit.
SECOND PHASE OF RECOVERY: SEQUENTIAL TUYERE OPENING
Once sufficient thermal energy is introduced in the hearth with
all tuyere closed, the recovery starts with a small section of
the furnace, by opening one or two tuyeres on each side of
this taphole. Subsequently, all the balanced tuyeres are
opened by removing the ceramic plugs previously installed.
This operation normally implies direct intervention of operators
which are exposed to potential safety hazards.

1

1 Example of opening of tuyeres with furnace on blast.
2 Installation of improved Durfee pipe during phase 1
of revival process.
3 Results of BF revival with improved technique.

2

3

During this phase the following key points must be respected:
– Tuyeres must not be opened before the hearth below is hot
enough in order not to freeze the liquids generated.
– Self-opening of tuyeres has to be avoided in order not to introduce hot metal and slag in unprepared areas of the
hearth.
– The number of furnace shutdown to perform tuyere openings has to be minimized in order not to impair thermal status of hearth.
– Tuyere opening has to be in time and reliable in order to
avoid delay in the revival process and to risk to burn tuyeres
exposed to un-drained liquids of the adjacent tuyeres.
By introducing a number of improvements to the traditional
Durfee pipe technique, the revival of blast furnace operation
from chilled hearth conditions can be realized more reliably
and safely.
Conically shaped Tuyere plugs are made of pre-cast refractory
material, each one equipped with a set of thermocouples connected to the control system. In this way it is possible to do
an online monitoring of the temperature evolution of the area
in front of each tuyere from the control room and properly decide whether the necessary thermal conditions are achieved.
The bypass line between tuyere stock and taphole carrying
hot blast in the hearth is equipped with special valves which,
once closed, allow freeing the taphole line without stopping
blast flow to the opened tuyeres. Furthermore, the tuyere sequential opening phase has been re-engineered in order to
avoid blast furnace stops during the entire process without im-

pacting the safety of the operator. For this, a special tool has
been developed, which allows the safe introduction of a mechanical drill tool through the tuyere stock peephole with furnace on blast and to complete in this way, the mechanized
drilling of tuyere plug in running condition. Finally, the reliability
and the speed of the opening operation of tuyere with special
pneumatically operated hammers have been increased as
compared to the traditional opening techniques performed
manually.
OUTSTANDING RESULT OF APPLICATION
IMPROVED DURFEE PIPE TECHNIQUE
The improved Durfee pipe technique was applied in 2014 in a
large blast furnace located in India, having experienced severe
chilled hearth condition. During that occasion, Paul Wurth provided the engineering of the necessary plant modifications and
the elaboration of the operational procedures with the associated risk analysis. The operational assistance was realized
through a team of experienced BF managers and operators
supporting the customer in the plant preparations, operators’
training and in the practical execution of the procedures.
The close cooperation with the customer team and the improvement brought by Paul Wurth allowed achievement of the
following outstanding results exceeding the customer expectations:
– The revival process was completed in a short time: half of
the tuyeres were opened within five days;
– Only one BF shutdown was necessary in the overall revival
process.
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STATE-OF-THE-ART BLAST
FURNACE TOP GAS CLEANING
TO OPERATE A MODERN BLAST FURNACE, A RELIABLE AND PROVEN GAS CLEANING SYSTEM IS REQUIRED.
THE NECESSITY TO REDUCE OPERATIONAL COST BY INCREASED DUST RECIRCULATION RATES, REDUCED
SLUDGE TREATMENT, MINIMIZED MAINTENANCE DOWN-TIME BY MONITORING SYSTEM AND OPTIMIZED
ENERGY OUTPUT OF TOP GAS RECOVERY TURBINE BY REDUCTION OF CLEANING WATER, LEAD TO THE
STATE-OF-THE-ART TECHNOLOGY WHICH IS THE KEY TO COST EFFICIENT PRODUCTION.

PAUL WURTH TOP GAS CLEANING TECHNOLOGY
The development of a modern gas cleaning technology commenced in 1970 with the first installation of an annular gap
scrubber in Arbed steel plant Esch-Belval (Luxemburg). Since
then the technology is being improved by Paul Wurth over the
years based on customer needs and operational requirements.
Design studies and process calculation in combination with
the intensive exchange between operational and maintenance
personnel led to the current design. Today, the state-of-the-art
gas cleaning technology consists of an axial type cyclone and
an annular gap scrubber with external swirl type demister.
The installation of a modern gas cleaning plant also makes it
possible to use a top gas recovery turbine (TRT) for the generation of energy out of the top gas. Energy recovery between
5 to 25 MW (depending on the blast furnace size) is easy and
further reduces overall production cost.
AXIAL CYCLONE AS SUBSTITUTION OF DUST CATCHER
In 1999, Paul Wurth implemented the first axial type cyclone
as a substitute to the dust-catcher technology at ArcelorMittal
Bremen BF No. 2. This equipment combined the high efficient
dust separation of a cyclone with the structural advantage of
supporting the downcomer. Since 2008, the modern design
of the Paul Wurth axial cyclone with conical inlet is preferred
to have a compact design with optimum maintenance access
and maximum separation efficiency.
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Since 1999, Paul Wurth has installed more than 35 cyclones
worldwide. The major requirement of the customers was and
is to decrease the overall operational cost by improving productivity and lowering material costs. Compared to the ordinary dust-catcher, the cyclone is able to separate up to 85 %
of the incoming dust. The design of the cyclone is made in
such a way that only the particles which are not linked to zinc
and lead are separated from the blast furnace gas. These particles which are harmful for the blast furnace refractory, are
still being transported to the wet cleaning step and will then
be separated there and casted away to be out of the iron
cycle.
The higher separation of dust is not only an advantage for the
dry cleaning step. As less dust enters the following wet gas
cleaning step, less deposits and wear can be expected.
Longer lifetime of all parts at the scrubber and water treatment
plant can be expected, which will reduce costs for maintenance and spare parts.
EFFICIENT PRE-CLEANING LEADS TO HIGHER ENERGY OUTPUT
AT TOP GAS RECOVERY TURBINE
In case of the operation with an axial cyclone, it is possible to
reduce the amount of injected cleaning water to the wet
scrubber system. The water consumption required for the
cleaning of the gas can be reduced by approx. 20 %. The
lower amount of water enables to install a smaller thickener
at water treatment plant or increase the retention time in case
of an existing system. This helps to reduce the investment
and / or operation costs.

1 Gas cleaning plant at ThyssenKrupp Steel Europe Hamborn BF 8 with TRT
(installed in building).
2 Yearly saving potential with modification of gas cleaning plant system.
3 Comparison between dry and wet system.
1
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The reduction of injected water and the reduction of differential pressure for the fine cleaning inside the annular gap also
influence the cooling process of the gas and increase the gas
outlet temperature. In case the gas passes through a top gas
recovery turbine, it is possible to generate approx. 2 - 3 %
higher energy output.

When comparing total operational cost of gas cleaning systems, also energy and utility consumption, maintenance
downtimes, need of spare parts, noise emission and reliability
have to be considered. These are advantages of the state-ofthe-art gas cleaning system of Paul Wurth, which compensate
the generation of more energy out of the TRT with a total dry
system to a large extent.

The annual savings to be achieved depends on the blast furnace size and is also given in case of partial revamping of plant
parts.
“TOTAL” DRY GAS CLEANING SYSTEM –
A COMPARABLE SOLUTION?
In contrast to the phrase “dry gas cleaning”, the need and use
of water in such a system is unavoidable to prevent fatal corrosions due to condensation of the acid components of the
blast furnace gas. Majorly as a result of water scarcity, currently almost all dry gas cleaning installations are applied in
the People’s Republic of China. Beside the corrosion problems, the installations restrict the blast furnace operation in
respect of gas temperature, raw material selection (amount of
hydrocarbon and tar) and process operation mode. Required
low “air-to-cloth ratio” of the filter bags to achieve sufficient
cleaning of the gas leads to higher investment cost.
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CLEAN AND EFFICIENT SLAG
GRANULATION TECHNOLOGY
EFFICIENT SLAG HANDLING, GRANULATION, VALORIZATION AND ENERGY RECOVERY HAVE BECOME
IMPORTANT CONTRIBUTORS TO A PROFITABLE FURNACE OPERATION. STATE-OF-THE-ART SLAG HANDLING
PROCESSES CAN TURN SLAG INTO A VALUABLE PRODUCT AND RECOVER THE ENERGY, THUS PREVENTING
EXPENSIVE DUMPING AND AVOIDING POLLUTION. TWO SYNONYMS FOR PAUL WURTH´S STRENGTH IN
SLAG PROCESSING ARE: INBA® AND DSG.

INBA®
The INBA® slag granulation and dewatering system is the
proven route for converting molten slag into a value added
product for the cement industry. With more than 265 references worldwide, this technology today is the most common
granulation system and has been officially recognized as the
Best Available Technology by the European Commission.
The INBA® system comprises two main components – the
granulation unit with a granulation tank with integrated blowing
box and the INBA® dewatering drum. The system provides the
steel producer with an installation, whose operation is largely
independent from blast furnace operations. As it is a dynamic
system, even extremely long tap times do not affect or limit the
granulation and dewatering process. Different INBA® dewatering drum sizes are available, which allow a customized tailoring
of the INBA® system to the given furnace slag flow rates.
Granulation
The granulation process is based on the “under pressure
quenching” of the liquid slag with hot or cold water. Inside the
granulation tank, heat exchange between the slag droplets and
the water creates glassy sand particles which can be used as
a clinker substitute in the cement industry. The slag sand /
water mixture can leave the granulation tank either by gravity
or by slurry pumping.
Steam produced by the quenching process is vented into the
atmosphere through a chimney. Optionally, a condensation
tower can be installed on top of the granulation tank. Here
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water-spray-nozzles spray water into the vapor to condense
the steam and reduce the H2S and SO2 output.
Dewatering
The dewatering station consists of the INBA® dewatering
drum, equipped with finely meshed filter screens and its feedings. The regular repartition of the slag-water mixture on the
entire length of the drum is guaranteed. A conveyor belt inside
the drum ensures the continuous discharge of the dewatered
slag sand.
All wear parts are easy to dismantle and the conveyor belt can
be removed from the drum to ensure an easy maintenance.
The water, separated from the slag, is collected in a conical
shaped tank below the drum and pumped back to the system.
The efficient sand filtration implicates a minimized fraction of
solid content in the circulating process water.
Benefits
– Compact and modular design for an independent location of
different plant areas.
– The INBA® system is a dynamic, online connected granulation system, including dewatering and evacuation of the slag
sand.
– High reliability due to low maintenance requirements.
– Environmental advantages due to closed loop granulation
water system with limited need of makeup water.
– Optional condensation with cold water system: for reducing
the environmental impact of the granulation process.

1 DSG pilot plant in Dillingen.
2 Granulation tank.
3 Principle of dry slag granulation.
4 INBA® slag granulation and
dewatering system.
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DRY SLAG GRANULATION WITH ENERGY RECOVERY
The dry slag granulation process (DSG) is a subsequent development, which combines the advantages of the wet granulation with energy recovery and even better environmental
compliance. Main benefits are:
– Ecologic production of clinker replacement material for the
cement industry, avoiding the exploitation of natural resources and reducing the CO2 emissions by 800 kg / ton of
slag.
– No water consumption: In the traditional wet granulation
process, approx. 0.7 m3 of water is evaporated to solidify
1 t of blast furnace slag. Here almost the complete amount
of water is saved.
– Heat recovery: The heat content of 1 t of blast furnace slag
amounts to 1,800 MJ. For an average size blast furnace, the
thermal power output reaches 30 - 40 MW. In a dry granulation process this energy may be recovered and used in other
processes.
– Reduced sulfurous emissions: During wet granulation of
blast furnace slag, H2S emissions occur due to the contact
between water and slag. The use of a condensation tower
for reduction of sulfurous emissions is mandatory in many
legislations. In the dry slag granulation process, the slag is
not in direct contact with water and thus, the formation of
H2S is prevented.
– No drying costs in cement plants: Contrary to traditional blast
furnace slag which is delivered to cement plants at about
10 % humidity, dry granulated slag does not need to be dried
in the cement plants and thus, reduces CO2 emissions and
energy consumption even further.

The Paul Wurth DSG process
Liquid slag is mixed together with steel spheres so as to generate a homogeneous mixture. They provide a sufficiently
large contact surface for efficient heat transfer. The heat transfer from the slag to the steel spheres is fast enough to guarantee vitreous solidification of the slag. Furthermore, the
resulting mixture of steel spheres and solidified slag is at
elevated temperature and thus suitable for efficient heat
recovery. The temperature of this mixture depends on the
physical properties as well as on the chemical composition of
the slag. For blast furnace slag, the temperature is usually
around 650 °C.
Pilot plant in Dillingen
In 2013, Paul Wurth had built and commissioned a pilot plant
for the solidification of liquid blast furnace slag which is operated at blast furnace No. 4 in Dillinger Hütte (Germany). The
pilot plant has a proven production capacity at slag rates of up
to 8 t / min, which is the peak flow rate of BF 4. The operation
is in automatic mode.
Paul Wurth takes this opportunity to thank the whole team of
Dillinger Hütte for their competent and unwavering support.
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INNOVATIVE:
THE CIROVALTM TECHNOLOGY
BLAST FURNACE SLUDGE IS A METALLURGICAL RESIDUE WHICH, DUE TO ITS CONTENT OF ZINC AND LEAD,
CANNOT BE RECYCLED VIA THE BLAST FURNACE ROUTE. MOST OFTEN, SUCH SLUDGE IS STORED, WITH
THE RESULT, THAT THE VALUABLE IRON-CARBON FRACTION REPRESENTING MORE THAN 60 % OF THE
MATERIAL IS LOST. IN ORDER TO REDUCE LANDFILLING, ENVIRONMENTAL LIABILITY, DUMPING COST AND
FOR RECOVERING VALUABLE IRON AND CARBON, THE ZINC-LEAD FRACTION HAS TO BE EXTRACTED FROM
THIS SLUDGE. PAUL WURTH’S SOLUTION TO THIS IS THE INNOVATIVE CIROVAL™ TECHNOLOGY.

PRINCIPLE OF CIROVAL™ PROCESS
Thanks to a large expertise in the non-ferrous area, especially
in the zinc industry combined with a deep knowledge of the
blast furnace process, Paul Wurth has developed a new technology called CIROVAL™ for a low temperature selective oxidizing leaching of the blast furnace sludge.
Two-step process
During the first step, hydrochloric acid enables the dissolving of
the oxide compound, whereas the oxidant helps break the
metallic and sulfur form and limit the dissolution of iron into the
solution. The resulting pulp is filtrated and washed in a filter
press. The washing is of key importance for efficiently removing
zinc and lead: it reduces the content of impregnated chloride,
zinc and lead in the final cake. The filtrated solids consisting
mainly of the valuable iron-carbon fraction can be recycled to the
blast furnace route through the sinter plant owing to very low
content of detrimental elements: zinc < 0.3 %, lead < 0.1 %,
chloride < 0.8 % and moisture approx. 30 35 %. Around 80 %
of the sludge generated by the blast furnace can be so recovered. The filtrate containing a high chloride concentration but
also the zinc and the lead is sent to the next step of the process.
During the second step, zinc, lead and soluble iron fractions
are neutralized and precipitated. The pH is increased above 7
by addition of lime. The resulting pulp is filtrated on a filter
press and washed in order to limit the chloride content in the
final cake. The heavy metals are mainly precipitated under hydroxide form. Depending on the original zinc content of the
blast furnace sludge, the content of zinc in the cake is approx.
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15 -20 %, lead approx. 3 - 5 % and iron approx. 20 - 25 %. This
product can be reused by the non-ferrous industry. The yield
of zinc cake [dry basis] from one ton of BF sludge [dry basis]
is about 80 kilograms. The filtrate recovered from the filter
press after this second step shows a high chloride concentration but contains less than 0.5 mg / l of heavy metals like Zn,
Pb or Fe. This effluent (approx. 3.5 m3 / ton of blast furnace
sludge treated [dry basis]) can be discharged together with the
other effluents of the plant or reused within an internal circuit.
Pilot testing
The tests were initiated in laboratory, using 2 kg samples
of sludge treated in a 5 l glass reactor. The feasibility of the
process was demonstrated, the zinc and lead removal efficiency was measured and consumables were estimated. After
such successful laboratory tests, a mobile pilot plant has been
designed and built in two truck containers, able to treat up to
150 kg BF sludge [dry basis]. The objective of the piloting is
to validate the results of the laboratory campaign in a scale-up
rate of 200 and to assess the operation costs. The pilot plant
consists of:
– one agitated and heated reactor of 1 m3 volume, made of PVDF
– one filter press
– two storage tanks, one for the filtrates and the other one for
recovering the washing water
– one heated water tank,
– a PLC for controlling and operating in semi-automatic mode.
The mobile pilot plant can be sent to production sites as
demonstration unit.

1 Laboratory - Glass reactor 5 l.
2 Pilot plant - Reactor 1 m3 in PVDF.
3 Pilot plant - Filter press.
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1
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Testing results
The blast furnace sludge tested in laboratory had the following
chemical analysis: Zn: 1 - 6 %, Pb: 0.1 - 1 %, C: 34 - 60%, Fe:
16 - 34%.
The laboratory and the first pilot tests showed positive results
and some process parameters were set and improved at large
scale tests because of an optimized design of the reactor and
the mixer. The contact between particles are improved leading
to a faster reaction time. By end of 2014, Paul Wurth’s experience is more than 60 tests in laboratory and close to 20 tests
at large scale.
During these test campaigns, residence time, temperature
and chemical products (hydrochloric acid, oxidizing agent, neutralizing agent...) of the leaching and neutralisation steps were
defined and optimised following the initial composition of the
raw material.
The tests conducted on fresh blast furnace sludge have
shown a very good cleaning rate: the final concentration of the
zinc and lead inside the treated product being below 0.3 %
and 0.1 % respectively. Such results could be obtained due to
fine optimization of each process parameters and control of
the washing inside the filter press.

Economic benefit
At industrial scale, CIROVAL™ is a compact technology. Only
a footprint of 1,000 m2 is required. The main equipment are
agitating reactors and filter presses. Synthetic materials are
preferred due to the use of hydrochloric acid. The leaching and
neutralization steps are located on ground level and operated
with a cascade of agitated reactors. The pulp from one reactor
flows by overflow to the next one in order to limit pumping
and piping.
On the economic side and depending on local conditions, the
treatment of at least 30 kt / year [dry basis] of blast furnace
sludge with the CIROVAL™ technology leads to a total cost
lower than the current average price of external landfilling considering the operation costs, the capital cost and the valorization of the by-products.
CONCLUSION
The CIROVAL™ process, now ready to be industrially implemented, is based on well-known technology and chemical
reactions. The two-step process is an easy operation and enables flexible performances depending on the initial composition of the feed and on the final material acceptance in the
blast furnace process. In that way, the process achieves environmental and economical challenge, enabling steel makers
to promote a residue-free steel production .
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ENERGY RECOVERY AND
GAS CLEANING SOLUTIONS
IN STEEL MAKING AND
CONTINUOUS CASTING
THE SMS GROUP FOCUSES ON THE DEVELOPMENT OF RESOURCE-EFFICIENT SOLUTIONS WHICH ARE BOTH
ECONOMIC AND ECOLOGICAL. ECONOMIC BECAUSE THEY SAVE ENERGY AND RAW MATERIALS AND THUS
REDUCE COST, ECOLOGICAL BECAUSE THEY PROTECT RESOURCES. IN ADDITION TO NEW RESOURCESAVING PLANT CONCEPTS, SMS HAS DEVELOPED SOLUTIONS FOR ENERGY RECOVERY IN STEELMAKING
AND CONTINUOUS CASTING AND FOR GAS CLEANING PLANTS WHICH CAN EASILY INSTALLED IN EXISTING
PLANTS AND HELP TO REDUCE THEIR ECOLOGICAL FOOTPRINT.

ENERGY RECOVERY IN STEELMAKING
The SMS group developed several technical solutions to recover the energy from hot off-gas from converters, Electric
Arc Furnaces (EAF) and Continuous Casting Machines by
evaporation cooled ducts or waste heat boilers, combustible
exhaust gases by industrial power plant technologies, hot offgas at reheating furnaces and hot slabs by innovative heat exchangers.
For waste heat recovery, a two-stage boiler system is used.
In the first stage, the waste gas is led through a swivel-type
elbow, a post combustion chamber and a hot gas line and
cooled down to approx. 600 °C. These components have been
designed as pressure parts (pressurized components) for
steam generation. In the second stage, the waste gas is
cooled down to 200 °C in a convection type waste heat boiler
especially developed for this type of application. Thanks to this
concept of waste heat recovery for steam generation, a significant contribution can be made to sustainably improve the
energy efficiency of the steelworks.
Up to 30% of the overall input energy is vented off the EAF
via the hot off-gas – a big potential that can be recovered with
smart installations. Off-gas energy recovery can be done by
producing steam which can be used for a lot of applications
within the steel plant or to feed a district heating network.
SMS group has designed a compact boiler with a small footprint that can be installed close to the EAF. With this solution,
the gases can be cooled down to 200°C to guarantee a highly
efficient energy recovery rate. The electrical consumption of
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pumps and fans is reduced compared to water cooled solutions. The maintenance costs are also reduced due to less corrosion and decreased abrasion of the components. In a
conventional EAF, the installation of ERS can ensure a recovery of about 150 kWh/t of total energy.
Since mid-2013, Fuxin Special Steel (China) has been working
with energy recovery systems (ERS) from SMS for an EAF and
an AOD converter. The systems exploits the thermal energy
contained in the more than 2,000 °C hot waste gases from the
EAF and the AOD converter to produce steam. The steam is
fed into the network and can be used, for example, to cool the
electrical equipment. The energy recovery systems provide
about 36 t / hour of saturated steam, which is fed into the
works’ steam network. Thanks to the environmental concept
and the waste-heat recovery system, Fuxin Special Steel reduces CO2 emissions by 60,000 t / year.
GAS CLEANING SYSTEMS
Along the process chains of ferro-alloy production, steelmaking, secondary metallurgy and continuous casting off gas and
dusts are generated. Therefore the SMS group offers in compliance with numerous governed regulations sustainable solutions for gas treatment. This includes technologies for gas
collection, cooling, cleaning and recovery. Among primary gas
cleaning systems like dry electric precipitators for converter
steelworks (picture 4) there is also supply of innovative technologies such as wet electric precipitators – hydro hybrid filter
systems – for retrofitting of existing scrubber type off gas
cleaning systems.

1 Pilot installation for energy recovery from hot slabs.
2 Typical layout for energy recovery system EAF.
3 Steam drum for the transfer and use of the generated
steam at Fuxin Special Steel.
4 Gas cleaning plant of PNTZ (Russia).
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Hydro hybrid filter systems ensure the achievement of strict
regulations and offer considerable economic advantages: Electricity costs can be saved up to 1 million € / year. The innovative process also speaks for itself from an ecological point of
view through guaranteed clean-gas dust contents with values
of below 10 mg per standard m3 of converter gas.
To control and optimize the energy efficiency at gas cleaning
systems, SMS group has developed a new system called gas
cleaning assistant. A network model of the gas cleaning system is stored in the plant control system. An algorithm calculates the opening positions of the exhaust air flaps and the
required negative pressure. The model's description of the
pipework system enables the flaps to be positioned with a
high degree of accuracy in the system. A variable negative
pressure ensures excellent energy efficiency. The algorithm
reacts in a flexible and robust manner to the different process
requirements and does not need any additional measuring
technology. It has shown in practice that with the same
or better de-dusting quality energy savings of up to 25 %
with Return of Investment (RoI)-times below one year can be
realized.

A newly developed construction allows recovering a part of
the energy by collecting the heat radiation with heat exchangers. The heat is converted into steam which can be fed into a
steam grid for various purposes or can be used for generation
of electrical power.
The worldwide first pilot plant for energy recovery from hot
slabs was commissioned successfully at Salzgitter Flachstahl
in March 2015. Despite of the small pilot plant there is a feed
in of 1.6 MWth per hour into the steam network. This means
a substitution of fossil fuels to make a significant ecological
as well as economical contribution.

ENERGY RECOVERY FROM HOT SLABS
Hot slabs leave the casting machine with surface temperatures between 850 and 1,050 °C. Usually the slab heat is released unused to the environment. The most effective
solution to keep the energy in the process is either hot charging of the slabs directly to the hot rolling mill or to hold the
temperature e.g. by isolating boxes.
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AUTOMATION SOLUTIONS FOR
ECONOMICAL AND ECOLOGICAL
UPGRADE OF STEELMAKING
PLANTS
ENERGY AND REFRACTORY ACCOUNT FOR 45 TO 50 % OF THE CRUDE STEEL PRODUCTION COSTS AND CONTRIBUTE SIGNIFICANTLY TO THE CARBON FOOTPRINT OF THE END PRODUCT. ANY EFFORTS TO CONTROL AND
REDUCE THESE COSTS WILL AUTOMATICALLY INCREASE THE COMPETIVENESS AND REDUCE CARBON EMISSIONS.
SMS HAS DEVELOPED INNOVATIVE SOLUTIONS WHICH COMBINE ADVANCED MEASUREMENTS WITH INTELLIGENT
ALGORITHMS TO CONTROL, MANAGE AND OPTIMIZE THE STEELMAKING PROCESS IN A SMART WAY. THESE
SYSTEMS SIGNIFICANTLY INCREASE THE ENERGY EFFICIENCY AND REDUCE PROCESS AND ENERGY COSTS.

INTELLIGENT CONTROL SYSTEMS
Up to 70 % of the variable costs of finished products (coils,
plates etc.) already incur in the steelmaking process. Energy
and refractory costs alone account for 45 to 50 % of the crude
steel production costs and thus contribute significantly to the
carbon footprint of the end product. Any efforts to control and
reduce these costs will automatically increase the competiveness and reduce carbon emissions.

mation available in the basic automation, additional measurements such as sound recordings are used for the intelligent
control.

In the Electric Arc Furnace (EAF), for example, the X-Pact®
FEOS (Furnace Energy Optimization System) optimizes different forms of energy input such as electricity, fuel, carbon and
oxygen while at the same time increasing the refractory lifetime and reducing the tap-to-tap time. Energy saving of 4 %,
decrease in carbon usage of 21 % and a total decrease in production costs of 5 % have been recorded.

At the BOF (Basic Oxygen Furnace), the X-Pact® Level 2 Automation for BOF Shops, via a patented algorithm, allows the
plant operators to consistently produce to target carbon content and temperature values, reducing the treatment time and
reducing the number of re-blows. Here, a more integrated approach towards energy and process optimization involves the
use of process models. Instead of direct control based on
process information, a metallurgical mathematical model describes the complex process and helps to run it in an optimum
manner. The BOF process model has been designed to provide a fully computer-controlled blowing process, with consideration of the charging materials and the available equipment.
The operators are informed about all current activities in a simple and convenient manner. The implementation of such a
model increases the hit rates of the target values by optimum
usage of material and energy input. Including dynamic waste
gas analysis, impressive hit rates for temperature and carbon
content have been demonstrated even under suboptimal conditions.

The FEOS optimizes the energy consumption and productivity
by using an intelligent control system. The electric power input
is increased while avoiding critical temperature levels in the
furnace shell. The use of media such as carbon and natural
gas is controlled in the most efficient way, minimizing the
overall consumption of energy and media. Besides the infor-

The X-Pact® Gas Cleaning Control system reduces the power
consumption and increases the CO concentration (important
for gas recovery) in the primary gas cleaning system. It controls the Venturi throat for high-frequency changes, and for
low-frequency changes it controls the speed of the VVVF-driven ID fan. Savings of up to 8 % have been recorded.

The most direct approach to increasing the energy and
process efficiency is the use of intelligent control units, where
the measurements of different field equipment are interconnected and evaluated. Improvements can be achieved by continuously observing the process and by responding to the
findings, taking all aspects of the process into account.
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1 X-Pact® Gas Cleaning Assistant.
2 Monitoring of energy linked to the complete production process.
3 FEOS saves energy and money.
1

3

2

Since it operates with the secondary gas cleaning system and
is hence applicable to almost all steel plants, the X-Pact® Gas
Cleaning Assistant optimizes the online control of individual
dampers, based on the modeling of fluid resistances of the
ductwork in gas cleaning systems. It guarantees optimum
dust removal from the workplace at minimum energy consumption. It has been shown in practice that with the same
or better gas cleaning quality, energy savings of up to 25 %
can be achieved.
MANAGEMENT AND OPTIMIZATION
Other systems complement the automation system from the
management and optimization point of view. The X-Pact®
Ladle Management System, by controlling the ladle running
operations for reduced ladle waiting times, improves the average thermal content of the ladle and thereby reduces the
consumption of oil, electricity and refractories. It has a modular
design, whereby the different modules can be used individually and have been successfully tested at various plants. The
comprehensive and consistent system for ladle management
detects and identifies the ladles and allows automatic heat announcement to the automation systems. It gives accurate instructions for ladle maintenance, prevents ladle break-outs,
precisely detects the lining conditions and thus increases the
ladle service lives. The overall optimization of the requirements made on the ladle, including the temperature profile,
helps to increase the safety and reduces the energy costs.

energy for all plant units. Using the Energy Advisor, energy efficiency potentials can be detected and exploited, significantly
reducing the energy costs for production. The main focus is
on the connection of consumption and process data, exploiting
the long experience of SMS in the steel and rolling mill industries. By incorporating process information, the energy efficiency can be continuously supervised, narrowing the data
down to key performance indicators and helping to move towards better energy productivity. Additional features support
the energy procurement, energy controlling and certification
according to ISO 50001.
The electrical and automation systems benefit from the experience of SMS as plant-builder. All products are implemented
along with energy-efficient drives, intelligent start-stop mechanisms and other measures for improving energy efficiency.
By integrating these measures into the modernization of the
plant’s automation equipment, the pay-back time is decreased
yet further.

The X-Pact® Energy Advisor is an energy data management
system which analyzes the consumption of various forms of
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CONVERTER EXPERTNESS
THE HEART OF STEEL PRODUCTION BEATS INSIDE THE CONVERTER. HIGH PRODUCTIVITY AND
QUALITY CAN ONLY BE MAINTAINED BY CONSTANT MODERNIZATION. ALL REVAMPS BY THE
SMS GROUP FOCUS ON CLEAR GOALS WHICH ARE TO INCREASE THE PLANTS’ EFFICIENCY BY
MINIMIZING DOWNTIMES, TO REDUCE MAINTENANCE COSTS AND TO ENHANCE THE SERVICE
LIFE OF COMPONENTS.

OPTIMAL ADJUSTING OF THE SPECIFIC CONVERTER VOLUME
Any revamp can re-adjust the specific volume. That offers you
special advantages:
– Extended service life of the refractory material resulting in
lower re-lining costs,
– Less slopping, therefore increased output and reduced maintenance costs, better achievement of metallurgical target
values at the end of the blowing process
– Besides yield improvement in your meltshop, it also helps
to enter into lucrative market segments by enhancing the
steel quality.
HIGHER TAP WEIGHTS AND PRODUCTION QUANTITIES
You can achieve significant productivity growth in your existing
plants by taking intelligent replacement and modernization action at your converter and its environment.
The main increases are based on these factors:
– Greater tap weights,
– Use of bottom flushing systems,
– Use of sub-lances,
– Improved Gas Cleaning and energy recovery,
– Enhanced converter tilting drives to further minimize
process downtimes.
LAMELLA SUSPENSION
The converter suspension system is a mechanical link between
the converter and trunnion ring, the function of which is to support the vessel during all phases of operation. There are two
types of vessel suspension: one that has the vessel resting on
the trunnion ring and the second, where the vessel hangs from
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the ring. The latter has a competitive (advantage) edge over
the first because it truly suspends the vessel, thereby taking
care of all physical expansion of the converter during hot operation. The SMS group lamella suspension system falls under
the second category, suspending the vessel from the trunnion
ring by means of lamellas acting like ‘leaf springs’. With suitable modifications and optimization being done over time,
lamella suspension still presents the most advantageous solution in converter design. An important factor for the success is
the low maintenance requirement. If maintenance can be minimized or eliminated, the availability factor increases. This results in more economic efficiency of the system.
MODERNIZATION AT SALZGITTER FLACHSTAHL GMBH
An example of extensive converter modernizations is the projects at Salzgitter Flachstahl (Germany). The revamp of converter A at the Salzgitter works in 2013 was one of the most
extensive that SMS has carried out. In order to achieve a more
stable and productive process, the specific volume of converter A was increased by approximately 25 percent. The deployment of the lamella suspension system developed by
SMS made more efficient use of the installation space. “Plant
operation must go on” was the motto throughout the comprehensive project activities – no interruption to the continuous production of crude steel and slabs was permitted. As a
result of this modernization, quality, metallic yield, safety and
availability of the converter were increased.
In 2015, the SMS group will also modernize converter C. For
this project, Salzgitter Flachstahl GmbH has ordered a new con-

1 The modernized converter at Salzgitter Flachstahl, Germany.
2 SMS group developed an efficient converter vessel-changing concept.
3 Fuxin Special Steel: the new AOD converter in operation.
4 Tata Steel, Jamshedpur, India: SMS commissioned two 170 ton BOFs, they
are equipped with the maintenance free lamella suspension system.
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verter vessel. For better control of the metallurgical process,
this converter vessel will also have a larger specific volume, in
this case by 18 percent. SMS will supply the converter vessel,
the trunnion ring complete with drive unit, the vessel suspension system using the lamella system developed by SMS
group, the trunnion bearings and the bearing pedestals.
CALIBRATION SYSTEM FOR BLOWING LANCES
The thermal loads in the BOF converter have a significant influence on the service lives of the lance head and the Laval
nozzles. The process mode and other influencing factors like
the flow, entry pressure and temperature of the oxygen and
also the ambient pressure inside the converter have a strong
effect on wear. Since during operation the real actual conditions in the lance head are not known, the Laval nozzles may
be operated inappropriately. As a result, the oxygen jet may
vary unintentionally, leading to a suboptimal effect on the
blowing process and accelerated wear of the lance heads. The
consequences lead to an unnecessary lance change. Now, by
means of a newly developed technique, SMS measures the
entry pressure and temperature of the oxygen directly at the
lance head, while the blowing process is taking place. At the
same time (simultaneously), sensors measure the volumetric
flow, the pressure and the temperature at the valve station.
On the basis of data evaluations and comparisons, plant operators can design the Laval nozzles in the lance head in such a
way that the prevailing process parameters correspond to the
design parameters. They either improve the flow conditions
in the lance head by influencing the quantity and pressure via
the valve station or adjust the geometry of the Laval nozzle.
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Thus the calibration system helps to optimize the blowing
process and saves on oxygen. This prolongs the service life
of the blowing lance and cuts operating costs.
NEW ACTIVE TORQUE SUPPORT FOR AOD CONVERTERS
In stainless steel production, the treatment process in the
AOD converter causes heavy vibrations leading to major
stresses in the entire system from the vessel down to the
foundations. The active torque support, a new development
by SMS, can reduce these vibrations in the drive train up to
90 percent. It is also suitable for retrofitting of existing AOD
converters. The first converter tilt drive incorporating this novelty was supplied to Fuxin Special Steel (China).
At the 180-ton AOD converter of Fuxin Special Steel, an active
torque support confirmed the benefits achieved in pilot tests.
Measurements during more than 1,100 melts showed that
those critical vibrations in the drive train can be reduced to a
fraction of the previous values with the aid of the newly developed hydraulic torque support. This leads to a longer service life and availability of the tilt drive and finally also of the
entire converter.”
With this new solution the tilt drive is no longer fixed by a rigid
torque support: dangerous vibrations are controlled by an intelligent hydraulic system. The design of this absorbing system permits the converter to move flexible in all directions,
and hence prevents the equipment from building up potentially
fatalresonance frequencies.
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CHALLENGING
CONVERTER REPAIR
AS A LIFE-CYCLE PARTNER, SMS POSSESS LONG TERM EXPERIENCE IN PLANT REPAIRS. THESE INCLUDE
EXAMPLES OF PLANT VIABILITY OR ASSURANCE OF CONTINUOUS PLANT OPERATIONAL SAFETY.
IN ADDITION TO DELIVERING ENTIRE PLANTS IT’S ESPECIALLY IMPORTANT FOR A SYSTEM SUPPLIER LIKE
SMS TO OFFER INDIVIDUAL SUPPORT, QUICK AND ECONOMICAL REPAIRS AND / OR THE MODERNIZATION
OF EXISTING PLANTS USING NEW TECHNOLOGY.

DESPERATE SITUATION?
An example for a quick, individual customer support by means of
the SMS service was the successful repair at Tata Steel Europe,
Port Talbot Works (Great Britain). In March 2012, a report from
Stephen Dawson, Works Engineer, at Tata Steel Europe, Port Talbot arrived at SMS Technical Service Division: “We changed vessel trunnion bearings on vessels last year. During the change we
noticed that there was a distortion of 1.5 ° on Vessel 1’s trunnion
shafts. Since that our acoustic monitoring system has gone into
alarm on vessel 1 several times. We are concerned that the trunnion distortion is having an effect […]. Could you let me know if
this is something that SMS support us with?”
Although the situation at the converter appeared hopeless due
to strong angular deviation, a straight forward repair was possible without having to replace the converter completely. Due
to the imminent commissioning of the new blast furnace, the
converter needed to be available as soon as possible and perform reliably. Delivering a completely new system was not an
option. In order to avoid this, Port Talbot took several methods
of repair into consideration like correcting the distorted bearing
using mechanical machining, using bearings with greater tolerances or by turning the ring.
SUCCESSFUL REPAIR BASED ON ACCURATE ANALYSIS
FROM AN EXPERIENCED PARTNER
Tata’s plant managers asked SMS for advice. From a distance
it was particularly difficult for the SMS experts to assess any
situation; thus they recommended an on-site inspection which
was carried out in May 2012. Stephen Dawson, Works Engineer, Tata Steel: “Although in the beginning we found it diffi-
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cult to accept SMS, recommendations, as the bearing supplier
had already been on-site numerous times, it turned out to be
the right decision after all.”
After the inspection, the SMS report stated, that “a tight gap
between trunnion ring and converter vessel blocked the natural cooling and chimney effect. This had biggest influence of
distortion on the vessel and trunnion ring […]. Pre-tensioning
cannot be managed. The wires are corroded, […] the converter’s long service had left its marks. High temperatures
were transferred from the vessel to the trunnion ring and its
suspension. The risk of the vessel crashing is great.”
The report from the SMS experts showed that Tata Steel
would have to adjust and newly fasten the trunnion ring without delay. Extreme deformations were visible and the vessels
were no longer reliably fastened. Continuing production would
be too risky and an immediate repair was inevitable.
Individual solutions
To these results SMS responded quickly with professional solutions, which were then discussed with the plant operators.
The replacement of the clamping elements was obvious. But
a long delivery time of several months made it impossible for
Tata to wait to renew the clamping elements. This attributed
to the conversion to the modernization of a maintenance free
lamella suspension system of SMS, what is standard equipment in modern converter systems today. Due to the fact that
SMS had immediate access to the raw material, it was possible to supply the new suspension within a mere ten weeks.
Tata Steel decided in favor of this safer, faster and for all things
future oriented solution.

1 Removing a 4,500 mm-wide trunnion ring segment was inevitable.
2 Even at a pump pressure of 680 bars the wedged vessel did not move.
3 Extreme deformations were visible.
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1

3

THE REPAIR
In September 2012 Tata Steel began with the preparations for
the repair. A few days later the SMS experts met and monitored this critical work.
Deformation
The first measurements showed the huge extent of distortion
that had taken place. It then became visible that the vessel
too was severely deformed. The trunnion ring and vessel were
partially in contact over a distance of 1.5 m. Even a pump pressure of 680 bars could not move the wedged vessel. Here
again SMS was able to supply practical methods which could
be quickly realized and recommended adapting or replacing
the segment. Due to the time constraints, Tata Steel decided
to perform this on one side only. The working conditions at
the converter were made more difficult given the existing
space restrictions. With the new segments in place, the team
had a sufficient gap between the ring and vessel. November
led the team to one of the most exciting challenges: the correcting of the position of the trunnion.
Cracks
Additionally experts discovered defects on the bulkhead plate
fillet welds and a long crack in an important web plate. To fix
the varying thicknesses in the walls caused by the wash out
effect, prior patch welding was required. A SMS welding expert and a team of welders started the massive repair work.

Mounting
On the evening of November 25, 2012 a team of SMS experts
and welders fastened the first lamella. The distortion made
the installation of the lamellas very complicated. Resolute in
achieving their goal the team worked steadfastly together. And
it worked, at Christmas time approximately 480 h were logged
and circa 90 % of the lamella’s welds were completed.
Commissioning
After all measurements had been taken and all the welds
checked, Tata heated the vessel in January 2013 and the converter resumed operation. Tata had reached their main goal,
along with the straightening of the trunnion shaft. Stephen
Dawson, Tata Steel: “The last few weeks and months have
cost us a lot of energy. During this emergency situation we
were pleased to have had SMS on our side. This situation required a good deal of organization, endurance and patience
from our side, but now it’s finally completed. The converter is
once again in operation. Together we gained valuable experience that will be used when implementing the repair at the
second converter.” For SMS it’s an especially demanding and
exciting challenge when it comes to the repair of a converter.
As the system supplier there are many contributing factors
that led to success here, mainly vast expert experience and
in-depth knowledge regarding plant engineering. Many plant
operators encounter similar problems with different plants.
Working together with a professional partner facilitates making
the right decision early on. As a result most often consequential damage can be prevented or detected.
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EAF STEELMAKING: SAFETY,
PROCESS OPTIMIZATION AND
ENVIRONMENTAL PROTECTION
MODERN ELECTRIC STEELMAKING NOWADAYS IS DRIVEN BY THE THREE KEY ASPECTS SAFETY, PROCESS OPTIMIZATION AND ENVIRONMENTAL PROTECTION. ENSURING HIGH LEVEL OF SAFETY DURING OPERATION AND
A CONTINUOUS PROCESS OPTIMIZATION TO INCREASE PRODUCTIVITY, HAVE BEEN THE TARGETS OF ALL STEELMAKERS FOR LONG TIME. ENVIRONMENTAL PROTECTION IS AN ASPECT THAT IS CHARACTERIZING NOT ONLY
STEELMAKING, BUT IN GENERAL, ALL THE MODERN INDUSTRY. THE SMS GROUP HAS DEVELOPED TECHNICAL
SOLUTIONS AND TOOLS THAT FULFIL CUSTOMER REQUIREMENTS AND MEET NEW WORLDWIDE STANDARDS.

SAFETY AND PROCESS OPTIMIZATION
The issues of safety and productivity are sometimes considered as being opposed to each other. Since safety is considered a key factor of the production process, a lot of effort is
being made to make steelmaking as safe as possible with the
minimum presence of operators. Together with safety tools,
a process optimization has been studied, especially for secondary metallurgy treatment where reliable results are the
base to produce prime quality steel.

RobEBT System
The EBT (Eccentric Bottom Tapping) area is an operational
zone that is quite crowded during EAF turnaround activities
and is very sensitive with respect to safety. SMS group has
developed a system below the EBT called RobEBT that helps
clean away any residual steel or slag from the underside of
tap hole and can also remove obstructions from the inner or
top side. It acts from under the shell with semiautomatic control commanded by an operator from a safe distance.

Automatic slag door (Condoor)
The slag door is one of the most hazardous areas around the
furnace. The newly developed automatic slag door (Condoor)
completely seals the furnace opening and at the time of
deslagging, performs a “push” cleaning cycle to remove any
scrap in front of the door that could interfere with the subsequent activities. The Condoor eliminates the need for cleaning
of debris around the slag door manually or with semi-automatic systems. Condoor also lists a series of savings and collateral benefits that make the equipment a good investment
in terms of OPEX and productivity. By sealing the opening,
thus preventing air intrusion, it reduces oxidation of electrodes
and roof delta consumption. The Condoor saves additional oxygen consumption for the door lance cleaning and helps save
energy by keeping the bath warmer. As an important metallurgical result, the Condoor helps FeO reduction from slag to
liquid bath, thus increasing the charge yield. The Condoor has
been installed in several new and existing since 2010; its installation has no limitation in relation to charge mixes that are
different from scrap.

Another EBT dangerous operation is the non-spontaneous
opening of the bottom tap hole; a second device allows using
an oxygen lance to remove the refractory sand, helping the
operator to perform the conventional tapping procedure.
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EAF tuning with SMS Injection System
To achieve high steel quality and productivity in the EAF, everything from melting to tapping must be precisely balanced and
controlled. Tools like oxygen injectors have a big impact on the
EAF process since they support the melting and refining
phases along the heat. Unlike conventional solutions, the SMS
Injection System (SIS) combines the burner and the oxygen
injector in one specific tool. SIS injector allows accelerating
the melting rate and improving the decarburization of the liquid
steel by maximized oxygen injection efficiency. Additionally
proven advantages of SIS system are that they have no impact
on refractory wearing, a low maintenance, up to 70% savings
in gas consumption and easy handling. The injector can be installed on new or existing EAFs ensuring reduction of the cost
for each ton of steel produced and guaranteeing a fast ROI.

1 SIS injectors in operation.
2 New FTP – Low power and emission.

1

2

Sand filling device
In conventional EAF configuration, traditional activities such as
the sand filling operation and the visual check of the EBT hole
need the operator to be physically present at the EBT panel
even sometimes before the tap has finished. For this reason
automatic sand filling has been developed; through the use of
a thermal video camera, the EBT conditions can be checked
and the proper quantity of sand can be filled in the tap hole.
Besides the obvious increase of safety, a significant reduction
in power-off time has been recorded since the sand filling
cycle is completely integrated in the EAF automation and
starts as soon as tapping operation is completed.
XL mechanical vacuum module pump
The XL Module is a vacuum pump system used for steel vacuum degassing and is specifically designed for steel industry.
Each module is composed of 3 pumps (stages) installed on a
common frame called skid. SMS’ skid has a suction capacity
in the range of 45,000 m3/h at a pressure of 0.67 mbar. The
final suction capacity required for the degassing process is
achieved by assembling more modules together. Compared
to the competitors, SMS XL Module has bigger pumps and
motors; this helps to reach a short evacuation time and higher
system flexibility for quick acceleration and reaction. Another
value-adds of the system are high pumping speed at minimum
pressure level attained, short evacuation time, effective control of degassing process, achievement of the metallurgical
performance even in case of a pump failure, quick reactivity
against foaming slag and no warm-up cycle from cold start.

ENVIRONMENTAL PROTECTION
The fume treatment plant (FTP) is a key component in global
meltshop efficiency and for environmental issues. Over recent
years, market demand has been more sensitive towards the
optimization of the suction performance and emissions during
the different production phases. Being the largest consumer
of energy, the EAF generates hot and dusty off-gas which can
be used for energy recovery. The special design of the
Ecoplants Energy Recovery System (ERS) allows converting
up to 20% of the overall EAF input energy either into hot water
or steam which may be used for various applications.
New FTP – Low power and emission
To follow market demand for a further reduction in terms of
cost of electric energy and emission optimization, SMS group
has commissioned a fume treatment plant characterized by
pioneer solutions of new arrangements and design of canopy
hood, ducting, quenching tower and filter-stack group. These
new solutions allow the FTP to work with total pressure values
below 3,000 Pa, which is very close to the physical lower limit
achievable for an industrial plant. Furthermore, these solutions
have no significant increase in maintenance costs and at the
same time decrease the electrical energy consumption. Due
to the particular configuration, the FTP has an electrical energy
consumption below 10 kWh/t of steel produced. The new
FTP is able to reduce the emissions, in terms of dust at stack,
below 0.5 mg/Nm3 and thanks to an active carbon injector,
which works automatically in function of water and off-gas
process temperature, to reduce the PCDD/PCDF emissions
below 0.1 mg/Nm3 I-TEQ.
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ELECTRIC STEEL PLANT
TECHNOLOGY – NEW CONCEPTS
THE STEEL INDUSTRY WORLDWIDE STRUGGLES WITH OVER CAPACITIES. STEEL PRICES HAVE BEEN STABILIZED AT
LOW LEVELS WHEREAS RAW AND MATERIAL COSTS ARE INCREASING. STEEL PRODUCERS INVEST IN PROJECTS WITH
PRODUCTION COST CUTTING POTENTIAL LIKE SMALL PLANT MODERNIZATIONS INCREASING PRODUCTION EFFICIENCY OR REDUCING ENERGY CONSUMPTION. THE TREND IN THE STEEL INDUSTRY TO ENVIRONMENTAL AWARENESS CONTINUES. OTHER MARKET DEMANDS FOCUS ON FLEXIBLE PLANT CONCEPTS AND PRODUCTION OF HIGH
QUALITY STEEL GRADES. SELECTED INNOVATIVE PLANT TECHNOLOGIES ARE PRESENTED IN THE FOLLOWING PAPER.

SHARC – THE COST EFFECTIVE MELTING MACHINE
The 100 ton DC shaft arc furnace at Hellenic Halyvourgia in
Velestino, Greece, is in operation since 2001 and has continuously been upgraded during the last 14 years. It is a remarkable success story of a furnace that started with technical
challenges and has turned out to be a mature, extremely flexible and efficient electric arc furnace. In the development of
steelmaking equipment, chances are very rare to live a technical development with such ground-breaking results. The
basic design advantages and improvements done during the
years have made this installation a success. The furnace is
extremely cost effective, flexible and efficient with record
breaking figures in various categories, e.g. electric energy consumption below 280 kWh/t.
Its double shaft design with symmetrical thermal and mechanical load, a well-designed oxygen technology and the rigid and
reliable scrap retaining system installed are resulting in significant cost advantages in the areas of energy and productivity,
areas which in today’s economic environment are more important than ever.
STEADY ELECTRIC ARC FURNACE, S/EAF® –
UP TO 30 % PRODUCTIVITY IMPROVEMENT
In mini mills producing high-quality flat products the melting
of virgin material like DRI/HBI in an electric arc furnace is of
special importance. SMS group developed a new type of electric arc furnace. The ARCCESS® steady EAF (S/EAF®) is a stationary electric arc furnace that is designed for the charge >
50 % of DRI, HBI. The key component that ensures continu-
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ous operation is the electrode holding and slipping device
known from the SMS group Submerged Arc Furnace Technology (SAF).
Due to the fact that the S/EAF® can be operated continuously,
it is especially suited for the direct charging of hot DRI with
temperatures up to 600 °C. Cold DRI and hot briquetted iron
(HBI) can be charged as well in case the direct reduction plant
is not in service. With optional equipment the S/EAF can also
be charged continuously with shredded scrap or hot metal.
The continuous operation - charging and tapping under power
on - for about one week together with a closed roof operation
minimizes radiation losses. The continuous flat-bath operation
using foamy slag reinforces this effect. Consequently the
S/EAF® operation saves energy and production costs and improves productivity by up to 30 %.
PRIMARY ENERGY MELTER (PEM) –
THE ECO-FRIENDLY WAY OF MELTING
The Primary Energy Melter (PEM) is a cost-effective, ecofriendly shaft furnace for melting scrap. The basic idea of the
PEM process is to use directly primary energy instead of electricity to melt the scrap. The target is to feed the required thermodynamic minimum energy value for preheating and melting
(~90% of required energy) by primary energy and the energy
for superheating (~10%) by electricity in a subsequent second
vessel. Energy losses through the electric power generation
and transmission are minimized and the overall CO2 emissions
are reduced more than 30 %. Therefore the PEM process is

1 Sharc (Shaft arc furnace).
2 Solutions for all cases of charge material in electric steel making.
3 Primary Energy Melter (PEM).
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predestined for areas with limited electricity power availability
or limited electricity grid stability.
The PEM is a shaft furnace charged continuously from the top
via a sluice with scrap by a conveyor belt, skip or scrap bucket.
The melting takes place in the lower part of the shaft by
natural- or process-gas or oil burners. The scrap preheating
uses the counter flow principle resulting in minimum overall
energy consumption. The melted material is transferred continuously into a subsequent second vessel, e.g. a ladle furnace
via a launder.
In a basic oxygen furnace (BOF) steel making plant, production
can be increased by installing upstream a PEM. It is a flexible
installation for production as the installation can be switched
on and off instantly, unlike in a blast furnace. Moreover, the investment is fairly low in comparison with an EAF and process
gases can also be used as fuel. ArcelorMittal and SMS group
have built a first pilot scale PEM located at Gent steelworks
to increase hot metal offer for the BOF with a capacity of 30 t
per hour.
ArcelorMittal and SMS goup have built a first pilot scale PEM
located at Gent steelworks to increase hot metal offer for the
BOF with a capacity of 30 t per hour. The PEM is an optimal
melting device for nano-, micro- and mini-mills with an annual
capacity of up to 1 mio. t per year or an additional melting unit
to increase production in common steel works.
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COST AND PROCESS
ENHANCEMENT FOR VOD
OPERATION
THE VD (VACUUM DEGASSING) AND THE VOD (VACUUM OXYGEN DECARBURIZATION) PROCESSES HAVE BEEN DEVELOPED
FOR REFINING OPERATIONS IN SECONDARY METALLURGY OUTSIDE THE MELTING FURNACE. OWING TO THE PRESSUREDEPENDENT REACTIONS AT THE SURFACE OF THE STEEL BATH AND TO THE INTENSIVE MIXING OF THE MOLTEN STEEL
AND THE SLAG, THE UTILIZATION OF SPLASH SHIELD SYSTEMS BECOMES NECESSARY DURING THE OPERATION OF VD
AND VOD PLANTS. THE INNOVATIVE SPLASH SHIELD DEVELOPED BY THE SMS GROUP NOT ONLY MINIMIZES THE EXPENSIVE CLEANING WORK AND REPAIR OPERATIONS BUT MAY ALSO IMPROVE METALLURGICAL RESULTS.

The VD (Vacuum Degassing) and the VOD (Vacuum Oxygen
Decarburization) processes have been developed to carry out
refining operations in secondary metallurgy outside the melting furnace. The VD/VOD system also offers the feature of
performing all metallurgical process steps in one unit. The
SMS group has gained experience in stainless steel refining
from more than 100 VOD installations. Not only steam ejector
vacuum pump systems but also mechanical vacuum pump
systems have been applied for the refining process.
Both VD and VOD processes are characterized by intensive
steel and slag reactions during the vacuum treatment of the
liquid steel, accompanied by pressure-dependent reactions
and formation of gas at the surface of the steel bath. In the
VOD process for the manufacture of stainless steel grades,
furthermore, a forced decarburization of the liquid steel is performed by the top-blowing of oxygen by means of a watercooled lance under vacuum conditions. This results in the
vigorous formation of carbon monoxide at the steel bath surface.
The pressure-dependent reactions and the accompanying formation of gas make it necessary to provide for adequate ladle
freeboard in relation to the steel bath surface. For pure
degassing treatments aimed at removing undesired steel accompanying elements such as hydrogen and nitrogen, consideration is given to ladle freeboards of 600 to 800 mm for the
VD process when designing the teeming ladles. For decarburization processes using an oxygen blowing lance, provision
must be made for ladle freeboards of at least 1,000 mm to
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1,500 mm, depending on the oxygen blowing rate and the
weight of the molten steel.
In addition to the ladle freeboard, splash shield systems are
utilized for avoiding the ejection of molten steel and of liquid
slag during the vacuum treatment. These systems are also
used for protecting the equipment belonging to the vacuum
vessel cover.
DISADVANTAGES OF CURRENT SPLASH SHIELD SYSTEMS
Keeping in mind the current situation in a typical European
steelworks, the disadvantages of the old splash shield system
are to be indicated for the operation of a VOD system for the
manufacture of stainless steel grades. Today as a state-of-theart procedure, a deslagging operation is performed on the
molten metal bath while it is suspended in the crane, directly
after the tapping of the crude steel from the EAF melting unit.
The teeming ladles are often fitted with a 'tapping spout' to
facilitate deslagging procedure. This spout, however, becomes
strongly contaminated after the deslagging and is no longer
cleaned prior to VOD treatment.
Before the refractory splash shield is mounted on the ladle rim
by a shop crane prior to vacuum treatment, operating personnel must apply refractory compound, supplied in individual
packets, by hand on the uneven ladle rim in order to seal the
gap between the splash shield and the rim. This precautionary
measure is both time-consuming and work-intensive and is
carried out in a separate ladle treatment station outside the
VOD plant.

1 Splash shield in operation after VOD process conditions.
2 New splash shield projecting into the area of the ladle freeboard.
3 Typical VOD plant layout.
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Following the VOD treatment and removal of the splash shield
by the shop crane, a large amount of adhering steel is visible
in the top part of the teeming ladle despite the ladle freeboards of more than 1,000 mm. This ladle needs to be cleaned
as part of a production campaign for stainless steel which
often causes damage to the refractory lining and to the steel
shell of the teeming ladle. These disadvantages call for a solution to reduce the time-consuming and cost-intensive measures.
MODIFICATION OF THE SPLASH SHIELD
SMS group has developed and tested a new type of refractory
splash shield. The basic feature of the new concept is that the
splash shield is not mounted on the ladle rim, but projects into
the area of the ladle freeboard. The length of the refractorylined component is selected such that this component is not
in direct contact with the steel bath surface during the vacuum
treatment. The process gases are extracted under vacuum
though the opening in the top part of the component and also
via the gap between the ladle rim and the component.

TEST RESULTS
The advantages of the new refractory shield design are backed
by intensive and stringent tests. During the production of a
stainless steel grade 1.4307 - X2CrNi18-9a, a time advantage
of approx. 29 minutes (extending from the tapping of the
crude steel to the start of the VOD process) was gained as a
result of the work expenditure described above no longer
being required. The fact that there is no longer any need for
crane handling to remove the splash shield following the decarburization treatment steps (i.e. forced decarburization by
oxygen blowing and vacuum carbon deoxidation) results in a
further time advantage of approx. 14 minutes. The entire test
melts carried out hitherto showed, moreover, that on taking
into account the off-gas quantity, treatment pressure and offgas analysis, there was no need for the previously calculated
quantity of oxygen to be blown. The oxygen blowing phases
and also the subsequent final melting phase tended to become shorter. The metallurgical result will continuously be observed and substantiated.

The tests carried out did not result in any adhesions of steel
or slag nor in any bridging between the ladle wall and the
splash shield. At the start of the treatment, some of the
molten steel baths showed carbon contents of more than
1 %. The oxygen blowing phases lasted for up to 95 minutes
during the treatment.
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THE NEW VACUUM INDUCTION
MELTING TECHNOLOGY (VIM)
VACUUM INDUCTION MELTING (VIM) IS THE PREFERRED MANUFACTURING TECHNOLOGY FOR HIGH-INTEGRITY
STEELS AND NON-FERROUS ALLOYS, FOR USE IN THE MOST DEMANDING APPLICATIONS. THE QUALITY IMPROVEMENTS RESULTING FROM THE USE OF VACUUM MELTING HAVE ENABLED GROUND-BREAKING DEVELOPMENTS IN
INDUSTRY SECTORS SUCH AS AEROSPACE, OIL AND GAS, AUTOMOTIVE AND ELECTRONICS. THE FIRST VIM X-EED®
WAS COMMISSIONED IN LATE 2014 AT TATA STEEL IN THE UK.

VACUUM INDUCTION MELTING TECHNOLOGY
SMS group’s new vacuum induction furnace (VIM X-eed®)
combines decade-long experience gained in the design and
construction of secondary metallurgical units (such as RH and
VD / VOD units) and the improvement of the design and operational aspects of the classical VIM technology and equipment.
The VIM X-eed® for Tata Steel Speciality Steels (UK) was commissioned in the first quarter of the year 2015 and put into operation in the second quarter of 2015. This demonstrates the
personal commitment of both company project teams (Tata
Steel Speciality Steels and SMS group) in contributing to the
success of the VIM X-eed® project. The unit is adaptable for
induction melting crucibles in capacities from 6 to 18 t thus
enabling different order capacities.
The VIM X-eed® unit meets maximum production requirements and, thanks to its high degree of automation, ensures
high productivity. The concept of the VIM unit is based on a
two-chamber system, in which casting and melting chambers
are arranged adjacent to each other. The independent design
of the melting and casting chambers allows for maximum productivity and incorporates charging and tundish exchange
under full vacuum or under inert gas atmosphere.
BENEFITS
– Melting in an oxygen-free atmosphere to eliminate the formation of oxides and to prevent the oxidation of elements
with an affinity for oxygen.
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– Removal of out-gassing products due to raw material additions
– The ability to achieve very tight analytical tolerances (ppm
range) and gas content / levels.
– Removal of unwanted accompanying elements which have
a high vapor pressure.
– Removal of by-product gases (O, N, H) through the precise
setting of the melting temperature and homogenization of
the melt.
– Oxygen-free casting of remelt electrodes and semi-finished
product for further processing.
– Single or multiple electrode (ingot) configurations for top and
bottom pouring
– Adaptable for different auxiliary crucibles in capacities from
6 to 18 t. This enormous advantage is particularly valuable
for enabling different order capacities.
The VIM X-eed® unit features the following main components
(which are designed for a high vacuum level from 1x10-3 mbar
to 1x100 mbar): Melting chamber with integrated and changeable crucible, charging equipment, casting chamber, mechanical vacuum pump stand, filter system (combination of the gas
cooler and bag filter), optimized sealing concept for the entire
unit, vertical temperature and sampling system under vacuum,
small alloying system for adjustment of the elements in the
ppm range, vacuum-compatible MF (Middle Frequency) power
supply system with integrated electromagnetic stirring equipment, based on IGBT (Insulated Gate Bipolar Transistor) technology. Ancillary equipment for crucible preheating and lining
maintenance is also provided by the SMS group.

1 Layout of VIM X-eed® Tata Steel Speciality Steels.
2 VIM X-eed® casting process.
3 VIM X-eed® casting in downward direction (top pouring).
4 VIM X-eed® casting in upward direction (bottom pouring).
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DESIGN & PROCESS
To realize the necessary process sequences and required
analysis values, the following process steps have to be initiated at the VIM X-eed® unit. The process sequences are remote-controlled and monitored from the control room.
Process start
At the start of the process, the VIM furnace is charged with
liquid or solid material at atmospheric or vacuum pressure.
After charging, the material is melted under vacuum or inert
gas atmosphere. More solid material is also charged under a
vacuum or inert gas atmosphere.
The fully automatic T&S lance ensures exact temperature
measurements and safe sampling under vacuum conditions.
The melting process takes place smoothly and economically
according to the specified recipes.
A three-phase electromagnetic whirling unit accelerates the
degassing process and yields optimum homogenization of the
molten metal in the vessel.
After setting the exact composition of the alloys and the casting temperature, the molten metal is tapped under vacuum
into prepared moulds.
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optionally retrofitted. The melting and casting chambers may
be individually evacuated on the VIM X-eed® unit.
To protect the vacuum pumps against dust and metal particles,
SMS group has developed special dry-type filters for this application. These filters have been used on the VD / VOD units
for several years and offer the best possible protection of the
vacuum pumps at low operating costs of the unit.
The melting crucible can be charged both at atmospheric and
vacuum pressure. It is designed for vacuum condition until
1x10-3mbar.
Melting
Melting is effected according to the principle of inductive heating. The melting vessel consists mainly of a cylindrical induction coil and the refractory lining. The refractory lining may be
adapted to the customer's specific production program. For
the power supply, a static frequency converter is provided that
generates the required single-phase AC at maximum frequency (MF) from the 50 Hz three-phase AC supply network.
Casting
The unit incorporates vacuum electrodes or ingots pouring for
both top-poured and bottom-poured under high vacuum and
inert gas (Argon or Nitrogen) condition.

Evacuation and charging
The negative pressure needed for the vacuum process is generated by the so-called vacuum system. This includes several
mechanical pumps and, if necessary, oil-gas ejectors may be
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CONTINUOUS CASTING
FOR FLAT PRODUCTS –
HIGH-PRODUCTIVITY PLANTS AND
INNOVATIVE TECHNOLOGIES
THE MILESTONES IN CONTINUOUS CASTING WERE SET BY THE SMS GROUP AND TESTIFY TO MORE THAN 50 YEARS
OF LEADERSHIP IN CONTINUOUS CASTING. THE THIN, MEDIUM AND THICK SLABS PRODUCED ON CONTINUOUS
CASTERS BY SMS GROUP FORM THE BASIS FOR SUPERIOR STEEL PRODUCTS. WITH A HIGH DEGREE OF INNOVATION, THE PLANT ASSISTANTS OFFER A DEEP UNDERSTANDING OF THE PROCESS AND ENTIRELY NEW POSSIBILITIES
FOR OPTIMIZING AND CONTROLLING PLANT AND PROCESS.

HD MOLD: FIBER OPTICAL MOLD MONITORING SYSTEM
In the newly developed HD moldFO (High Definition), optical
fibers are longitudinally integrated into the mold. They have a
very high rate of measuring points distributed across the surface of the mold. In this way, a high resolution signal density
is achieved and temperature problems are precisely detected.
Furthermore by using optical fibers, values can be recorded
and transmitted much faster, thus supporting the operator by
providing information on the operating practice of the caster.
In this context, the conversion of signals into temperature values performed by the software and the exact arrangement relative to the positions in the mold, deserve special mention.
HD SCAN: ULTRASONIC TESTING FOR THE INTERNAL QUALITY
EVALUATION OF CAST STEEL PRODUCTS
A new method for the inspection of internal quality of cast
products is the ultrasonic measurement technique HD scan.
The evaluation of internal quality defects in the cast product
sample reduces surface processing in comparison to the etching procedure. The clean and safe technology offers threedimensional views into the sample, providing higher representative information for a better quality evaluation.
The slab quality is automatically evaluated based on clear statistical rules. Size and distribution of the segregations are used
for a segregation classification. Cracks statistics are displayed
including crack size, position, distances, etc. Narrow side profile contour determination is also being realized.
The accuracy of the new method is proved by parallel metal-
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lographic investigations. Automatic defect determination and
classification are compared with macro-etching classification
results on more than 100 samples of different cast products.
Macrostructure visualization is possible even for samples that
cannot be detected by macro-etching.
The ultrasonic quality evaluation system offers reliable and
quality results, fully independent of etching parameters and
subjective quality operator impressions. The etching method
could be completely replaced and the number of etching tests
could significantly be reduced.
HD SIZE: CONTROL OF STRAND GEOMETRY FOR OPTIMIZATION
OF SLAB QUALITY
For a given casting mold dimension, the cold slab dimensions
like width and thickness depend on casting parameters like
steel grade, casting speed, secondary cooling and soft reduction. As it is difficult to describe the phenomena in a physical
process model, usually statistical model approaches are applied for the online process control. Due to limitations in model
accuracy, slabs are often cast wider than necessary. The results are hot rolled strips with excess width, unless a slab sizing press is available.
Measuring the real slab dimensions in the continuous caster
enables a better adaption of caster process control settings,
meeting the final quality assessment more accurately. A reliable and robust laser with online narrow side contour measurement system reaches an accuracy of + / - 2 mm in the
direction of width.

1 HD scan - A new method for the inspection of internal quality of cast products.
2 High endurance and easy maintenance with STEC-Roll®.
3 A deeper process understanding is possible with HD moldFO.
4 The two-strand slab caster at China Steel Corporation, Taiwan.
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LONG SERVICE LIFE AND EASY MAINTENANCE WITH
THE MODULAR STEC-ROLL®
To optimize the casting process for producing quality slabs,
SMS group has developed new strand guide rolls. ArcelorMittal Eisenhüttenstadt (Germany) tested the STEC-Roll® in a
segment of their continuous caster and concluded that the
service life almost doubled, while the amount of maintenance
was drastically reduced.
During first maintenance, the wear parts are replaced without
deposit welding; quick and easy dismantling is possible without use of machinery.
The STEC-Roll® is particularly interesting for conversions aiming at expanding the product portfolio. Combined with a double center bearing, the STEC-Roll® replaces expensive split
bearing rolls. Furthermore, new secondary cooling concepts
can be implemented with the STEC-Roll®.
COMPLETE QUALITY CONTROL: HD LASR PLANT ASSISTANT
Perfect alignment between molds and segments has a strong
influence on slab quality. Alignment errors of a few tenths of
a millimeter may result in quality defects or in malfunctions
during operation. With the HD LASr plant assistant featuring
three dimensional laser measuring system and intuitive operating concept, all measuring tasks can be performed with high
quality and reliability already after a short training. The high
quality of measurement with HD LASr, the precise and reliable
logging and the authoritative evaluation of the measured objects just cannot be compared with existing systems: HD LASr
is the most intelligent of solutions.

ECOCOOLER
Further development of the cooling concepts and the hardware like that nozzles and valves is of major importance. For
example, air mist nozzles for secondary cooling have become
indispensable since the high cooling intensity can only be
achieved by means of a second compressible fluid – compressed air. Here, a broad control range can be implemented,
thanks to the elaborated nozzle design.
Realizing the need for further development, SMS group and
Lechler have modernized the spraying nozzle technology. The
optimized X-Cast® EcoCooler air mist nozzle increases the
cooling intensity (HTC) by 15 % without using more water.
Furthermore, the air consumption could be reduced by one
fifth compared to conventional air mist nozzles. Just like the
structural part of the plant, also the automation system must
be adapted to the high casting speeds.
ECO MODE
Using the Eco mode, the plant owner can save electrical energy in defined operating situations for large power consumers
(such as pump and compressor drives). Power consumers can
be switched off in a targeted manner, thus saving between 5
and 10 % of energy costs. This functionality is supported by
automated operating sequences.
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ACHIEVING LONGER SERVICE
LIFES THANKS TO COATING
KNOW-HOW
OWING TO THE WORLDWIDE COMPETITION AND SPECIFIC PRICE PRESSURE, STEEL PRODUCERS ARE FACING
A CHALLENGE TO ENHANCE QUALITY AND PRODUCTIVITY AT ONE AND THE SAME TIME. THANKS TO THE
COATING TECHNOLOGIES FROM THE SMS GROUP, STEEL PRODUCERS CAN CONFIDENTLY FACE AN INTENSIVE
PRICE WAR. A RELIABLE PROTECTIVE LAYER PROLONGS THE SERVICE LIFE OF PLANT PARTS OF CONTINUOUS
CASTING MACHINES THAT ARE CRITICAL FOR PRODUCTION AND IMPROVES THE QUALITY OF THE FINAL
PRODUCTS AT THE SAME TIME.

Thanks to many years of experience in maintenance and the
development of new processes, SMS provides its customers
with tried-and-tested coatings. SMS applies its comprehensive
technological know-how to its international service locations
and performs coating operations with modern technologies
worldwide. The focus is especially on parts influencing the
product quality and productivity. In continuous casting machines, the applied coating processes enhance mold plates
and segment rollers which increase their resistance considerably.
MOLD PLATES
The quality of a slab influences all subsequent manufacturing
process steps. The decisive moments happen when the steel
solidifies in the mold. The mold plate plays a major role in the
quality of flat steel products. Therefore, SMS works hard particularly to achieve high-value surfaces with long service lives
and has thus developed different methods.
A coating of pure nickel or a nickel-alloy strongly counteracts
wear as the surface attains hardnesses of 220 - 600 HV. The
layer generated clearly shows improved wear characteristics.
With a tapered 1 to 3 mm thick coating surface, the mold plate
attains a service life of up to 100 % longer as compared to
non-coated mold plates.
Box-plating method
The NI-alloys applied by electroplating are generated via a resource-conserving “box-plating” procedure. Since both wideface plates are electroplated parallel to each other here,
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identical results in surface thickness and surface quality will
be achieved. Another major advantage of the procedure is that
various layer thicknesses and hardnesses are attained as required. Additionally, the box-plating procedure allows the electroplating of the copper plates with installed water jackets.
Touch-up work and inspections follow right after the coating
process. The minimized effort facilitates the maintenance
planning and thus saves time.
UniGuardTM method
The patented UniGuardTM procedure from SMS is a milestone
in surface coating. Hardnesses of over 1,000 HV can be attained with a very low sliding abrasion. The layer is applied via
a computer-controlled high speed flame spraying method
(HVOF) and mainly consists of a tungsten-cobalt-carbide-layer
with additions of metal alloys. The result is an extremely hard,
heat-resistant and wear-resistant surface on the copper plate.
To prolong the service life of a mold, the thinnest layer is required here. Thanks to UniGuardTM, the service life is increased
four to six folds as compared to uncoated mold plates. Consequently, the maintenance of the mold diminishes by
25 %, which correspondingly decreases the percentage of
general maintenance work on molds per ton of slabs produced.
Segment rollers
Thermal and mechanical loads in the continuous caster cause
high wear to the segment rollers. SMS aims at attaining a hard
surface requiring little maintenance, which increases the lifetime, reduces maintenance costs and improves the product

1 Longer service life of copper plates thanks to different coating processes.
2 The patented UniGuardTM procedure thin layers increase service life two to fourfold.
3 Experience in maintenance and development facilitates operations with modern technologies and professional processes.
4 With modern and ISO-certified deposit welding machines the SMS group fulfills the
versatile requirements to precise wearing layers at every roll position in the plant.
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quality. Individual adaptation solutions for every single segment roll of the continuous caster also increase the quality of
the final product. As a result, a unique concept according to
the requirements is developed for every continuous casting
machine. Intensive research in the field of roller bodies and
welding materials resulted in wear-resistant segment rollers.
The base material for the SMS-roller bodies consists of highalloy steel which stands for strong corrosion resistance, fatigue strength under reversed bending stresses and excellent
weldability. Combined with newly developed welding materials and the individual selection of the coating structure, the
process creates optimum prerequisite for a powerful roll.
With a broad range of submerged-arc welding such as open
electric arc and shielding gas welding, SMS fulfills the versatile
requirements at every roll position in the plant. To produce pre-

cise wearing layers, SMS has modern, ISO-certified deposit
welding machines and equipment exactly calibrated for examination and inspection. Thanks to their application of uniform
quality specifications, a consistently high-level of production
quality can be guaranteed worldwide.
Only a wide range of experience, competence and technologies in the field of coating enable the plants to continue making progress. As an Original Equipment Manufacturer (OEM),
SMS is able to consider the main requirements of each plant
and offer tailor-made solutions to every plant owner. The new
coating processes offer direct value adds to the steel producers; increased production thanks to long service lives, high
quality of final products and proven cost savings due to reduced wear. Maximized production and reliable quality paves
the way for long-term competitiveness.
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5 Special alloys or hard/soft martensitic matrices fulfill the requirements at every roll position.
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THE FIRST INDUSTRIALSCALE BCT® CASTER
THE REVOLUTIONARY BELT CASTING TECHNOLOGY (BCT®) IS A FURTHER TECHNOLOGY LEAP ON THE WAY TO
NEAR-NET-SHAPE CASTING. BCT® CASTERS WILL ALLOW DIFFERENT PRODUCTION RATES AND A LARGE VARIETY
OF PRODUCT SIZES, DEPENDING ON THE DESIRED PLANT CONCEPT. THE PRODUCT MIX FOR BCT® CASTERS WILL
MAINLY COMPRISE ALLOYS THAT SO FAR COULD NOT BE CONTINUOUSLY CAST, AS WELL AS CRACK-CRITICAL
CONVENTIONAL STEEL GRADES. BCT® IS CHARACTERIZED BY A HORIZONTAL MOVING MOLD.

In May 2010, Salzgitter Flachstahl (Germany) awarded the
SMS group a contract for the construction of the world's first
horizontal, industrial-scale BCT® caster. Utilizing existing infrastructure, a financial first-plant concept could be drawn up in
cooperation with Salzgitter, whose focus is on testing the casting technology and production opportunities. SMS group’s
wealth of experience in the planning, construction and trial
operation of the pilot plants set up at the MEFOS Research
Institute (Sweden) as well as at the technological competence
of Technical University of Clausthal (Germany) are essential
factors that contributed to the development and design of the
new machine. The laboratory strip caster at the Institute of
Metallurgy of the Technical University of Clausthal was used
to successfully cast the novel HSD® (high strength and ductility) steel grade. HSD® grades with their high contents of manganese, silicon and aluminum are light-weight, high-strength
and at the same time easily deformable.
The new BCT® caster is installed at Peiner Träger GmbH
(Salzgitter Group) steelworks. The BCT® caster produces
15 mm thick and 1,000 mm wide material. Essential parts of
the plant are already rated for a width of 1,600 mm to allow
the future extension of the product line. The footprint of the
machine is approx. 11 m in length, 4 m in width and 6 m in
height. The machine length is owing to the solidification range
of special steel grades. An existing four-high mill stand was
upgraded to allow the further processing of the as-cast strip
produced in Peine. SMS group supplied the caster including
the complete X-Pact® electrical and automation package.
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BCT®: PROCESS AND MAIN CHARACTERISTICS
Protected from reoxidation, the liquid steel is poured from a
conventional ladle into a covered tundish and from there, via
the submerged entry nozzle, into the preheated feeding system. From this system the steel flows onto the moving horizontal mold which consists of the conveyor belt and internally
cooled side dams.
The conveyor belt is intensively water cooled from the bottom.
No oscillating mold is therefore needed for initial solidification;
no addition of casting flux is required. Above the conveyor belt
an inert gas atmosphere protects the solidifying steel. At the
rear end of the caster, a defined gas mixture directly influences
the solidification structure.
Electro-magnetic units to influence the steel flow as well as
cooled hoods are arranged above the conveyor belt. A transverse stirrer supports the smooth and uniform distribution of
the liquid steel up to the side dams. A longitudinal stirrer synchronizes the movement of the conveyor belt with the liquid
steel flow. This stirring technology is the result of a joint development. SMS Elotherm delivered both units.
The as-cast strip leaves the conveyor belt horizontally. It is
guided by a top roller and three pairs of ironing rollers that can
influence the flatness of the strip. Downstream these rollers
both the strip thickness and profile are measured. The as-cast
strip then enters an enclosed roller table in which the complete inertization of the process is ensured up to the end of
the table.

1 Exit area of the BCT® casting machine.
2 The BCT® belt casting plant newly developed by the SMS group
and Salzgitter Flachstahl.

1

The roller table is followed by a combination of two pinch-roll
stands and a looper arranged in between. In addition to the
further transport of the as-cast strip, it makes sure that influences which downstream units have on the as-cast strip are
decoupled.
The second pinch roll unit feeds the strip to a moving hydraulic
shear. For cutting, the shear is accelerated to the as-cast strip
speed, cutting it to the desired sheet length.
A roller table accelerates the sheets which here have a maximum length of 9 m; towards the end of the roller table the
sheets are decelerated again. Cross-pushers place the sheets
on a hydraulically operated lifting table. The sheets stacked on
pallets are loaded onto waggons and taken to the rolling mill
in Salzgitter.
INITIAL EXPERIENCE OBTAINED DURING THE BCT® PLANT
COMMISSIONING AND TEST OPERATION
In December 2012, Salzgitter Flachstahl and SMS group
started the commissioning of the BCT® plant. The results
achieved up to today are quite promising. The process reproducibility and the plant availability have been continuously enhanced.

2

tion downstream of the caster - there is a minimal content of
residual oxygen before the start of casting. Thus, the BCT®
plant is a unique mechanical engineering solution.
This BCT® plant is designed for a maximum steel quantity of
approx. 70 t per cast. Based on continuous improvements, the
caster quickly performed in a reproducible and safe manner.
In September 2014 more than 60 casts have been carried out
successfully. At the beginning conventional carbon steel was
used for basic equipment tests and process qualification. In
the same time, the casting program also includes more challenging high-manganese steel grades. The belt cast strip quality predominantly depends on an equalized melt distribution
over the width resulting in a suitable geometrical profile for
subsequent rolling. Belt cast carbon steel has already been
hot rolled down to 2.5 to 5 mm thick strip. Coils of up to 16 t
have been produced to test further downstream processing
and first technical marketing. The belt casting and hot rolling
process is being adapted to FeMn-steel grades aiming at a regular belt casting production of growing output.

Satisfactory answers were obtained on process-related basic
questions concerning wear and service life of different machine components of the caster, such as the casting nozzle,
the conveyor belt and the moving side dams. Thanks to the
newly developed inertization - from the tundish until the sec-
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LONG PRODUCT CASTING:
NEW SECTIONS AND REVAMPS
IN RECENT YEARS, CONTINUOUS CASTING TECHNOLOGY FOR LONG PRODUCTS HAS BEEN DEVELOPING IN
TWO DIRECTIONS: TOWARDS BIGGER SECTION SIZES AND TOWARDS HIGHER PRODUCTIVITY BY INCREASED
CASTING SPEEDS. THE PRODUCTIVITY HAS REACHED VALUES OF UP TO 60 T / H AND STRAND FOR BILLET
CASTERS. BESIDE THESE DEVELOPMENTS, THERE IS A GROWING DEMAND FOR REVAMPS REQUIRING
SPECIFIC PRODUCTS TO IMPROVE THE QUALITY OF THE CAST STEEL AND TO ENHANCE THE EFFICIENCY
OF THE INSTALLED EQUIPMENT BASE.

BIGGER SECTION SIZES
In order to replace ingot casting the enquiries to cast increasingly bigger sections in a continuous casting machine continue. These machines are built as multi-purpose combicasters since the production amount of a single section are
limited and therefore the caster must have the ability to combine a wide range of different sections. Depending on steel
grade mix and final application such casters include also metallurgical soft reduction. The SMS group supplies casters up
to 1,000 mm round section.
Vertical caster
In order to fulfill the requirement of highest quality, pure vertical caster offers unique possibilities due to the absence of
bending and unbending forces. SMS has commissioned the
world’s biggest vertical bloom caster for ball bearing steel in
the late 2014.
REVAMPS
In fully industrialized economies changing market conditions
drive the demand for revamps to enhance the productivity and
quality of the cast products. The projects vary from smaller inventions and add-on equipment to complete changing of the
casting machine including caster radius and straightening
geometry. Often such revamps aim to transit rebar casters
into a SBQ casters. In recent years, SMS has proved that even
billet casters can be transferred into complex bloom casters
with a wide range of sections.
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INVEX® mold
By replacing plate molds with INVEX® mold tubes, the quality
of the cast products on bloom machines improves to a great
extent. This is possible by overcoming the gap formation between the copper plates, a more even heat extraction in the
mold and a better temperature distribution. The INVEX® mold
consists of a relatively thin copper tube with machined cooling
slots which is fixed to back-up plates or a water jacket using a
patented securing system that allows the tube to thermally
expand in casting direction. This design allows the INVEX®
mold to be easily adapted to existing plate mold configurations. Additionally, the mold tube gives a bigger freedom in
the inner mold geometry: CONVEX® and parabolic tapers can
be applied and fine tuned to the specific product portfolio of
the individual customer. The blooms produced with INVEX®
molds are of a very good surface quality as well as of very
good, crack free internal quality in the critical corner areas.
Modulated ware stirring
SMS introduced the modulated wave stirring technology as a
further step to improve the effect of the electromagnetic stirring. Standard MEMS (mold electro magnetic stirrer) and
FEMS (final electro magnetic stirrer) work with a fixed frequency and current amplitude. By modulating both frequency
and current the stirring effect is intensified in the liquid steel.
This is achieved by introducing sub-waves which amplify the
effect of the main flow. This results not only in lower power
consumption but also in improved metallurgical results. Experience in various steel plants and on different sections show
that the power consumption can be reduced by 25 to 50 %

1 Leveltherm ML measurement with thermocouples.
2 Optical billet recognition: marked surface during
photo shooting.
3 INVEX® mold tube and INVEX® mold assembly.
4 Vertical caster.
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with same or better metallurgical stirring effect. Depending on
the available installation of the MEMS, the modulated wave
stirring technology can be implemented by a small additional
controller which provides the set points to the frequency converters. In older installations new frequency converters might
be required. As no new stirrers are required, this technology
is perfectly suitable for existing installations.
Mold level measurement
For open oil casting the new thermal ML system allows radioactive free mold level measurement. With only three thermocouples per mold and a dedicated algorithm this thermal
method of measuring the mold level can fully replace the radioactive measuring systems. This method is particularly suitable for small section sizes where the electro-magnetic mold
level measurement is not suitable.
For SBQ powder casting the control of the powder thickness
on top of the meniscus is an unsolved issue. While for big
sections and slab casters this can be solved by combining a
radiometric ML measurement with an electro-magnetic measurement, this is not possible for smaller sections e.g. billet and
small bloom sections. Nevertheless, the newly developed radioactive sensor of SMS provides the perfect solution to this
problem. The sensor consists of an array of scintillation crystals. The readings of the array of individual crystals are mathematically sorted out in to simultaneously extract of the real
steel and powder level. The system provides a fast signal
which serves for the actual mold level control via stopper or
slide gate and separate processed signals for both the actual

4

steel level and powder level. The sensor enables a close control loop for an automatic mold powder feeding system. The
new sensor will help to solve any quality problems associated
with uncontrolled or uneven powder addition to the mould.
CONCOR® roll
The intensively cooled CONCOR® roll combines the advantages of a compact design (which allows also internal cooled
web rolls for BBL sections) with life time greased bearing for
easy maintenance and long life time.
Billet tracking
The combination the Optical Product Recognition (OPR) and
the billet tracking system CONYARD allows the tracking of all
billets from caster through the billet yard to the rolling mill or
the shipping of the billets. The OPR reads the stamped billets
and recognizes them before entering into the reheating furnace of the mill. An image of the marked billet is taken, read
and stored and compared with a second image taken in front
of the reheating furnace, figure 4. The recognition rate is up
to 99 %! The billet yard management system tracks the billets
in the billet yards and gives full control about the storage and
delivery of each and every billet. This system allows total quality follow up of the production and reduces losses due to “unknown” and non- traceable billets.
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EFFICIENT MAINTENANCE
SERVICE CONCEPTS
A WELL THOUGHT-OUT, EFFECTIVE AND ECONOMICAL STRATEGIC MAINTENANCE SERVICE PROLONGS THE
PLANT’S LIFE CYCLE. AS A RESPONSIBLE PARTNER, THE SMS GROUP’S TECHNICAL SERVICE DEPARTMENT
ACCOMPANIES ITS CUSTOMERS THROUGHOUT THE TOTAL SERVICE LIFE OF THEIR PLANT. OVER THE PAST
FEW YEARS ON-SITE SERVICE EXPERTS HAVE CARRIED OUT EXTENSIVE MAINTENANCE TASKS AFFIRMING
ENHANCED RELIABILITY, QUALITY AND EFFICIENCY OF CUSTOMERS’ PLANTS.

Performing a successful but also an economical maintenance
work at the same time is a big task for brilliant minds. Apart
from an efficient strategy, all plant components must be taken
into account, but the maintenance managers also have to find
new techniques, combine them and manage them effectively.
To achieve top-quality results, extensive experience, high technological know-how, qualified personnel, proven processes
plus optimum utilization of machinery are necessary. However,
this alone is not enough; today’s modern world requires further development and continuous improvement in order to
achieve even better results.
To master this challenge, SMS supports its customers from
the very start. Experienced maintenance specialists, for example, evaluate the maintenance intensity for each individual
plant component by carrying out a design-oriented Reliability
Centered Maintenance (ME-RCM) study. This study combines
plant technology and many years of experience in the field of
maintenance. Consequently, a stable basis for a profitable
maintenance strategy is established. For on-site implementation, SMS has been offering numerous services from consulting to spare parts service for decades.
In order to establish an economical “Best Practice Method”,
two types of particular services must be taken into account:
the overall performance of plant services (on-line maintenance) and reconditioning of important exchange units or core
components outside the plant (off-line maintenance).
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MAINTENANCE SERVICE FOR MMK
The demand for the subcontracting of maintenance services
has increased considerably in the past few years. Magnitogorsk Iron & Steel Works (MMK), Russia, started implementing
this method in 2009. Since commissioning of the continuous
caster No. 6, SMS has been responsible for its complete maintenance. 96 service employees coordinate, plan and handle all
maintenance and repairs. In addition, they deal with the overhauling of molds and segments in a workshop specifically set
up for this purpose in the bays of MMK adjacent to MMK’s continuous caster. While the experts from SMS are responsible
for the servicing work, MMK can concentrate on its core task
of production. Andrey Kulzhov, Chief metallurgist’s service at
OJSC MMK, states: “None of our contractual partners possess
the experience contributed by SMS in this case.”
MMK chose SMS as the permanent contract partner since the
experience of the plant manufacturer is the decisive factor in
achieving the desired long-lasting success and an economical
maintenance. SMS carries out all the maintenance regarding
mechanical, hydraulic and electrical plant components under
its own initiative and responsibility. The tasks are based on a
ME-RCM study consisting of an effective mixture of preventive maintenance operations. In close cooperation with the experts in Germany, the local service team provides additional
assistance regarding the development and optimization of the
technological processes like the use of dynamic soft reduction
and Dynamic Solidification Control. Using dynamic soft reduction, the strand shell is pressed together during casting in such
a way as to enable the material properties to be homogeneous

1 A trouble-free operation of the continuous caster since April 2012 results in
99.23% yield.
2 Since 2009 a well-established team of experts manages the service location,
equipment and operates the mould and segment shop for MMKs Caster No. 6.
3 While SMS successfully takes care on the maintenance MMK can focus on its
core business.

1
2

3

right into the core. Dynamic Solidification Control (DSC) calibrates the roller and laminar cooling system. The air-mist secondary cooling system with dynamic calculation of the cooling
model monitors and controls the solidification process of the
slabs. On the basis of stored models, the slabs are systematically cooled down to obtain the desired metallurgical properties of the materials.
The on-site workshop at the MMK site comprises of a wellestablished team that overhauls those assembly units which
are directly related to the production process. One of the offline maintenance tasks is the complete refurbishment of all
segments. The service workshop is responsible for everything
from cleaning, technical inspection, analyzing of the results to
the repair and / or replacement of parts and the subsequent
testing. Constantly in search of opportunities to increase the
service life and to achieve more efficient methods, SMS ensures the optimum utilization of existing equipment and the
integration of new technologies. Accordingly, SMS Cheltec
LLC supplies the galvanic coating of the copper plates by applying the metal-ceramic coating process, UniGuardTM, specifically developed by the firm. The coating has a surface
hardness of up to 1100 HV and therefore extends the service
life of the mold plates.
System supplier supplementary services
A storage bay (900 m²) operated by SMS in the vicinity of the
plant stocks of spare parts and consumables. SMS also supports the electrical and automation systems via remote administration and provides MMK with quick support from Germany

all around the clock. The software specialists are able to operate the system via remote access.
Finally, a special monitoring system for continuous casters
measures mechanical parameters such as roller spacing and
checks the condition of the spray cooling system. Using the
measurements, MMK is able to directly influence the quality
of the slab and to prevent the strands from breaking out.
The mechanical condition of the oscillation system is monitored as well. Four sensors measure the three-dimensional
acceleration during operation. Transverse and tumbling movements of the mold are determined by mathematical formulas.
Thanks to the precise data, the service personnel is able to intervene in time should values be outside tolerances.
The benefits for MMK:
– Trouble-free operation of the continuous caster No. 6 since
April 2012 (a unique milestone under these conditions).
– 33 % better than planned ramp-up curve.
– 86 % plant availability.
– With 98.5 %, the yield is above the contractually agreedupon value (including losses due to sample pieces and to
ladle incrustation, scale losses, residues from the head end,
lost casting ends, cutting losses, etc.).
– Annual cost-per-ton reduction is over 6 % (according to the
plan: 5 % annually).
– Maintenance budget deviation is lower by an average of 8 %.
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COMPETITIVE THROUGH
SUCCESSFUL UPGRADES
AND MODERNIZATIONS
CONTINUOUS OPTIMIZATION, MODIFICATION AND UPGRADING OF EXISTING ROLLING MILLS ARE
ESSENTIAL FOR STEEL PRODUCERS TO REMAIN COMPETITIVE. MAJOR OBJECTIVES ARE ENLARGEMENT
OF THE PRODUCT SPECTRUM WITH HIGH VALUE-ADDED PRODUCTS, IMPROVEMENT IN PRODUCT
QUALITY, REDUCTION IN OPERATION COST, AND INCREASE IN PRODUCTIVITY BY MEANS OF HIGHER
AVAILABILITY AND YIELD. COMBINATIONS OF THESE OBJECTIVES, GENERALLY, ARE TARGETED IN MOST
OPTIMIZATION OR MODERNIZATION PROJECTS.

PLANT LIFE CYCLE PARTNERSHIP
The SMS group, as a full line supplier of integrated mechatronic systems for the metals industry, is an experienced partner in all phases of the plant life cycle. To support the plant
maintenance, services are available, starting from spare parts
management and delivery, plant inspection, and repair on site
or in SMS service workshops around the world up to the complete takeover of the maintenance for entire plants.
For operational issues and plant optimization, technical assistance is offered like the new approach “Concept engineering”.
This is a highly valuable service which analyzes plant, operation and process, to elaborate a comprehensive portfolio of
optimization measures, evaluated against criteria like productivity, product quality, availability, and maintainability.
Finally, modernization projects are required to bring the existing plants in line with the latest technological developments.
The plants become hi-tech with regard to the production of
advanced high value-added products, cost efficiency, and also
conform to more stringent environment and safety regulations. Thus, existing plants are able to compete successfully
with latest generation ones.
STEPS FOR SUCCESSFUL MODERNIZATIONS
Since the year 2000, the SMS group has successfully performed more than 200 modernization projects related to flat
rolling mills. This underlines the huge experience of SMS in
the challenging field of modernization. Our philosophy behind
all these successful revamps is the close cooperation with the
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customer to develop and realize a cost-optimized, tailor-made
modernization concept.
Major steps of the SMS approach for a successful modernization project are:
– Systematic investigation and evaluation of plant condition
and process requirements to reveal the need and scope for
modernization but also to become aware of the hidden potentials of the facility.
– The joint elaboration of a cost-optimized modernization concept that is tailored to the customer's specific needs as well
as balanced investment costs and productions requirements.
– Consistent implementation schedule, based on large experience, firm project management and well proven expertise
to ensure adherence to time schedule, cost and objectives
as well as the ability to deal with the uncertainty of modernization projects.
– Implementation of capable equipment and automation systems, aligned to the specific requirements of the individual project, to ensure lasting benefits of the modernization project.
Particular advantages available with SMS group are its own
workshops and the Plug & Work approach. The workshops ensure highest quality of the tailor-made and allow pre-assembling and testing of the units. The Plug & Work concept
secures the integration of mechanical, fluid, electrical and automation systems as well as the process know-how. Further,
it allows early familiarizing of the operators with the new automation system. All this reduces risks, ensures minimal shutdown times and a fast ramp-up.

1 Preassembly of plate mill stand for NLMK DanSteel.
2 Plug and Work training with VDM Metals.
3 Assembly of the new gear units at ArcelorMittal Dunkerque.
4 Rasselstein's tandem cold mill after revamping.

2

3

1

ENLARGEMENT OF PRODUCT SPECTRUM – RECENT PROJECTS
Considering growing competition and reduced margins, steel
producers are focusing on value-added products and entering
into niche markets with the development of new and specialized steel grades. With regard to production facilities, consequently, investments will be made to increase product
spectrum, product quality and operational flexibility.
Regarding flat rolling mills, projects focusing on value-added
products, executed by SMS group, are for example:
– Modernization of the seven-stand finishing train of Hot Strip
Mill (HSM) at ArcelorMittal Gent (Belgium):
The project comprises the installation of new finishing
stands F1 and F2, modification of stands F3 and F4, and replacement of all loopers. After revamping the drive trains of
finishing stands F1 to F3 with more powerful main and pinion gears as well as Sieflex® HT high-performance spindles,
it is the second step of ArcelorMittal to upgrade the hot strip
mill for its third-generation UHSS and AHSS grades.
– Revamp of Nucor Steel CSP® plant at Berkeley (USA) for
wider and thinner products:
With the revamp, Nucor increased the finished-strip width
from 1,680 to 1,880 mm and is able to produce thinner
strips. Therefore, the first casting strand was modified, inductive heaters were installed behind the CSP® furnace and
a new finishing stand (F7) was added. The induction heaters
were implemented to achieve thinner strip thickness
through increased thin-slab temperature and larger reductions in the mill.

4

IMPROVING AVAILABILITY AND REDUCING OPERATIONAL COSTS
– RECENT PROJECTS
Even where changes of the product mix are not requested,
modernization of the facility may become necessary after
years of operation to avoid risks on account of outdated equipment or hardware of the automation systems.
Project examples which are mainly driven by above mentioned
reasons are:
– Overhaul of the 3.5-m heavy plate mill at Handan Iron &
Steel (China): The modernization comprised overhauling the
mill stand by machining and replacement of mechanical mill
components and the implementation of entirely new X-Pact®
Level-1 and Level-2 automation systems. This increases the
rolling stability and improves yield and product quality. In addition, a new side roller table for buffering plates was installed to improve the thermo-mechanical rolling.
– Modernization of the 4-stand tandem cold mill 1700 of OAO
Severstal (Russia): After more than 50 years of operation,
OAO Severstal decided to replace its 4-stand tandem cold
mill 1700 by a new one. After this revamp, Severstal will operate a state-of-the art tandem mill delivered by SMS with
automatic roll change, prepared for coupling to the picking
line, latest exhaust system and highly efficient X-Pact® automation system.
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PROCESS MODELS
FOR HOT ROLLING MILLS
FLEXIBILITY IN TERMS OF PRODUCING HIGHLY SOPHISTICATED PRODUCTS WITH AN EXCEPTIONALLY
WIDE RANGE OF PROPERTIES AND DIMENSIONS REQUIRES PHYSICALLY-BASED PROCESS MODELS FOR
THE GENERATION OF OPTIMUM SET POINTS FOR THE TECHNOLOGICAL CONTROLS. FOR MANY YEARS,
SMS HAS APPLIED AN INTEGRATED PSC®, PCFC® AND CSC FOR USE IN HOT STRIP MILLS, CSP® PLANTS
AND PLATE MILLS, OFFERING THE BEST POSSIBLE PRODUCT TOLERANCES.

One success factor of SMS process automation is the application of exactly the same models and algorithms to both plant
layout and design and the online environment. This provides
matched solutions between mechanical design and automation, implementing the same technological concepts and enabling the customer to exploit the full potential of technology
and results in first-class hot-rolled products. In addition, the
system offers the whole range of back-office support during
commissioning and after-sales service. The heart of the model
is the best possible physical description of the rolling process
so as to minimize the need for complex adaptation algorithms.
PASS SCHEDULE CALCULATION
The Pass Schedule Calculation (PSC®) ensures high accuracy
in the prediction of the process parameters thanks to extensive physical modeling of the rolling process combined with
adaptation to actual measured values. Multiple calculation
points over the product length, e.g. head end, body and tail
end, are performed to ensure that the entire length of the
product can be rolled without any limitations and that all necessary parameters and sensitivities are available for the in-bar
control functions located in the Level-1 automation. Two submodels of the PSC® have to be highlighted:
– Material model which describes the flow stress behavior of
the various grades, based on a “material database”.
– Recrystallization model which determines the reactions and
the behavior of solid particles during hot rolling by means of
adequate mathematical equations.
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PROFILE, CONTOUR AND FLATNESS CONTROL
The success story of the Profile, Contour and Flatness Control
(PCFC®) started more than 25 years ago, with more than 100
successful installations worldwide. In combination with the
powerful setting systems CVC® plus and work-roll bending,
the PCFC® provides the best possible profile and flatness results in combination with minimized profile anomalies. The
close interaction between PSC® and PCFC® provides extended
setting capabilities for profile, contour and flatness through the
use of roll force redistribution. Key functions which have been
recently added to the PCFC® are cyclical shifting of CVC® plus
rolls for best possible rolling flexibility and contour control to
minimize contour defects (edge build-up, edge drop) and flatness defects of higher order (high-frequency edge waves).
COOLING SECTION CONTROL
The efficiency of the Cooling Section Control (CSC) process
models is of major importance for final strip quality. SMS decided in the early nineties to develop an entirely new model
for meeting the ever-increasing demands of the market and
the customers. Since then, the model accuracy and the coiling
temperature performance have been improved by means of
various developments of the process model and of the automation concept. While in the early CSC version, the physical
relations were used mainly for calculations intended for setup
and adaption, the complete physical model is now continuously used for in-bar temperature controlling over the entire
strip length. Furthermore, an enhanced calculation has been
integrated for the start and end temperatures of the phase
transformation as well as for the fractions of austenite, ferrite,

1 The efficiency of the cooling-section process models is of major importance
for final strip quality.
2 Interaction of PSC® and PCFC®.
3 Calculation sequence for determining the material property values.
1
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bainite, pearlite and martensite. As a result, CCT diagrams
(Continuous Cooling Transformation) for every material and
every individual strip are calculated and made available for later
verification purposes. CCT diagrams are an indispensable requirement for best describing the phase transformation and
for reaching the optimum temperature tolerances.
MATERIAL PROPERTY AND MICROSTRUCTURE MODEL
The Material Property Model (MPM) calculates the final strip
properties (e.g. yield strength, tensile strength and elongation
to fracture) as well as the material microstructure (e.g. material
grain size, proportions of ferrite, pearlite, bainite) for products
in a hot strip mill. It considers the conditions and rolling behavior for products in the different production stages of a hot
rolling mill.
Prediction of the mechanical properties offers the following
advantages:
– Reduced number of material samples save time and laboratory costs.
– Prediction of material properties ensures that the strip quality
can be determined and authorized more quickly after rolling.
– Investigations of the influence of certain chemical components (within defined ranges) on mechanical properties are
possible (optimization of steel composition for specified
grades, offline mode).
– Investigations of the influence of certain process parameters
on mechanical properties are possible (process optimization,
offline mode).
– Optimization of steel composition and process parameters
leads to a reduced number of rolling tests.

strength
Mechanical properties
3

During cooling, decomposition of the austenite phase, which is
present after rolling, into the phases ferrite, pearlite, bainite and
martensite occurs via nucleation of ferrite grains at the existing
austenite grain boundaries. Depending on the cooling rate, the
fractions of the various phases can change to a large extent. Taking into account the chemistry of the actual strip, the condition
of the austenite grains and the influence of the cooling pattern
/ strategy, the transformation temperatures for formation of the
new phases are calculated by the MPM.
The kinetics of the phase transformation consequently impacts
on the fractions of phases present at the end of transformation
and also on the amount of each phase present at each point of
the cooling line. Depending on the cooling rate, the final ferrite
grain size is calculated. The final mechanical properties (ultimate
tensile strength, yield strength, elongation) are calculated on the
basis of the previously obtained results.
The MPM is available as an offline and online system. The online
MPM is designed as an independent Level 2 system which receives
input data and intermediate results from the Level 2 systems of the
furnace, rolling mills and cooling line. The offline version - containing
a PSC® and CSC simulator - makes it possible to study the influences
of parameter changes on the production process and on the material
properties in order to speed up the development of new products.
For the next development step, the results from the microstructure model will be used for an integrated setup calculation of
the laminar cooling model. The desired material properties, predefined by the customer, are used to determine the best cooling
rate and cooling strategy in order to adjust the desired property
values. This cooling strategy will then be automatically considered and applied by the Level-2 CSC system.
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FLEXIBLE HRM SOLUTIONS
FOR HIGHEST PRODUCT QUALITY
AND ECONOMIC EFFICIENCY
THE PRODUCTION OF A LARGE VARIETY OF PRODUCTS WITH HIGHEST QUALITY, INCLUDING THE SO-CALLED
ADVANCED, HIGH-STRENGTH STEEL GRADES (AHSS), AND SUPERIOR OPERATIONAL EFFICIENCY ARE KEY
EXPECTATIONS OF MODERN HOT ROLLING MILLS. THE SMS GROUP PROVIDES POWERFUL SOLUTIONS FOR
NEW HRMS AS WELL AS FOR THE UPGRADE OF EXISTING PLANTS TO PRODUCE ALL STEEL GRADES WITH
EXCELLENT PRODUCT QUALITY AT MINIMUM OPERATIONAL COSTS.

As a systems supplier, the SMS group delivers the complete
equipment and process solutions for state-of-the-art Hot Rolling
Mills (HRM) with production capacities ranging from 0.5 (Steckel
mills) to approx. 5.5 million t/year (high-capacity conventional Hot
Strip Mill (HSM)) depending on the customers’ requirements.
CONVINCING REFERENCES AND TECHNICAL HIGHLIGHTS
Since 2000, the SMS group has supplied and commissioned
14 conventional new HSMs with a total rated capacity of well
above 50 million t/year and, at the same time, executed numerous comprehensive upgrades in order to fulfil the market’s
increasing demands for highly value-added steel products
such as AHSS, UHSS (Ultra-High Strength Steel) and highstrength pipe grades.
Outstanding technology features of HSMs may be applied to
both new plants and upgrades:
– Slab sizing press for flexible adjustment of slab width (production planning) and increase of slab caster throughput.
– Camber-free rolling in the roughing mill for elimination of
transfer bar camber and stable rolling in the finishing mill
(increase of yield).
– Mandrel-less coilbox for a compact HSM and for heat/energy
conservation.
– CVC® plus system with work roll shifting, integrated work
roll bending and sophisticated PCFC® (Profile, Contour and
Flatness Control) model for superior strip quality regarding
profile, flatness contour and extended rolling campaigns.
– High-Torque (HT) drive technology for significantly increased
torque transmission (e.g. Sieflex® HT spindles).
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– Low-inertia hydraulic loopers for stable strip flow.
– Powerful modular laminar strip cooling system including
reinforced or super-reinforced cooling modules combined
with the application of high-performance cooling models and
microstructural models to maximize economic efficiency as
well as to save alloying elements.
– New edge masking system for improved cold strip flatness.
By applying a self-learning model, the system is able to
respond to strip movements and asymmetrical temperature
distribution across the strip width.
– UNI plus coiler for coiling of all relevant steel products including heavy-gauge high-strength steel (e.g. X80, 2,100 mm
x 25.4 mm) and innovative solutions for the safe downstream handling of the coils.
FOCUS ON AUTOMATION
A decisive factor for the success of a new plant or a modernization project is the perfect harmonization of the mechanical
equipment with the electrical and automation system and the
required process know-how. Mechanical core components,
which are of major importance for the performance of the total
plant and the quality of the final product are being manufactured in SMS group workshops, thus ensuring high performance and a long service life time.
The electrical and automation solutions and components, are
to a maximum extent, designed to ensure the best overall performance of the complete plant. The precise knowledge of the
process and the mechanical functions, with the strong support
of our engineering research, is the precondition to achieve this

1 High-capacity Sieflex®-HT spindle.
2 The production of high-strength steel grades is a major driver for hot rolling mill
innovations.
3 Increased capability of conventional hot strip mills through advanced automation.

1

2
3

target. Over the past decades, SMS has supplied numerous
complete solutions, machines and technology packages, thus
providing best value and sustainable economic efficiency to
its customers.
The X-pact® embedded automation system with its well
proven and highly accurate Level-1 functions and the Level 2
based on advanced physical process models, covering the
whole process from slab reheating to final coil, ensures a
highly stable operation with product quality parameters exceeding the relevant standards.
As a standard procedure at SMS, the electrical and automation
system is thoroughly tested to the Plug & Work approach before installation to achieve a fast ramp-up and excellent product quality right from the start. Here, the entire automation
systems are tested against a real-time simulation of the production process, optimizing it even before commissioning.
Furthermore, the Plug & Work test is an extremely useful procedure to train customer personnel on exactly the same automation solutions and HMIs which will be running in the
plant. It can familiarize itself with the systems and practice
their operation in a realistic situation in advance.
The X-Pact® Product Quality Assessment system is focused
on evaluation of the product quality allowing the extension on
the entire process chain in a modular way. The system collects
all quality-relevant measurement data also considering particular customer requirements.

FOCUS ON ECONOMIC EFFICIENCY
In a world of limited natural resources, economic and resource
efficiency is always a focal point. Besides plant solutions
which can reduce process steps (such as the CSP®/USP® technology), SMS is continuously improving its machines and components with a view to saving energy, resources, and therefore
operational cost.
The CRC (Convection Roll Cooling) work roll cooling is based
on the principle of convection cooling instead of impact cooling
which is usually being applied. As a result of a significantly
higher heat transfer, with the same or even reduced water
flow and a water pressure of approx. 2 bars, a higher cooling
effect is achieved. This can lead to a significant reduction in
operation cost.
Ways to increase the energy efficiency of hot strip mills are
the low temperature mode of the re-heating furnace, the redesign of the descaler pump station to improve its energy efficient operation, and the start/stop automatic. The latter is
comparable with that used in passenger cars. It switches off
functions during shutdown or a break and reduces energy consumption by up to 10 % on an average.
CONCLUSION
The SMS group offers technologically and economically superior solutions in mechanical equipment, electrical and automation systems, and complete process know-how, which ensure
flexible and efficient production of high-quality hot strip of all
relevant steel grades.
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USP® TECHNOLOGY –
A NEW STAGE OF EFFICIENCY
AND FLEXIBILITY IN THIN-SLAB
CASTING AND ROLLING
BASED ON ITS SUCCESSFUL CSP® TECHNOLOGY, SMS HAS DEVELOPED A NEW, UNIVERSAL PLANT CONCEPT:
USP® (UNIVERSAL STRIP PRODUCTION). THE USP® TECHNOLOGY COMBINES THE BENEFITS OF BATCH AND
ENDLESS PRODUCTION. THE PRODUCT MIX COVERS A WIDE RANGE OF STEEL GRADES AND THICKNESSES.
THE POSSIBILITY TO CHOOSE THE BEST PRODUCTION MODE (BATCH OR ENDLESS) FOR EACH PRODUCT IS THE
PLANT’S OUTSTANDING DESIGN FEATURE. THUS, REDUCED ENERGY CONSUMPTION CAN BE ACHIEVED. OTHER
ADVANTAGES ARE HIGH COST EFFECTIVENESS AND EXCELLENT HOMOGENEITY OF THE HOT ROLLED STRIP.

CSP® TECHNOLOGY
Since the commissioning of the first CSP® plant (Compact
Strip Production) in 1989 at Nucor Crawfordsville (USA), the
thin-slab casting and rolling technology from SMS has further
evolved into a standard flat-steel production process for the
manufacture of high-quality hot strip. Today, there are 27 CSP®
plants worldwide, with a total production capacity of more
than 50 million tons of hot strip per year. Nowadays, several
major one- and two-strand CSP® plant concepts exist.
A two-strand CSP plant with VSB casters (Vertical Solid
Bending) is able to realize a production of up to 2.8 million
tons per year in batch and semi-endless operation mode of
almost all steel grades with final strip thicknesses in the
range of 0.8 - 25.0 mm (Figure 1). Replacing the VSB casters
by VLB casters (Vertical Liquid Bending), the production can
be increased up to 4.0 million tons per year and the production of special steel grades with higher final strip thicknesses
is realized, like API ≥ 15.0 mm. The one-strand CSP® endless
plant with one VLB caster is able to realize a production up
to 2.5 million tons per year of low carbon steel grades in endless operation mode only, with final strip thicknesses in the
range of 0.8 - 4.0 mm.
®

USP® TECHNOLOGY ENLARGES THE CSP® PLANT PORTFOLIO
Today’s market requires demanding flat steel products. On the
one hand, there is a high demand for advanced steel grades
like thick-gauge line pipe API, silicon grades or Advanced HighStrength Steel (AHSS); on the other hand, many applications
require ultra-thin hot strip with a thickness of 1.0 mm or below.
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In addition, the demand for increased productivity of flat steel
plants is ever rising.
With the aim to supply the best possible solution to its customers, SMS offers a new casting and rolling concept based
on its thin-slab casting and rolling technology, featuring the
batch and endless rolling mode: the USP® technology (Universal Strip Production).
USP® PLANT COMPONENTS
The USP® technology combines well proven thin-slab technology with new and innovative solutions. The USP® caster is a
high-performance Vertical Liquid Bending (VLB) casting machine for highest productivity. The batch slab or endless strand
travels through a short USP® furnace which will be tailored to
the needs of each customer. Compared to a 100 % endless
plant, the USP® plant is capable of performing a work roll
change of all stands without interrupting the casting sequence. During this time, full coil sized slabs are produced,
which run into the USP® furnace. The USP® mill behind the
furnace consists of two rolling mill groups; in the first group
the mill stands F1 to F3 generate the optimum intermediate
strip with regard to thickness and temperature of the final
product.
The intermediate area between both mill groups accommodates, among others, the inductive heater which is an indispensable component to increase the plant's flexibility and
enables the endless production of ultra-thin hot strip. The inductive heater increases the intermediate and final strip tem-

1 Plant concepts to meet all customer requirements.
2 The flexibility in energy consumption is a main feature of USP® technology.
3 Selective batch and endless operation for a product mix without restrictions.
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CSP®-Two strand plant with VSB1-caster
Modes: Batch, semi-endless
Gauges: 0.8 mm to 25.0 mm
CSP®-Two strand plant with VLB2-caster
Modes: Batch, semi-endless
Gauges: 0.8 mm to 25.0 mm
CSP®-Endless plant with VLB2-caster
Mode:
Endless
Gauges: 0.8 mm to 4.0 mm
USP®-plant with VLB2-caster
Modes: Batch, endless
Gauges: 0.8 mm to 25.0 mm
Vertical Solid Bending
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peratures to extend the broad product mix especially regarding
ultra-thin hot strip. The second rolling group with five mill
stands is designed to achieve best geometrical hot strip properties. The laminar cooling table adjusts the metallurgical properties for the wide range product mix. The current design of
the reinforced laminar cooling concept helps reduce alloying
costs significantly, especially for steel grades with micro alloying elements. The USP® process’ final step is the combination
and perfect tuning of a high-speed shear and two down coilers
ensuring smooth production in endless mode.
PRODUCTIVITY: ONE- OR TWO-CASTER PRINCIPLE
The USP® plant is not only able to produce a wide range of hot
strip thicknesses (0.8 - 25.4 mm), but a variety of widths (900
- 2,100 mm) as well. In addition, the specific plant design can
be adapted according to customer requirements regarding production capacity. The capacity of a two-strand plant can reach
and even exceed 4.0 million tons per year, whereas the onestrand solution is able to produce up to 2.8 million tons per
year.
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necessary or not economic, it is preferable to produce the
product in batch mode. For a typical example, the mixed batch
and endless mode can save up to 32 % energy as compared
to 100 % endless mode (figure 2).
PRODUCT MIX: APPLICATIONS
The key advantage of the USP® technology is the possibility
to combine all advantages of batch and endless operation resulting in a product mix without restrictions; batch mode for
advanced steel grades and thicker dimensions, endless mode
for ultra-thin strip down to 0.8 mm. The customer can focus
on those steel grades that are most profitable to produce. This
ensures flexibility when reacting to changing markets and increases the long-term security of the investment (figure 3).

ENERGY SAVINGS
USP® plants are characterized by a great flexibility in energy
consumption. In a 100 % endless thin-slab casting and rolling
plant, the inductive heater is active for 100 % of the production. In order to meet today’s flat steel market demand, producers must supply the most flexible product mix which will
only be possible using selective batch and endless operation.
The USP® plant allows for choosing the endless mode only
where specific final strip must be achieved. When this is not
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SAMPLING AND STRAPPING
OF HIGH-STRENGTH STEELS
ARCELORMITTAL BREMEN (GERMANY) OPERATES A NEW SYSTEM INCORPORATING A FULLY-AUTOMATIC SAMPLING
STATION WITH DOWNSTREAM PACKAGING LINE IN ITS HOT STRIP SHIPPING AREA. THE SYSTEM RELIES ENTIRELY
ON NEWLY DEVELOPED TECHNOLOGIES FROM SMS LOGISTIKSYSTEME: SAMPLE SHEARS FOR HIGH-STRENGTH
AND ULTRA-HIGH-STRENGTH STEEL GRADES UP TO 28.3 MM THICK, A STRAPPING MACHINE WITH INNOVATIVE STRAP
FOR LINEPIPE STEEL AND A TRANSPORT SYSTEM WITH AN ASYMMETRICAL COIL REST. THE SYSTEM IMPROVES
THROUGHPUT TIMES AND ACHIEVES A MAXIMUM LEVEL OF WORK SAFETY AND RELIABILITY.

SAMPLE SHEARS FOR HIGH-STRENGTH AND
ULTRA-HIGH-STRENGTH STEEL GRADES
The shears are horizontal toggle-joint shears with an adjustable
blade gap to cover a wide range of sheet thicknesses from 1.5
to 28.3 mm. The hydraulic shear cylinder can be operated with
a connectible differential system to enable metal sheet under
16 mm to be processed at a considerably higher speed. The
coil opener is constructed as a swivel table that can be positioned with its pivot point close to the coil so that thick strip
will expand only slightly when it is unrolled. It is equipped with
electrically driven disc rollers to support and guide the strip
when it is being fed into the shears. The strip is fowarded by
means of a cradle roller station. A strip guide cage supports
the low-expansion run of ultra-high-strength materials and fulfills a secondary protective function. Thanks to the low-expansion treatment of the strip, a consistently high quality of
material samples is ensured.
The system is also designed for the efficient remedy of external winding faults by the cropping of strip segments. It has an
output ranging of between 6 and 10 coils per hour, depending
on material parameters.
ADVANCED AUTOMATION CONCEPT FOR THE
SAMPLING SHEARS
The very varied material dimensions and materials can be efficiently treated only by means of a process and operational
technology specially adapted to the individual case. Operational sequences and process technology are determined in
the control system using the transmitted basic data such as
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coil dimensions, strip dimensions and yield strength. Since
technological basic data are evaluated only, the operator will
be free to process new future products or other coil dimensions on the system without further modification. The basic
data are an integral part of the processing order which is transmitted to the plant control system from the higher-level production control system.
TRANSPORT SYSTEM WITH CONSISTENTLY ASYMMETRICAL
COIL RESTS
While being in an insecurely bound condition, high-strength
and ultra-high-strength steel coils bear considerable potential
hazard. If coil support surfaces are unsatisfactorily designed,
the outer strip end can whip round or the strip end can lift the
coil out of the stand.
This problem was solved by using asymmetrical rests with a
wide support width. Mainly due to the asymmetrical support,
the coil's center of gravity is pushed over the strip end to be
supported, so that the coil secures itself by its own weight.
Both, the coil transport car and the supports / cradle roller stations at the processing stations, are equipped with asymmetrical rests.
STRAPPING MACHINE WITH INNOVATIVE STRAP FOR X-GRADE
LINEPIPE STEEL
SMS Logistiksysteme has developed a totally new strap and
a pertaining strapping machine to quickly and securely bind
high-strength steel coils by just a few straps and a 6-spot
welded joint. At the same time, the quality of each individual

1 Asymmetrical coil rest with wide support width.
2 Final assembly of sample shear in the workshop.
3 Combined strapping machine for high-strength and conventional strap.
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weld spot is inspected, assessed and documented. To steel
producers, this means markedly shorter strapping and cycle
times and hence a considerably higher production rate, greater
safety and security during coil transport and less material
wastage.
The innovative strap measures 60 x 2 mm and likewise has
high-strength material properties. This ensures that a joint
strength of at least 120 kN is achieved.
Production in ArcelorMittal Bremen’s hot strip shipping area
started with good results already in April 2013. Practice has
shown that for the fabrication of transport-ready high-strength
steel coils, only two or three straps are necessary in most
cases. With this solution, no further safety and security measures need to be taken to prevent coils springing open.
LINE CONCEPT
Direct coupling of the above described systems with conventional coil eye and circumference strapping machines incorporated into an integrated sampling and packaging line offers
numerous other advantages. Processing stations are connected by a continuous transport system with asymmetrical
coil rests and can be operated in parallel. With an integrated
line concept, steel manufacturers can sample and strap the
complete production range from normal to ultra-high-strength
steel grades on a single system. Its high throughput capacity
makes it especially suited for the just-in-time fulfillment of dispatch orders and comprehensive sampling of larger rolling
campaigns for X-grade linepipe steels.

The concept can also be adapted for hot operation with coil
temperatures of up to 800 °C to integrate the system directly
into a hot strip rolling mill and to process the coils fully automatically in the transport line.
COMBINED STRAPPING MACHINE FOR HIGH-STRENGTH
AND CONVENTIONAL STRAP
The combined strapping machine for high-strength and conventional strap is another technical development by SMS Logistiksysteme. Typically, a very wide range of different steel
grades is produced in modern hot rolling mills, whereas not all
materials call for high-strength strap. For this reason, a machine was developed that offers the possibility to apply conventional as well as high-strength strapping band. In both
cases a welded joint is used. The advantages of this system:
a markedly lower space requirement compared to two separate machines, simplified servicing and maintenance and optimization of strapping costs, since the most suitable strapping
method in each case can be used for all requirements.
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KNOW THE WEAR LIMITS
AND GET THE MOST OUT OF
COMPONENTS
IN ORDER TO OFFER THE BEST POSSIBLE MAINTENANCE AND REPAIR SERVICES, THE SMS GROUP HAS AROUND
60 SERVICE LOCATIONS PROVIDING DIRECT ASSISTANCE WORLDWIDE. FOR REPAIRING EQUIPMENT THAT
STRONGLY INFLUENCES THE STABILITY OF THE ENTIRE ROLLING LINE, CORRECTIVE MAINTENANCE PROCEDURES
HAVE BEEN DEVELOPED AND PERFECTED. IT IS SMS GROUP’S COMPREHENSIVE KNOWLEDGE OF PLANT
PROCESSES AND FUNCTIONS THAT ENABLES SUCCESSFUL REPAIRS AND MAINTENANCE.

Shears, mandrels, spindles or adjustment cylinders are some
of the key components which contribute to the quality of the
final product. In addition, these key components influence reliability, performance and availability of the plant, or require a
high degree of knowledge for their repair. A true assessment
of the individual unit's state is the first step for each repair.
This includes knowledge of its function within the overall
process, specified wear limits and empirical values. This
know-how is exclusive to the plant supplier. Therefore, SMS
recognizes its duty as life-cycle partner to support its customers.
REPAIR BASED ON KNOWLEDGE AND SKILLS
The large number of SMS workshops situated in close proximity to its customers specialize in key component corrective
maintenance. This closely linked service network ensures consistent quality and intensive communication across the globe.
Well-qualified and experienced maintenance and repair teams,
along with design and R & D engineers from the departments,
form a group with proven competence. They perform professional overhauls, take new technologies into account and
never lose sight of decisive parameters.
WELL THOUGHT-OUT SEQUENCES
Professional sequences make it possible to organize repairs
efficiently but flexibly, as well as keeping the projected deadlines. Short routes, structured processes and an inventory of
blank parts enable reliable and quick repairs. SMS already provides full-service assistance for the removal of components
or equipment items. After arriving in a service workshop, the
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element is rapidly disassembled by a maintenance team. Its
condition is then determined during the subsequent detailed
damage assessment by repair and quality experts. As part of
each inspection, the relevant functional dimensions are
checked by SMS’s design experts. They also examine how
wear, possible functional defects and damage may have occurred. An economically focused evaluation is decisive in determining whether a part should be changed, reworked,
modified or replaced. A damage report details all findings that
are then discussed with the customer.
STATE-OF-THE-ART TECHNOLOGIES
In many cases, plants can keep on running at a high level simply by applying small-scale measures. In doing so, production
can be increased and maintenance or operating costs improved. In relation to other repair services, SMS analyzes each
unit for innovative improvement potential. This makes it possible, during the initial planning stages, to integrate technical
and technological innovations such as wear-resistant coatings
or replace components components more conveniently.
A LEADING EDGE THROUGH FRAMEWORK AGREEMENTS
In the need to reduce costs, professional competence regarding key components is often sacrificed, as fewer personnel
has to cover a higher workload. But, knowledge and experience are prerequisites for ensuring continuous maintenance
improvements. Here, SMS intervenes to counter exactly this
deficit by maintaining a repair history for each unit and thus
enabling the plant owners to regain this lost knowledge. Tailor-made framework agreements offer additional advantages:

1 Reliable key components contribute a high-performing plant and a high quality product.
2 SMS repairs take new technologies into account.
3 The Original Equipment Manufacturer knows about the decisive parameters to get the
best out of your components.
4 SMS service workshops are specialized in key component corrective maintenance.
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3

4

A large number of critical single parts is reserved and available
ensuring accurate deadline forecasting along with fast emergency repairs.
EXAMPLES FROM PRACTICE
Shears
With clean cuts, perfectly functioning shears ensure troublefree transitions and high-quality final products at all process
stages. A shear construction specialist is familiar with the requirements to achieve the perfect cut and knows the exact
contribution of each part. Wear limits play a decisive role when
SMS experts specify which components are to be refurbished
or replaced. To ensure that each repair is profitable, they strive
to receive and recondition large components. For example,
heavy wear and corrosion may cause the knife holding and
clamping unit to become weakened due to loss of material.
The SMS engineers analyze the symptoms and search for possible improvements ranging from reconditioning of the damaged surfaces to improvements in design and technology.
Drive systems
In this area, SMS achieves a high-grade result by subjecting
the blank parts to quality testing after each production step.
SMS has strengthened its areas of competence and expertise,
thanks to the valuable investments made at German manufacturing locations. The 5-axis machining center for the production of free form toothings for the wobblers in the new
high-performance spindles or the gear measuring machine are
only a few of the acquisitions which have enabled SMS to be-

come a “know-how authority”. The new machines also widen
the repair possibilities. For example, typical wearing surfaces
at the sleeve located on the roll side or on the thrust pieces
can be professionally and quickly reconditioned. Furthermore,
SMS offers a raw materials program for gear components that
would normally have a very long delivery time.
Oil film bearings
The task of oil film bearings is to transfer the adjustment
forces to the rolling stock and is essential in meeting the requirements placed on strip geometry and surface quality. More
than 40,000 SMS roll-neck bearings demonstrate the customers’ stringent demand for precision and satisfaction. This
same care is reflected in the repair and corrective maintenance
systems of SMS. Bearing bushes and roll neck sleeves are
subjected to thorough reworking. For this purpose, the functional surfaces are reworked by machining and / or are newly
coated in keeping with their original condition. This is performed with proven high-precision machine tools and the recently introduced plasma-brazing process which, besides
being environment-friendly, also has a high accuracy of reproduction.
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ENHANCED PROCESS AND
EQUIPMENT SOLUTIONS
FOR MODERN PLATE
PRODUCTION FACILITIES
THE INCREASING DEMAND FOR HIGH-STRENGTH AND THICK PLATES REQUIRES THE ADAPTATION OF THE EQUIPMENT
USED FOR PLATE ROLLING AND TREATMENT. ACCORDING TO THIS DEMAND AND CONSIDERING SPECIAL REQUIREMENTS OF PARTICULAR CUSTOMERS, SMS GROUP HAS ELABORATED NUMEROUS INNOVATIVE SOLUTIONS THAT ARE
CONVINCING IN CAPABILITY AND EFFICIENCY.

Since 2000, the SMS group has installed 23 new heavy plate
mills mainly including electrics and automation all over the
world and in particular in China, South Korea and Russia. This
makes the SMS group the leading supplier in the heavy plate
sector. In order to keep pace with the increasing demand for
high-strength and thick plates, the SMS development activities
in plate rolling technology were focused on extending the capability of the equipment installed.
COAXIAL CVC® PLUS FOR UNLIMITED ROLL GAP OPENING
CVC® plus technology in plate mills enables efficient profile
and flatness control in a wide setting range, independent of
the rolling forces. This minimizes the number of passes, which
in turn increases the productivity of the mill. It improves the
material through-forming in thickness direction and consequently the homogeneity of the plate properties and permits
thinner final thicknesses and wider plate dimensions to be
rolled.
Well known are CVC® plus shifting and bending solutions like the
shiftable bending blocks with roll gap openings of up to 320 mm
and like the fixed bending blocks with bending hoods allowing
roll gaps of up to 550 mm. The coaxial shifting solution which existed for a long time only theoretically, allows, from the CVC®
plus point of view, an unrestricted roll gap opening. This solution
was realized with great success for the first time at the new mill
stand of NLMK DanSteel, Denmark. The work-roll shifting cylinder moves together with the work roll up and down. This allows
unrestricted gap opening and enables an extremely compact and
economic design which is beneficial in case of limited space.
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TAILOR-MADE SOLUTIONS FOR TEMPERATURE CONTROLLED
ROLLING (TCR)
The portion of temperature controlled rolled plates increases
as a consequence of the growing demand for high-strength
steels. Often, older mills are not designed for economical TCR
rolling as the roller tables in the entry and exit sections of the
mill stand are not long enough. To overcome this limitation,
SMS offers solutions like parallel roller tables and shuttles.
During recent years, these solutions have been successfully
installed at ArcelorMittal Gijon Works (Spain), at the plate mills
of Salzgitter Group in Ilsenburg and Mülheim (Germany), at
Handan Iron & Steel (China) and OMK Vyksa (Russia).
LATEST DESIGN OF THE PLATE COOLING SECTION
FOR ACCELERATED COOLING AND DIRECT QUENCHING
Since the first combination of the laminar plate cooling with
spray cooling, SMS has been adapting the design of its solution to latest requirements. In the spray cooling section with
pinch rolls, the design of the cooling headers has been optimized to improve the cooling efficiency of the system. The
pinch rolls between the cooling headers have proved to be advantageous for two reasons; firstly they maintain homogenous
cooling by avoiding tramping water, and secondly they improve flatness even at very high cooling rates by pinching the
plate. Also in the low-pressure cooling section, the design of
the headers has been changed from the U-pipe design to a
spray type design. This latest design, consisting of a high and
a low-pressure spray cooling was realized for Posco’s (South
Korea) 5.5-m plate mill, for OMK Vyksa’s 5.0-m plate mill and
for Hyundai Steel’s 4.3-m plate mill (South Korea).

1 First plate at NLMK DanSteel.
2 VDM Metals’ new plate mill for nickel-based alloys, titanium alloys
and special stainless steels.
3 Cold plate leveler.
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ROLLING-CUT TYPE SHEARS FOR CUTTING 60 MM PLATE
THICKNESS
The rolling-cut principle, invented by SMS, is a well proven,
economic shear design approach. Recent development has
focused on increasing production capacity for dividing and
trimming shears. With increasing cutting speed, this has been
achieved for plates with a maximum thickness of 60 mm. Further, the shape of the cutting edges was improved by implementing an additional vertical knife gap adjustment system.
This new generation of rolling-cut type shears is all set to satisfy future market demands.

MULTIFLEX-QUENCH®
The innovative MultiFlex-Quench® is characterized by its exceptionally high degree of flexibility. It sets itself apart from
other quenches by the extremely wide range of cooling rates,
from direct water quenching right down to gentle cooling
achieved by a multiple nozzle system. As a result, flexible cooling patterns are possible for a wide range of different steel
grades. The first installation is under execution for Acroni
(Slovenia), a company highly specialized in plates and strips
made of stainless steels, tool steels, abrasion-resistant steels
and HSLA grades.

COLD PLATE LEVELER
The well proven solution of SMS for cold leveling is the
patented 9/5 cold plate leveler. Each leveling roll of the leveler
has a separate hydraulic adjusting system, apart from the hydraulic main adjusting system, and its individual drive. This allows operating the cold plate leveler in 9-roll or 5-roll mode
and extends the leveling range (thickness versus yield
strength) substantially.

ADVANCED PROCESS MODELS AS OPEN SYSTEMS
Due to their strong physical basis, models of SMS like the
pass schedule model, the plate cooling model or the plate leveling model, achieve high performance from the first product
processed. The major element to support this fact is the Material Data Base (MDB). The MDB is a uniform platform for the
calculation of all relevant physical properties in relation to the
chemical analysis of the material and the process conditions.

To fulfill special requirements, this proven design can be
adapted. For example, for VDM Metals, Germany, the new
cold plate leveler was designed and equipped with eleven leveler rolls able to process plates made of nickel-based alloys,
titanium alloys and special stainless steels between 3 and 30
mm in thickness and from 200 to 3,200 mm in width.

Further, the MDB allows the connection to other data bases.
The use of the model as an open system was applied for the
pass schedule model of the new 2.7-m heavy plate mill for
VDM Metals for the first time. With the connection to its own
data base, VDM Metals was able to protect its know-how and
to benefit from a well proven and highly stable model structure
as well as from the physical description of the mill behavior.
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HEAT TREATMENT LINES
AND FURNACE TECHNOLOGY FOR
HOT STRIP AND PLATE MILLS
THE SMS GROUP HAS BEEN FOCUSING ON HEAT TREATMENT TECHNOLOGY FOR HEAVY PLATES AND HOT
STRIP TO MAKE THE PRODUCTION PROCESS MORE EFFICIENT AND FLEXIBLE. THE DEVELOPMENT OF NEW
MATERIALS AND CHANGING MARKET ENVIRONMENTS CAUSED A DEMAND FOR “MULTI-PURPOSE” PLANT SOLUTIONS CONCENTRATING ON FLEXIBILITY AND MATERIAL QUALITY. THE SOLUTIONS PERMIT A WIDE RANGE
OF HEAT TREATMENT STRATEGIES FOR A GREAT VARIETY OF MATERIALS.

HEAT TREATMENT LINES FOR HEAVY PLATE
To produce plates with ever higher strength and toughness,
plant technology must undergo continuous advancement.
New rolling and cooling technologies often allow the mechanical properties to be set inline, i.e. within the rolling line, but
extremely challenging materials, however, require a final heat
treatment.

In the face of increasing energy prices and rising environmental requirements, SMS attaches great importance to high energy efficiency in the rating and design of the furnaces. For
each project, SMS develops a tailor-made optimum solution
in cooperation with the customer, taking into consideration upstream plant areas.

The type of furnace normally used in a continuous heat treatment process for normalizing and tempering is the rollerhearth furnace. Its strengths are on the one hand different
speeds for individual heat treatment of plates and on the
other hand a high maximum speed to transport plates to the
quench.

The result of the quenching process is a significant increase
in hardness due to the formation of martensite. Plate fixing
during the quenching process ensures good flatness even at
high cooling rates. Whereas a continuous quench cools the
plates on their way through the line, a platen quench or a discontinuous roller-type quench cools in batches plate by plate.
Due to their lower throughput, they are economic solutions
especially for low production volumes.

For the heat treatment of stainless and special steels, double
walking-beam and chamber furnaces are frequently used. In
2013, the SMS group supplemented the existing heat treatment line of Outokumpu Stainless Degerfors by two chamber furnaces and a quenching unit. The chamber furnaces are
operated for combinations of high plate loads and temperatures, i.e. mainly small batches and niche products. At temperatures of more than 1,200 °C, the furnaces at Outokumpu
Stainless can also produce demanding steels such as highalloy grades for special applications. The two units at Outokumpu are particularly flexible as each furnace can be
subdivided by a separating inner door permitting Outokumpu
to heat even short plates at different temperatures in an energy efficient manner.

New technology for more flexibility: MultiFlex-Quench®
A new type of quench, the MultiFlex-Quench®, developed by
the SMS group will be put on stream at the Slovenian steelmaker Acroni in 2016. Contrary to conventional continuous
quenches, this type is no longer rigidly subdivided into a highpressure and a low-pressure section. Instead, the entire range
of cooling rates is available over the full length. All cooling patterns from slow cooling to abrupt quenching can thus be realized to achieve an even wider product portfolio. By installing
different nozzle systems and control valves, the MultiFlexQuench® can individually be designed to suit the customer’s
product mix.
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1 The MultiFlex®-Quench has an extremely wide cooling range.
2 All processes are clearly visualized by the X-Pact® electrical and automation systems.
3 Heat treatment line at Outokumpu Stainless with the two chamber furnaces and the quench.
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SMS also assists customers in determining the optimum heat
treatment parameters for new high-quality plate products on
the MultiFlex-Quench®. Material properties such as time-temperature transformation characteristics or mechanical core values after different heat treatment steps are integrated into the
automation systems to optimize the process parameters.
Based on this know-how, it will be possible to set the mechanical properties achievable by the heat treatment more precisely, minimize the use of alloying elements, shorten process
times, increase the output and hence contribute to environment protection.
Electrical and automation systems
For the effective setting of mechanical properties in heat treatment, SMS integrates its X-Pact® electrical and automation
systems also in these plants. To describe the complex and, in
part, highly dynamic processes, mathematical models are
used and combined to a holistic approach. The essential target
values for plant control are mechanical properties (respectively
the microstructure), energy efficiency and plate flatness. Calculation of the cooling rates which determine the material
properties is made on the basis of SMS’s material data base
which is the foundation of all SMS process models. For all
steel grades it provides the most important physical and mechanical properties depending on their chemical composition
and temperature.

ENERGY-EFFICIENT FURNACE TECHNOLOGY FOR CSP® PLANTS
In hot strip production, a main development focus has been
on the CSP® furnace. The most recent reference is the CSP®
for the new CSP® plant of Big River Steel (USA).
By combining furnace technology and technological knowhow, the CSP® furnace is no longer a mere heating device.
Due to the implementation of a model-based furnace control
and the development of new furnace components, it can be
operated more flexibly and with greater energy efficiency. For
example, the CSP® furnace can be combined with inductive
heating in front of the mill entry in order to be able to flexibly
adjust the rolling temperature.
A contribution to energy-efficiency is the development of new
furnace rolls. By using special high-temperature-resistant fiber
wool instead of concrete as refractory material for the watercooled SMS furnace rollers, the heating of the cooling water
can be reduced significantly without influencing the required
cooling of the materials. So, the total energy consumption of
the complete tunnel furnace can be reduced by 20 %, considering all other heat losses.
Dry furnace rollers are made of various high-temperature alloys. The SMS group uses patented high-temperature alloys
for the dry furnace rollers allowing an operation up to 1,200
°C. By operating with this solution instead of customary watercooled furnace rollers, energy consumption of a tunnel furnace
can be reduced by 50 %, considering all other heat losses.
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LATEST DESIGN FOR TANDEM
COLD MILLS – ALL-IN-ONE
SOLUTION FOR EFFICIENT COLD
ROLLING
THE SMS GROUP’S NEW GENERATION OF X-ROLL® TECHNOLOGY FOR COLD ROLLING IS TARGETED
AT COLD STRIP PRODUCERS WANTING TO STRENGTHEN THEIR PRODUCTION FACILITIES AND TO
ADAPT TO MORE COMPETITIVE MARKET REQUIREMENTS. UNDER THE LABEL X-ROLL® 2.0, A BUNCH
OF NEWLY DEVELOPED TECHNICAL SOLUTIONS IS PROVIDED ENSURING ECONOMIC MILL DESIGN
AS WELL AS FLEXIBLE AND EFFICIENT MILL OPERATION.

The features labelled “X-Roll® 2.0” allow cold rolling mills to
be designed in a more compact and therefore economical
way. The combination of these new features with the new
twin reel in the exit section and space and energy saving auxiliaries, the SMS group has been able to establish a new tandem mill concept. Comprehensive assistance and monitoring
systems are rounding up the technical solutions. The key components are the Sieflex® HT drive spindle, twin reel, Emulsion
Compact Unit (ECU) from the equipment point of view and
TRC®, ECO-Mode, Energy Advisor from an automation point
of view.
SIEFLEX® HT GEAR TYPE DRIVE SPINDLE
The Sieflex®-HT gear-type spindle stands for high torque and
indicates the significantly increased torque transmission. Due
to the redesign of the gear rim and the adaption of the material
used, the transmissible torque is increased by up to 100 %.
In addition, the alignment angle is extended to 2.5 ° with only
a small reduction in torque capacity. Together with a redesign
of the work roll neck, smaller work roll diameters are applicable for more demanding rolling tasks. As a result, in existing
mills the product mix can be extended with low capital expenditure, by retrofitting the Sieflex® HT spindle.
When directly comparing the conventionally designed TCM
with the one using the Sieflex® HT spindle, the benefits for
cold strip producers become obvious. In the example (Table
1), both TCMs have each five mill stands in CVC® plus fourhigh design and are able to roll low carbon and high strength
steels (incoming material) up to 700 N/m3 yield strength with
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a maximum strip width of 1,875 mm. In order to fulfill a given
rolling task, the TCM can be designed for smaller roll diameters and requires lower rolling forces. Consequently, investment costs can be reduced and smaller final gauges can be
attained under stable operation conditions.
TWIN REEL:
OPTIMIZED CONCEPT FOR THE CONTINUOUS EXIT SECTION
The SMS group has redesigned the continuous exit section
and offers the newly developed twin reel in addition to the
well-known and proven double and carousel reels. The twin
reel combines the advantages of the conventional reel concepts and provides further benefits. Both reel drives are installed opposite to each other. In between the coiling takes
place. The reel mandrels are of proven design and are supported in every position on both sides. Therefore, coiling with
high strip tensions is possible right from the beginning, resulting in high coiling accuracy and a stable coil eye. All this makes
it the perfect solution for high-strength grades. The twin reel
is able to cope with “jumbo coils”, i.e. maximum coil weights
up to 60 tons. Due to the very short distance between the initial coiling and the last mill stand, also ultra-thin strips can be
coiled safely and accurately. Belt wrapper and spool operation
can be integrated into the new configuration as well as the inspection station Rotary Inspect. The coil transport in direction
of the strip flow with only one coil car is significantly simplified
and cost efficient. Furthermore, the drive technology is also
simplified because just one gear stage is needed.

2

1
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1 Sieflex HT® gear-type drive spindle.
2 Emulsion compact unit – extremely space and energy saving design.
3 X-Roll® 2.0 Tandem Cold Mill.

ECU EMULSION COMPACT UNIT
A conventionally designed PL-TCM emulsion plant requires a
space of at least 300 m² and the plant components are
arranged separately on a single level. The new ECU by the
SMS group is characterized by an extremely space saving design. Depending on the plant size, an ECU will take less than
half the ground area of a conventional plant. The components
are no longer arranged separately and connected via complex
pipeline systems, but combined in one compact unit and
arranged on two levels. Compared to a conventional system,
the ECU reduces energy consumption for operation needs by
up to 45 %. 35 % are saved through emulsion supply in line
with demand and approx. 10 % through clever use of waste
heat from the rolling mill.
NEW ASSISTANCE AND MONITORING SYSTEMS
Assistance and monitoring systems from the SMS group are
an important contribution to efficient and resource saving operation of cold rolling mills. An example is the innovative TRC®

rolling assistance system (Total Roll Gap Control), which is part
of the Level-2 automation. TRC® supports the threading-in and
tailing-out process for fast and precise start and finish of rolling
and significantly reduces yield losses.
ECO-Mode is the new assistant that helps save energy. Like
the start / stop automation in a car, it automatically switches
off functions in the mill, considering their restarting time. So
it is ensured that during a longer break all pumps and devices
are stopped or operating at the required minimum.
The X-Pact® Energy Advisor is an energy management system
which allows energy monitoring and consumption analysis including electrical power, steam, gas, compressed air and other
fluids. It is designed to correlate the products rolled with the
particular energy consumption to identify potentials for improvement of mill operation.

Feature

Conventional TCM

New design TCM

Work roll diameter

520 mm / 450 mm

390 mm / 320 mm

Backup roll diameter

1,400 mm / 1,250 mm

1,300 mm / 1,150 mm

Mill drive

Work roll drive

Work roll drive

Rolling force

Max. 30 MN

Max. 25 MN

Table 1: Comparison between conventional and new design TCM.
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HIGH-END COLD PRODUCTION
COMPLEX FOR ADVANCED
COLD STRIP APPLICATIONS
AND DYNAMIC GROWTH
GAZI METAL SET UP A NEW COLD STRIP PRODUCTION SITE NEAR KARAZU (TURKEY), SUPPLIED BY THE
SMS GROUP. IT STARTED OPERATION IN AUTUMN 2014. “HEART” OF THE PLANT IS A REVERSING COLD
MILL FOR CARBON AND SILICON STEEL PRODUCTION WITH AN INITIAL CAPACITY OF 350,000 T/YEAR.
THE CONCEPTUAL DESIGN CONSIDERES OPTIONS FOR EXTENSIONS, OFFERING GAZI METAL THE
OPPORTUNITY TO DOUBLE ITS CAPACITY AND TO DIVERSIFY PRODUCTS IN THE FUTURE.

CONCEPTION OF THE NEW COLD STRIP COMPLEX
The new cold strip complex of Gazi Metal Mamülleri Sanayi
Ve Ticaret A.S. (Gazi Metal) is designed to produce cold strip
of carbon and silicon steel at an initial capacity of 350,000 t/
year. The major production equipment is a pickling line with
horizontal loopers and acid regeneration plant, a single-stand
Reversing Cold Mill (RCM) and a skin pass mill. Gazi Metal
chose the SMS group as major supplier, because the German
machine building company was able to cover all key and quality determining components plus the drive engineering and
equipment as well as the automation package including
model-based pass-schedule calculation and visualization features. Gazi Metal also trusts the SMS group’s vast experience
in the production of silicon steel.
The finished strip is supplied, among others, to carmakers and
manufacturers of household appliances. The strips produced
are between 600 and 1,550 mm wide and 0.25 to 3.0 mm in
final thickness. On October 30, 2014, with the successful
rolling of the first coil, the production facility officially went into
operation.
REVERSING COLD MILL
The core equipment of the new cold strip complex is the single-stand reversing cold mill in CVC® plus six-high design. This
RCM is a type of rolling mill satisfying multiple requirements,
like a wide product range, customized quantities, efficient operation and extensibility according to future demands. Thus,
Gazi Metal is able to react flexibly on customers’ demands
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with regard to steel grade, strip dimensions as well as slot and
coil size.
Gazi Metal’s RCM is capable of rolling a wide spectrum of
products, comprising low-carbon and non-grain-oriented
silicon steel strips. The carbon steel strip is rolled down to final
gauges of 0.25 mm, while the minimum final thickness of
NGO silicon steel is 0.30 mm. The work roll diameters range
from 320 mm to 370 mm. Maximum rolling force is 18,000
kN, the maximum rolling speed 1,200 m/min.
For the demanding tasks, the RCM comes with an array of
high-tech components and advanced actuators for precise roll
gap adjustment and a wide setting range. Besides hydraulic
gap control and wedge adjustment system, the six-high stand
provides CVC® plus as well as positive and negative work roll
bending and intermediate roll bending systems. This ensures
reliably meeting the high quality standards in terms of strip
profile, thickness and flatness. In addition to the implemented
actuators, Gazi Metal’s RCM is prepared for later installation
of Edge Drop Control (EDC®), which minimizes the natural
thickness drop at the strip edges and reduces trimming
losses. The exit area of the RCM accommodates the multizone cooling system to improve flatness and the Dry Strip (DS)
system to ensure best strip surface quality. The state-of-theart selective multi-zone cooling system specially copes with
non-symmetrical and local flatness deviations to bring final
strip flatness to perfection.

1 The assembly and commissioning team is happy
about the first coil successfully rolled on October
30, 2014.
2 Reversing cold mill from the exit side.
3 Reversing cold mill from the entry side.
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Gazi Metal benefits from integrative mechanical and electrical
engineering resulting in the optimal design of gear boxes and
spindles, motors and converters, power supply and power distribution. The scope of supply of SMS group’s X-Pact® automation comprises all drive systems, field devices and Level-1 and
Level-2 systems.
The Leve-2 system plays a major role in increasing the output
of the mill. Crucial for an optimal rolling process is accurate
pre-setting of the rolling gap. This is where the technological
process models set the optimum variables (roll bending and
shifting and leveling) as well as the anticipated rolling force
and strip thickness.

3

The pickling line will be changed from semi-continuous to continuous operation. To increase the capacity of acid regeneration, a second acid recovery plant of identical capacity will be
added to cover the two times higher acid demand of the continuous pickling line. An additional RCM of identical design will
be added to boost rolling capacity. The skin-pass mill will be
extended by a second mill stand to convert it into a Double
Cold Reduction mill (DCR), essential for tinplate production.
CONCLUSION
With the new state-of-the-art and sustainable cold strip production facility, Gazi Metal has achieved an important milestone on its course of becoming the locomotive on Turkey’s
flat steel market.

COMMISSIONING AND RAMP-UP
On-site assembly and commissioning could be kept as short
and as easy as possible. Before shipping, major parts of the
RCM had been preassembled to ensure the components perfectly fit together and problems that might occur during assembly were kept small or widely excluded. In addition, Plug
& Work helped reduce the commissioning time of the automation system and minimize on-site corrections as well.
PREPARATIONS FOR FUTURE PLANT EXTENSION
In the second construction stage, Gazi Metal intends to boost
production up to 700,000 t/year. Apart from doubling the production, also the product range will be enlarged by adding tinplate. The provisions for efficient extensions were made right
from the start of the project.
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HIGH PRODUCTIVITY IN
STAINLESS STEEL PRODUCTION
WITH TANDEM COLD MILLS
OF 18-HS DESIGN
SETTING UP A CONTINUOUS ROLLING MILL FOR THE PRODUCTION OF STAINLESS STEEL STRIP IS A COST-EFFECTIVE
OPTION, ESPECIALLY FOR AN ANNUAL CAPACITY OF MORE THAN 400,000 TONS. IN COMPARISON WITH COLD
ROLLED STRIP PRODUCED IN REVERSING MILLS, THE TANDEM MILL CAUSES THE LOWEST CONVERSION COST AND
HIGHEST YIELD. UNTIL TODAY, SMS GROUP HAS SUPPLIED SEVERAL MILLS OF 18-HS DESIGN. AMONG THESE ARE
THE TWO CONTINUOUSLY OPERATING TANDEM COLD MILLS (CTCM) OF POSCO AND TISCO.

18-HS MILL DESIGN
Several years ago, the SMS group introduced a new Tandem
Cold Mill (TCM) concept to the market, providing the mill
stands with extremely slender work rolls. This mill design is
based on the quality requirements of a specialized cold strip
production conventionally using single-stand reversing mills of
20-high design. The TCM is intended to substitute the singlestand 20-high mills in defined application ranges. The 18-HS
design consists of laterally supported, slender work rolls. The
fundamental arrangement is based on the six-high concept
with backup, intermediate and work rolls.
The mill is equipped with best available actuators to ensure
strip flatness. By shifting the lateral side support and moving
the work rolls in horizontal direction, it becomes possible to
minimize the horizontal force and increase process stability
during rolling. To ensure excellent strip quality, the 18-HS type
can be provided with proven CVC® plus technology, intermediate roll bending and edge-oriented intermediate roll shifting.
A further advantage with regard to productivity is the simple
and fast work roll and intermediate roll change. Apart from the
installation in a TCM, the 18-HS stand design is also applicable
for single-stand reversing mills.
18-HS APPLICATION IN TCM –
EFFICIENT STAINLESS STEEL PRODUCTION OF 500,000 T/YEAR
The four-stand Continuous Tandem Cold Mill (CTCM) of Posco
Pohang Iron & Steel Co., Ltd. (South Korea) is operating successfully since the year 2009. It was the first plant of this type
in the world, exclusively producing stainless steel strip. In
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2014, the SMS group has installed a five-stand TCM for the
Chinese customer Shanxi Taigang Stainless Steel Corporation
(Tisco).This mill is the centerpiece of a continuously operating
production line, a “White Sheet Rolling, Annealing and Pickling
Line” (WRAP). Both TCM installations come with an annual
capacity of more than half a million tons each.
REFERENCE POSCO
Posco uses its CTCM supplied by the SMS group for the production of ASTM 200, 300 and 400 grades. The incoming material comprises of hot as well as already cold rolled strip. The
high-performance mill is arranged in line with the continuous
entry section. Continuous mill operation with maximum rolling
speed of 400 m/min is ensured by payoff reel, welding machine and horizontal strip looper. The four mill stands are
equipped with 18-HS roll sets, designed for 16 MN maximum
rolling force. Due to the small work roll diameters, the mill is
able to achieve extremely high pass reductions which guarantee the highly economical production. Mill drive is accomplished via axially shiftable intermediate rolls. Optimized
supply of rolling oil ensures strip cooling as well as cleaning
of the 18-HS inserts, and it is only within two minutes time
that the work rolls get changed fully automatically. The fifth
“stand“ contains a strong pinch roll unit to realize high strip
tensions. On the exit side, the strip is gathered by a drum-type
shear, double reel unit with continuous and automatic paper
feed, and the inline inspection Rotary Inspect.
The CTCM rolls strips with widths up to 1,350 mm and a maximum entry thickness of up to 5.0 mm to minimum final

1 The SMS group’s plant concept for continuous production of stainless steel cold strip.
2 CTCM as centerpiece of a continuous stainless steel production line at Tisco.

1

2

gauges of minimum 0.4 mm. The CTCM which is in operation
since the beginning of 2009 runs to absolute customer satisfaction.
REFERENCE TISCO
In order to enhance its production capacity by more than one
million tons of stainless steel strip per year, Chinese producer
Tisco awarded an order to the SMS group for the supply of
two continuous tandem cold mills; one of CVC® plus six-high
(TCM 400) and another of 18-HS design (TCM 300), each with
a strip cleaning section. Each tandem mill constitutes the nucleus of an integrated WRAP production line. Both tandem
cold mills process hot strip that is preheated in the hot strip
annealing and pickling line also supplied by SMS group.

CONCLUSION
SMS introduced latest plant concepts designed for the efficient production of stainless steel. The CTCM configuration
enables the strip producers to roll a wide range of products
with regard to strip width and thickness. Off-gauge lengths,
for example, are remarkably low. Also, the surface quality of
the strips is excellent and beneficial for downstream processing. The tandem mills are characterized by low production
costs and high yield. All this is made possible by the provision
of continuous production concepts combined with high-end
equipment from the SMS group.

The TCM 300 is the first five-stand tandem mill of 18-HS design worldwide. With the plant configuration, Tisco is able to
produce up to 600,000 t/year of stainless steel strip of the
AISI 300 and 400 series. The tandem mill rolls strips of widths
up to 1,650 mm and maximum 6.0 mm entry thickness to a
minimum exit thickness of 0.6 mm at a maximum rolling
speed of 370 m/min. The maximum rolling force to be applied
is 18 MN. In June 2014, the plant was successfully put to
operation.
Tisco now owns the world’s most up-to-date stainless steel
production lines, manufacturing high-end stainless steel
grades for a wide range of industrial applications at low conversion costs. The technological progress Tisco has made
helps China to become more independent of imports.
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WELL-EQUIPPED,
EFFICIENT ROLL SHOPS
EFFECTIVE MAINTENANCE IS AN INDISPENSABLE PART OF A PLANT SERVICE LIFE AND THUS SHOULD BE
RELIABLE AND COST-EFFECTIVE. OPTIMALLY, THIS WILL RESULT IN INCREASED OUTPUT, GOOD KPIS AND
RESOUNDING SUCCESS. THE MAIN AIM OF ANY PLANT OWNER IS TO PRODUCE HIGH-QUALITY STRIP AND
TO FACILITATE THIS. THE SMS GROUP AS A LIFECYCLE PARTNER IS IN CHARGE OF EXTENSIVE SUPPORTING
AREAS INCLUDING MANAGEMENT OF THE ENTIRE ROLL SHOP.

Guaranteeing maintenance that is successful and cost-effective at the same time is extremely demanding. Besides an efficient strategy which considers all plant parts, maintenance
managers have to effectively combine and manage high-quality instruments and “ingredients”. To achieve top-quality results, a brilliant level of experience, detailed technological
knowledge, qualified personnel, flexibly tested processes and
optimum machinery utilization are necessary. More than that,
our modern age requires further development and constant
improvement of methods to guarantee continuous progress
achieving results.
HAND IN HAND
Depending on the individual needs of a customer, SMS provides the operation or management of a roll shop for hot / cold
rolling mills. It includes equipment, management and providing
trained specialist staff, or managing the plant owner’s workshop. SMS was brought aboard by Severstal North America
for the roll shop management of its five-stand cold rolling mill
in Dearborn, Michigan (USA). The six-high mill has been in operation since 2011. Production of 1.8 million t / year requires
grinding of up to 1,100 work rolls, intermediate rolls and
backup rolls each month.
Severstal has trusted SMS roll shop service from the start-up
of the cold rolling mill. Directly adjacent to Severstal’s cold
rolling operation, SMS opened a 2,000 square-meter roll shop.
After AK Steel acquired the hot and cold rolling mills in 2014,
it became convinced of the advantages and decided to continue the cooperation.
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Rolls, being in direct contact with the strip, are one of the primary sources of surface defects. Their perfect condition is
thus important to guarantee reliable production while achieving strip with excellent surface quality. As a systems supplier,
SMS provides turnkey roll refurbishment and is solely in
charge of roll maintenance and the training of specialist personnel in the Dearborn roll shop. Thanks to carefully selected
modern technologies and processes, an efficient and high
quality reconditioning can be guaranteed.
The workshop is equipped with fully automatic CNC grinding
machines for precision grinding providing the rolls with the excellent surface finishes and extremely close tolerances in diameter, profile and contour. During grinding, rolls are
automatically inspected using eddy-current and ultrasonic testing equipment to thoroughly examine the surface and subsurface of the rolls for cracks and imperfections. As a result, rolls
with defects that could affect strip quality or spall and break
during the rolling operation are removed. This precise reconditioning not only enhances the quality of the strip produced
at AK Steel but also the rolls' service lives.
NEW SURFACE TECHNOLOGIES EXTEND ROLL CAMPAIGNS
In close cooperation with SMS Modern Hard Chrome in
nearby Warren, Michigan, the workshop offers additional technologies like chrome plating and Electro-Discharge Texturing
(EDT). With the use of these technologies, the roll life and strip
quality is enhanced to a great extent.

1 SMS manages the roll maintenance shop in close cooperation with AK Steel.
2 The grinder operator can quickly monitor that the roll being processed meets all
customer specifications and is crack-free.

3 Using an automated roll changing car, a technician quickly removes the chock
from the roll.
4 The automated chrome plating process provides consistent and repeatable
deposits that help ensure rolls deliver quality sheet.

1
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3
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After the rolls have been ground and undergone stringent inspection, some of these further undergo EDT before chrome
plating. It produces a consistent and repeatable surface roughness with tight tolerances and an extremely uniform surface
with high peak counts and little variance on hard work rolls.
This helps AK Steel to produce flawless sheet products.
To protect the surface texture, SMS Modern Hard Chrome
then plates the rolls with chrome. Chrome is one of the hardest metals, has excellent corrosion resistance, provides very
high wear resistance and can extend roll life up to four times.
Chrome plating may also make it possible to increase rolling
speeds by 30 %. These technologies are especially valuable
for strip for the highly demanding automobile industry and provide operators with considerable economic advantages.
INTELLIGENT PROCESSES FOR EFFICIENT OPERATIONS
AK Steel also benefits from SMS concentrating on workshop
processes and developing new technologies, besides performing repair work. Extensive experience and continuous development create significant advantages. This includes the
right selection and purchase of effective machinery and instruments which optimize procedures. For example, CNC-controlled grinding machines reduce the turnaround time for a roll
measuring 1.5 m by 6.7 m to just 22 min. To remove and reassemble chocks, SMS uses semi-automated equipment
which speeds up the process and provides greater precision.

AK Steel also profits from a sophisticated tracking system
used at the roll shop that tracks the rolls, chocks and bearings
and integrates grinding, maintenance and mill production data
to evaluate equipment performance. This system utilizes
Radio Frequency Identification Devices (RFID) mounted on the
rolls and chocks to accurately identify them and their mates.
It then tracks rolls, chocks and bearings through their entire
life cycle by collecting data for each mill campaign. By correlating this data with quality, grind, profile, crack and bruise information, SMS roll experts can provide reliable roll
performance analyses, monitor remaining roll life and better
manage roll assets.

KNOWLEDGEABLE PARTNERS CLOSE TO THE PLANT
The roll shop service reduces operating costs, shortens shutdown periods, increases product quality and improves roll
management. The AK Steel roll shop is just one successful example of the worldwide service locations of SMS. The wellequipped and strategically located workshops in Germany,
Russia, China, Brazil, India, Indonesia, Turkey and the Ukraine
are connected through a service network enabling high-quality
repair and maintenance services for a great variety of rolling
mills for numerous well-known owners operating globally.
Using best-practice methods, the service’s network provides
support with advanced technologies throughout the entire
plant life-cycle and enables owners to react to fluctuating market requirements in a more flexible way.
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ECONOMIC AND ECOLOGICAL
TURBULENCE PICKLING LINES
BEING A SYSTEMS SUPPLIER, THE SMS GROUP DELIVERS PICKLING LINES FROM ONE HAND. THE LINES STAND
OUT FOR THEIR HIGH PICKLING PERFORMANCE AS WELL AS LOW MAINTENANCE AND OPERATING COSTS OVER
A LONG SERVICE LIFE. WITH THE ECO-PICKLING AND PRODUCTION MODEL AND VARIOUS OTHER INNOVATIONS
PERFORMANCE COULD BE INCREASED EVEN FURTHER. SINCE 2000, THE SMS GROUP HAS RECEIVED ORDERS
FOR 37 PICKLING LINES FOR MANY OF THE WORLD'S LEADING STEEL PRODUCERS.

LINE CONCEPTS
SMS tailors pickling lines to the specific requirements of the
customer. Depending on the required capacity, steel grades
and the strip dimensions, the lines are equipped with the suitable technology and components. One main customer advantage is that the SMS group supplies mechanical equipment,
process technology as well as electrics and automation from
one source thus providing a synchronized process.
Generally, pickling lines are available in four types: The best
choice for low capacities and a flexible production are the
push-pull pickling line or the semi-continuous pickling line. The
latter can be subsequently upgraded to full continuous mode.
The continuous pickling line is the perfect concept when it
comes to high capacities and top qualities. For the combination of pickling and rolling, the pickling line / tandem cold mill
(PL / TCM) is the ultimate solution especially when large capacities are required.
TURBULENCE PICKLING TECHNOLOGY
Racks of nozzles are constantly spraying heated hydrochloric
acid into the shallow pickling channel and generate an extremely high turbulence. That ensures maximum contact between the acid and the strip surface by continually forcing
fresh acid into the scale layer cracks. It only takes a short time
to create the required electrochemical potential which results
in fast and efficient pickling.
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The ECO-pickling and production model controls and perfectly
adjusts all the key pickling process parameters to the requirements of each hot strip coil. In line with the coil sequence, the
model optimizes and controls the transition process between
different coils to achieve optimum pickling results at low energy consumption. The model generates several operational
savings. Due to a reduction of overpickling, it is possible to increase the annual output by 310 tons. Furthermore, 2,500 m³/
year of acid and 2,900 t/year of steam can be saved. The additional financial benefits of these savings are up to 200,000
€/year*.
The patented immersion cover above the pickling channel
closes off the acid bath surface minimizing evaporation losses
by 30 % and heat losses by 70 %. Furthermore, the exhaust
system requires a smaller volume which reduces further
losses. Savings of 12,300 m³ acid and 18,400 tons of steam
per year are possible. That sums up to a reduction of operational expenses of up to 1,265,000 €/year*.
In the patented recuperator tank upstream of the first pickling
tank, the hot waste acid is sprayed directly onto the strip. This
removes loose scale particles, heats the strip and chemically
activates its surface to speed up the subsequent pickling
process. Thus not only the pickling results will be optimized
and thermal energy will be saved (1,090 t/year of steam), it
also cuts down acid consumption (960 m³/year) due to prepickling and -activation, which leads to further savings of
31,000 €/year*.

1 Since 2000, SMS group has received orders to supply 37 pickling lines for carbon steel.
2 With the X-Pro® laser welder even difficult weldings are possible with short cycle times.
3 The turbulence pickling system stands out for its high pickling performance as well as low maintenance and
operating costs over a long service life.
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REGENERATION PLANTS FOR HYDROCHLORIC ACID
An increasingly important factor for any pickling plant is compliance with environment protection regulations, plus high energy efficiency. Acid regeneration plants are an outstanding
example of green and efficient technology. Depending on the
individual customer requirements, spray roaster or fluidized bed
technology is used. These systems put the regenerated acid
back to the process and produce a valuable by-product. Thus,
all resources are circulating in a closed cycle inside the plant.
Concerning only the saved transportation costs for waste acid
(256,000 l diesel) and rinse water, which do not have to be neutralized (48,600 m²), savings of 260,000 €/year are possible.
X-PRO® LASER WELDER
An advantage of the welder is the continuous production (inclusive cold rolling) of difficult-to-weld steel grades. At the
Hysco PL / TCM, martensitic steel grades (MS-W1200) were
successfully welded together and rolled with high reduction.
Furthermore, steels with a silicon content of 1.2 % were
welded with good results, too; much higher Si-contents are
also possible. Other advantages are the short machine cycle
time of less than 60 seconds and a simplified operation with
reproducible results. The compact welding machine comes
with numerous innovative features, e.g.:
– Automatic adjustment of the welding parameters to new
material pairings.
– Patented inductive heat treatment of the weld seam (preand post-heating).
– Integrated and automatic weld seam analysis system inserted in a closed loop.

In addition, the welding source can be freely selected giving
the opportunity to use a conventional CO2 source or a solidstate laser source. With a solid-state laser it is possible to save
process gas (e.g. helium) and reduce the maintenance effort.
INTEGRATED SUCTION CONCEPT FOR SCALE DUST
An integrated central suction system with several suction devices minimizes scale dust problems in the entry area of pickling plants, while simultaneously reducing the suction power.
This makes pickling lines safer, more effective and greener. In
practice, the advantages are better working conditions for the
employees, reduced wear, no sudden downtimes due to contaminated components and minimized dust emissions. The
manual cleaning requirements are reduced to a minimum.
TENSION LEVELER / SCALE BREAKER
The tension leveler stands out due to a maximal scale breaking
effect which results in a minimized pickling time, especially
for coils with a thick scale layer. Furthermore, the strip geometry is improved for the downstream process. For the stretch
bending process a physical process model is used which is integrated in the Eco-pickling production model. The scale dust
protected design and the connection to the scale exhaust system results in reduced dust emissions and maintenance costs.
Since the SMS group also supplies the X-Pact® electrical and
automation system, the pickling model is fully integrated into
the electrical and automation system of the lines.

*All calculations are based on the following parameters:
Capacity: 1,500,000 t / year, steam: 20 € / t, natural gas 0.15 € / Nm³, HCl (200 g / l): 75 € / t, hot band: 300 € / t, diesel: 1 € / l
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HIGH-PERFORMANCE
ANNEALING AND GALVANIZING
LINES FROM ONE SOURCE
WHEN IT COMES TO QUALITY, EFFICIENCY AND CAPACITY IN ANNEALING AND GALVANIZING, ALL ROADS LEAD
TO THE SMS GROUP. IN RECENT YEARS, THE EQUIPMENT HAS BEEN CONSTANTLY IMPROVED AND NEW TECHNICAL SOLUTIONS WERE INTRODUCED ESPECIALLY REGARDING LINE CONCEPTS, FURNACE TECHNOLOGY,
AIR-KNIFE SYSTEMS AND POST-TREATMENT. DRAWING ON THE COMBINED STRENGTH OF THE COMPANIES IN
THE SMS GROUP (DREVER, DUMA-BANDZINK, SMS ELOTHERM, EMG, FOEN, IAS, MET/CON), THE LINES ARE
SUPPLIED FROM A SINGLE SOURCE.

LINE CONCEPTS
In addition to modern hot-dip galvanizing lines and continuous
annealing lines for high quality strip and high capacities, the
product portfolio includes many other line concepts. Since
flexibility is, more than ever, a main demand manufacturers
make on strip processing lines, the multi-purpose lines were
introduced into the market. These lines combine different
processes (annealing, galvanizing, gas cooling, water cooling)
for strip treatment in a single plant. Thus, manufacturers have
the possibility to produce on one line different products depending on the market demands, which offers a high-cost effectiveness.
Lines for commodity or standard grades complete the product
portfolio. Galvanizing lines with horizontal furnaces are mainly
used for construction material. In the heat-to-coat galvanizing
line, hot strip is pickled, galvanized and post-treated very efficiently in one process step.
FURNACE TECHNOLOGY
A very important and quality-decisive part is the furnace technology.
Ultra fast cooling
High-strength steel grades (e.g. TRIP and DP grades with tensile strengths up to 980 MPa) can be produced either by using
large amounts of expensive alloying elements or by application
of high cooling rates. When applying high cooling rates, conventional systems consume a lot of resources. With the ultra
fast cooling system, cooling rates of up to 150 K/s * mm can
be achieved due to the injection of pure hydrogen into the fast
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cooling chamber (up to 50 % hydrogen content) limiting the
diffusion of hydrogen into the adjacent chambers (patented).
Regarding combustion gas, electrical energy, hydrogen and nitrogen savings of up to 3.5 million €/year* are possible, not
even considering the savings due to reduced consumption of
alloying elements.
Water-spray cooling
For higher cooling rates, the water-spray cooling system involves immersing the strip in demineralized water while special nozzles spray the strip from both sides at high pressure.
Here, the cooling rate is more than 1,000 K/s * mm strip thickness, sufficient for manufacturing dual and complex-phase as
well as martensitic grades with tensile strengths of up to
1,700 MPa.
I-Furnace
Precise and efficient heating and cooling processes are guaranteed by a new mathematical / physical furnace model as
well as an annealing microstructure model. In combination
with the non-contact IMPOC® online measuring system for
material strength this is a great step forward to an autonomously working furnace.
Especially sophisticated grades can be produced more easily
and homogeneous material characteristics over the whole coil
length can be achieved. A capacity increase up to 15 % is possible due to a better utilization of the furnace capacity as well
as an efficient production planning and transition behavior.
Also, energy savings can be realized due to a better temperature control close to its lower limit (on average -10 K).

1 The production of C-surface qualities for automotive
exposed applications is a stand-out feature of the
SMS group’s galvanizing technology.
2 Water-spray cooling for producing steel grades with
tensile strengths of up to 1,700 MPa.
3 Since 2000, the SMS group has achieved orders to
supply 51 galvanizing and / or annealing lines, mostly
for automotive qualities.
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AIR-KNIFE SYSTEM
As an outstanding feature, hot-dip galvanizing lines for automotive
exposed applications are capable of producing best surfaces (Csurfaces). What mainly determines excellent surface quality is an
outstanding air-knife system. Also significant here is zinc pot
equipment tailored to the special requirements of the process as
well as an electromagnetic strip stabilizing system that guarantees smooth strip travel and superb coating precision.
A key quality characteristic is the accuracy of the coating thickness. Complying with narrow coating tolerances means also
zinc savings and cutting of production costs. For example 400
tons of zinc per year can be saved due to smooth strip running
thanks to a stabilization system. Furthermore, savings of 550
t of steel strip per year can be realized due to yield increase
(no losses due to cut-outs after thickness changes). This adds
up to a total saving of more than 1 million €/year.**

The DUMA-BANDZINK electrostatic oiling machine is
equipped with several tanks for different oils, allowing rapid
changeovers. The oil is applied contact free with an accuracy
of +/- 10 % in transverse and longitudinal direction.

POST TREATMENT
In a skin-pass mill, the strip is rolled in a controlled way to
achieve the required surface and mechanical properties. The
lines are equipped with a four-high skin-pass mill or a six-high
mill with CVC® plus technology.
For applications with perfect flatness demands a tension leveler is installed. A physical process model is integrated in the
Level-2 automation system for roll positioning, elongation and
extension adjustment.
In a vertical roll-coater, coatings are applied very reliably and
accurately (+/- 5 mg/m²). The coater typically features separate
circulation systems for different coating types and quick product changes.

OUTSTANDING REFERENCE SITUATION
Between 2000 and 2014, the SMS group received orders for
51 annealing and galvanizing lines for carbon steel from world
leading steel producers. Latest orders were a universal annealing and galvanizing line for Big River Steel (USA) and a combined pickling and galvanizing line for Wupperman group
(Hungary). Previous orders were placed for example by Kobelco Angang, Benxi, Handan, Baotou, Panzhihua or Shougang
Jingtang (all China) as well as Hyundai Hysco (South Korea) or
Pro-Tec Coating Company (USA).

ELECTRICS AND AUTOMATION SYSTEM
The various furnace and production models are fully integrated
into the X-Pact® electrical and automation system of the lines.
The Plug & Work test reduces the commissioning times significantly. Prior to commissioning on site, the automation is
built up in a test field where all production sequences are simulated. By doing this it is possible to test and optimize the automation software under realistic conditions and train the
customer’s staff. The increasing complexity of the plants is
met by innovative visualization methods focusing even more
intensely on the operator.

*Based on: capacity 1,000,000 t / year, coal equivalent natural gas: 65 € / t, electricity: 0.07 € / kWh, H2: 0.6 € / Nm³, N2: 0.045 € / Nm³ (source: Shougang Daily 2009)
**Based on: zinc saving: 2 g / m², strip width: 1.500 mm, strip thickness: 1.0 mm, strip speed: 160 m / min, production hours: 7,000 per year, zinc: 1,500 € / t, layer
thickness change: every 15 hours, cut-out: 100 m, galvanized steel: 800 € / t
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EFFICIENT PRODUCTION OF
TINPLATE PACKAGING MATERIAL
THE SMS GROUP COVERS ALL TINPLATE PRODUCTION PROCESSES WITH INNOVATIVE TECHNOLOGIES FOR AN EFFICIENT
PRODUCTION OF PACKAGING MATERIAL OUT OF COLD STRIP. ALL NECESSARY PROCESSING LINES CAN BE COMPLETELY
SUPPLIED FROM ONE SOURCE INCLUDING MECHANICAL AND PROCESS EQUIPMENT, FURNACE TECHNOLOGY, ELECTRICS
AND AUTOMATION AS WELL AS PRODUCTION KNOW-HOW. THE ELECTROLYTIC TINNING LINES ARE EQUIPPED WITH
SOLUBLE ANODE TECHNOLOGY WHICH LEADS TO CONSIDERABLE ECONOMIC, ECOLOGIC AND PROCESS ADVANTAGES.

MATERIAL FLOW
In general, there are two different process routes. In the first
route, the cold rolled strip is cleaned in an electrolytic cleaning
line, annealed in a batch annealing furnace as well as tempered and rolled in an offline mill. In the second route – which
is commonly used for higher capacities – all these processes
take place in one tinplate continuous annealing line with an inline DCR (Double Cold Reduction) and temper mill. Finally, the
material is tinned in an electrolytic tinning line.
TINPLATE CONTINUOUS ANNEALING LINES
In a tinplate continuous annealing line, the thin material (down
to 0.1 mm) is processed at very high speeds (up to 750 m/
min). The product spectrum covers all grades and also includes T2.5, T5 and DR10, which cannot be produced with
batch annealing furnaces.
The strip cleaning section consists of efficient process components, including spray and electrolytic cleaning cells, which
ensure a clean surface. The Drever full-radiant tube furnace is
the heart of the line and stands out for its low resource consumption. Due to a precise furnace control, the process follows exactly the given annealing curves. Another important
feature is the inline CVC® plus four-high DCR and temper mill
which allows a thickness reduction of up to 42 %.
Reference: Shagang Group, China
The SMS group supplied a tinplate continuous annealing line
from of one hand with all components including furnace as
well as electrics and automation to the Shagang group. The
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first coil was successfully produced in March 2014, and final
acceptance was granted already in September 2014. The line
is part of the new cold rolling mill in Zhangjiagang City for
which the SMS group also delivered an electrolytic tinning line
with soluble anodes.
ELECTROLYTIC TINNING LINE
The main process steps during strip coating are cleaning, leveling, pickling, tinning as well as re-melting and passivation.
Each of these steps must meet high requirements to ensure
the demanded surface quality of the final material. SMS group
offers various innovative technologies for tinning lines which
increase economic and ecologic efficiency of the lines.
The use of soluble anodes leads to major economic advantages compared to lines with insoluble anodes. Only because
of reduced tin losses due to tin sludge and the lower price for
tin ingots it is possible to save 2.7 million €/year*. More savings are generated due to the fact that no costs for recovering
the anodes or oxygen for tin dissolving are required. Another
advantage are stable tinning conditions in a parallel anode
arrangement where the width of the anode bank can be adjusted to the strip width in order to prevent edge overcoating
without the use of edge masks. An anode monitoring system
serves as a continuous supervision of the anode conditions.
To increase the lifetime of the expensive tinning electrolyte, a
preconditioning cell activates the strip and removes Fe-hydroxide right before the first tinning cell.

1 The soluble anode technology leads to significant economic, ecologic and process advantages.
2 The strip is coated with a tin layer in several vertical coating cells.
3 Evaporator system for recovery of dragged-out tin and electrolyte as well as reconditioning of
rinsing water.
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Based on the long-term experience of the SMS group, a
closed-loop layer thickness control system was developed,
which is essential for fast start-up, production efficiency and
product quality. Up to 5 percent of tin are saved due to less
overtinning. As a result, operational costs of up to 1.2 million
€/ year can be saved*.
The induction reflow unit, which is installed on a vertically
movable platform, is crucial for surface quality. Due to
100 % induction, heat transfer to the strip is contact free, energy efficient and homogeneous compared to the combined
induction-conduction system, costs for electricity of 0.3 million
€/ year and more can be saved*. Furthermore, any wood grain
is prevented. The heat treatment exposition time is decisive
for the tin-alloy layer thickness, and it is defined by the strip
speed and the distance to the water quench tank. By means
of a vertically movable inductor, the exposition time can be adjusted to the right value under all production conditions.
A certain drag-out of electrolyte into the rinsing sections after
tinning and post-treatment cannot be fully avoided. Even if the
amount is rather small, the costs for (tin enriched) electrolyte
and contaminated rinsing water put this drag-out to a large
scale. Therefore, the SMS group uses evaporator systems for
separation into concentrate (electrolyte) and distillate (rinsing
water). The vacuum evaporators are heated by means of vapor
compression. The resulting concentrate is reused in the active
bath whereas the distillate is returned to the rinsing bath.
Operating costs are significantly reduced by the closed-circuit
design. Thus, up to 50 - 70 tons of tin, 3,500 m³ of electrolyte

and 42,000 m³ of distilled-water (DI) are recovered each year.
This adds up to operational savings of more than 3.2 million
€/ year*.
The anode caster serves for casting of tin anodes without any
tin losses at a continuous casting temperature of 360 °C. The
fully automatic continuous process produces perfectly shaped
and high-purity tin anodes made of tin ingots and anode remnants.
REFERENCE SHOUGANG JINGTANG, CHINA
Two electrolytic tinning lines were erected and commissioned
in 2013 for Shougang Jingtang. One reason why Shougang
decided in favor of a line with soluble anodes was the low tin
consumption. The two lines have identical equipment and
each a total of nine vertical coating cells. The complete equipment was supplied by the SMS group including anode caster
and four electrolyte evaporators. In the same works, the SMS
group erected a tinplate continuous annealing line, inline DCR
and a separate offline DCR.
ELECTRICAL AND AUTOMATION SYSTEM
Since the SMS group also supplies the X-Pact® electrical and
automation system, the tinning process and the anode monitoring are fully integrated into the electrical and automation
system of the lines. A Plug & Work test reduces the commissioning times considerably.

*All calculations are based on the following parameters: capacity: 225,000 t / year, operating time: 7,000 h/year, tin consumption: 1,000 t/year,
tin ingots: 24,000 €/t, tin pellets: 24,969 €/t (needed for insoluble anodes), losses due tin sludge: 1 % (soluble anodes) and 8 % (insoluble anodes),
average induction heating power 1.75 kW, 0,1 €/kWh, MSA electrolyte: 500 €/m³, DI-water: 5 €/m³
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POWERFUL PROCESSES
FOR STAINLESS STEEL STRIPS
THE SMS GROUP OFFERS PERFECTED CONCEPTS FOR ALL TREATMENT STAGES OF STAINLESS STEEL STRIP,
CHARACTERIZED BY EFFICIENT FURNACE AND DESCALING TECHNOLOGY, SOPHISTICATED PRODUCTION
MODELS AND POWERFUL ENVIRONMENTAL TECHNOLOGY. ALL THIS LEADS TO LOW PRODUCTION COSTS,
HIGH ENERGY EFFICIENCY AND OUTSTANDING ENVIRONMENTAL COMPATIBILITY. ANOTHER ADVANTAGE:
THE SMS GROUP SUPPLIES THE COMPLETE LINES FROM ONE SINGLE SOURCE WITH INTEGRATED ELECTRIC
AND AUTOMATION SYSTEMS.

The SMS group supplies all significant line types for stainless
steel strip processing from annealing and pickling lines for hot
or cold strip to integrated rolling, annealing and pickling lines
as well as continuous tandem cold mills and bright annealing
lines.
FURNACE TECHNOLOGY
The Drever furnaces for annealing and pickling lines are designed to optimize energy utilization and environmental compatibility. The strip is pre-heated in a radiation zone which
operates with the exhaust gases from the downstream heating furnaces. To increase thermal efficiency, the combustion
air is preheated in a recuperator using exhaust air. The process
parameters are set and controlled by a mathematical model
over the entire annealing cycle, which is also combined with
the pickling model to match up and optimize both processes.
The support rolls in the furnace are designed as easy-to-maintain carrousel rolls and can be changed within 15 min without
disturbing operation. More than 25 Drever furnaces for stainless steel strip processing have been ordered since the year
2000 worldwide.
Water cooling for hot strip
In hot strip processing, a special water cooling technology ensures better strip quality due to faster cooling and a better control of the last heating zone. The efficient system results in a
shorter cooling section and massive electrical savings. Furthermore, the impact on the environment is minimized because
there are no dust emissions and no vibrations or noise.
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Mist cooling for cold strip
The mist cooling technology reduces the length of the energyconsuming air cooling section and eliminates the final cooling
performed by water, since this may generate cooling buckles.
In total, 17 annealing and pickling lines have been equipped
with mist cooling sections. Due to reduced blower motor
power and exhaust motor power, approx. 2,900 MWh/year
can be saved. Moreover, water consumption can be reduced
by about 975,000 m³/year. This adds up to annual operational
savings of approx. 1 million €.*
PICKLING TECHNOLOGY
The pickling process stands for high surface quality with minimized energy and acid consumption. The acid concentration
in the pickling tanks is continuously adapted to the type of material handled. A pickling and dosing model ensures a consistent pickling quality and minimizes acid consumption. To
reduce energy consumption to the lowest possible level, the
model is coupled to the furnace control model.
The electrolytic pickling section is characterized by the efficient utilization of energy due to a high electrolyte flow velocity
and the proven design with separated electrodes. High operating efficiency is thus guaranteed since only small losses
occur between cathode and anode, which results in 10 %
lower energy consumption. Spraying lances enable a high circulation of the pickling medium and a minimization of sludge
deposits.

1

1 Powerful and energy saving cooling technologies using water or mist ensure high
material quality.
2 The SMS group has built the largest hot strip annealing and pickling line worldwide
with a capacity of 1 million t/year for Taiyuan Iron & Steel, China.
3 The turbulence and electrolytic pickling section is controlled by a pickling and dosing
model to reduce energy and acid consumption.

2

3

The specially designed turbulence pickling tank is characterized
by a low volume of acid. Sludge deposits are minimized by the
use of spraying lances in the entry, exit and side sections and
by a patented tank bottom design. The patented immersion
cover forms the top surface of the pickling channel and thus
ensures efficient sealing of the pickling tank. This results in
lower evaporation losses, which in turn enables considerable
savings due to the reduced consumption of energy and acid.
To support the pickling process, the strip surface is subjected
to abrasive cleaning by means of oscillating washing brushes.
These brushes are a new development and specifically tailored
to ensure efficient cleaning and a longer brush service life of
up to 40 %. Operational savings of approximately 300,000 €
can be generated per year**.
The environmentally friendly and cost saving technologies for
water and air treatment ensure an effective use of all resources according to the toughest requirements. To prevent
nitrogen oxide from escaping via the exhaust air system of a
pickling facility, it is equipped with a DeNOx system with selective catalytic converters. A fully automated acid purification
unit and an electrolyte recovery system reduce the expenses
for fresh chemicals and operation costs.
ELECTRICAL AND AUTOMATION SYSTEM
Since the SMS group also supplies the X-Pact® electrical and automation system, the furnace and pickling models are fully integrated into the electrical and automation system of the lines. A

Plug & Work test reduces the commissioning times considerably. Before commissioning the complete plant automation, the
genuine automation hard- and software is tested under realistic
conditions in a test field where also the customer staff is trained.
The increasing complexity of the plants is met by innovative
visualization methods focusing on the operator and is supported
by improved ergonomics and a user-friendly design.
RECENT REFERENCES
The SMS group has repeatedly proven its ability to design, deliver
and commission powerful lines for stainless steel processing. In
2014, for example, the high-capacity hot strip annealing and pickling
line of Taiyuan Iron & Steel (China) was successfully commissioned.
With 1,000,000 million t/year, it is the largest line of this type worldwide. Another recent reference is the annealing and pickling line
for Outokumpu Stainless USA. This line is an integral part of the
new cold rolling mill for stainless steel in Alabama and serves for
the flexible production of hot and cold strip as well as very thick
materials (up to 10 mm) with a yearly capacity of 750,000 tons.
For Baoshan Special Steel Branch, SMS has built a complete
hot and cold rolling complex for the production of high-performance materials. To achieve a high flexibility for the huge variety of materials (titanium, hig-temperature-resistant Cr-Nialloys, Ni-based alloys), separate lines for pickling and annealing were integrated. Both lines are able to process hot and
cold strips, each with a capacity of 156,000 t/year.
Recently, the SMS group was awarded a contract by North
American Stainless, USA, to deliver a bright annealing line
which will be commissioned in 2017.

*Calculation based on the following parameters: 7,500 working hours, 0.07 € / kW, 0.55 kg CO2 / kWh electricity, 0.8 € / m³ water, 0.8 kWh / m³ water
** Calculation based on the following parameters: 50 operation weeks, lifetime increase of 40 % from 2 weeks to 2.8 weeks, 4 installed roll pairs in a HAPL,
costs for each roll of 5,000 €
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HIGH-PERFORMANCE SILICON
STEEL STRIP PROCESSING LINES
THE SMS GROUP SUPPLIES PROCESSING LINES FOR THE PRODUCTION OF SILICON STEEL FROM NON-GRAIN-ORIENTED GRADES TO HIGH-PERMEABLE GRAIN-ORIENTED GRADES. THE LINES ARE COMPLETELY SUPPLIED FROM ONE
HAND INCLUDING MECHANICAL, PROCESS AND FURNACE TECHNOLOGY AS WELL AS ELECTRICAL AND AUTOMATION
SYSTEMS AND PROCESS KNOW-HOW. FURTHERMORE, ALL LINES FEATURE SPECIAL EQUIPMENT TAILOR-MADE FOR
THE PARTICULAR REQUIREMENTS OF SILICON STEEL STRIP.

SILICON STEEL GRADES AND APPLICATIONS
There are two groups of silicon steel strip (also known as electrical steel strip): non- grain-oriented (NGO), and grain-oriented
(GO). In NGO electrical strip, the iron grains are distributed in
such a kind that the material has largely the same magnetic
properties in all directions within the sheet plane. That is why
NGO electrical strip is mainly used in rotating machines with
alternating field orientation. In GO strip, the grains are sharply
oriented in one direction. Due to the high permeability and
lower losses in this preferred direction, GO electrical strip is
typically used in static machines such as transformers.
PROCESS KNOW-HOW
The SMS group offers, in cooperation with MET/Con, process
support for all qualities and production routes. This covers both
metallurgical and design activities as well as support during
commissioning and operation. The involved experts look back
on long production experience and offer full parameter sets
from steelmaking to final processing. This ensures a safe production also of difficult and high-quality grades. Furthermore,
a minimization of operational costs can be generated, for example due to a minimized use of alloying elements.
SPECIAL EQUIPMENT
All equipment is tailored to the particular requirements of silicon steel strip. Furthermore, the equipment is designed and
constructed in such a way that all components mesh with
each other, and maximize the capacity, quality and overall performance of the lines.
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One example is the adaptation of the turbulence pickling system. A special tank shape and corresponding equipment in the
circuit system provide largely automated silicon-oxide sludge
removal. Smooth strip running is supported by heating the
coils as well as the strip edges. This special handling also reduces strip damage and tearing. Since the coating has a decisive influence on the material properties of the final product,
special roll coaters ensure high-precision coating. Top coating
quality is additionally ensured by exact temperature control of
the coating medium in the circulation system.
NON-GRAIN-ORIENTED PROCESSING LINES
The most important processing line for fully-finished NGO material is the annealing and coating line (ACL). One highlight is
the recrystallization furnace with advanced water cooling and
a hydrogen content of up to 100 %. Also important is the rollcoater technology with closed-loop thickness control. For contactless drying of the coating, a floatation furnace with a high
specific heat transfer is typically installed.
The new ACL of ArcelorMittal Saint-Chély, France, includes a
furnace by Drever and processed the first coil in 2013. The furnace production achieved the nominal rate only one month
after the dry-out period of the furnace. With the new line, the
company increased its production capacity of high-grade NGO
strips. Among others, the furnace processes the iCAReTM
grade newly developed by ArcelorMittal.

1 Side trimmer with edge warming device to avoid strip breaks.
2 For Shougang Qian’an, the SMS group delivered seven lines for NGO and GO silicon steel strip.
3 Special, high-precise roll coaters are integrated, since the coating has a decisive
influence on the material properties.
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3

GRAIN-ORIENTED PROCESSING LINES
The production of grain-oriented silicon steel involves several
strip processing lines, mainly the Annealing and Pickling Line
(APL), the Decarburizing and Coating Line (DCL) as well as the
Flattening and Coating Line (FCL).
In the APL, grain-oriented as well as non-grain-oriented hot
strip is annealed and descaled. Special components are the
side trimmer with edge warming, the furnace and the turbulence pickling system with special silicon desludge system.
During decarburization annealing in the DCL, the atmosphere is
humidified in the soaking section of the furnace to reduce the
carbon content and thus to avoid magnetic aging of the final product. As an option, the furnace can serve also for nitriding. After
annealing, the strip is coated with a water-based magnesia slurry
in a horizontal looper with closed-loop thickness control, temperature control and special conditioning of the coating solution.
In the FCL, the goal is to apply and dry the tension active solution and to improve strip flatness. A special feature of the
MgO cleaning section at the entry of the line is the filtration
of the MgO solution leading to a 90 % reduction in water consumption. A horizontal coater with thickness control and accurate conditioning of the coating solution applies the isolation
coating. The drying furnace is divided into a radiant-tube section for drying and a direct-fired section for sintering. The thermal flattening takes place in a horizontal furnace with tight
strip tension control to avoid negative impact on final properties and to assure a flatness improvement.

References
For Shougang Qian’an, the SMS group supplied seven lines
for NGO and GO silicon steel strip by 2013. The annual output
of GO strip including highly permeable material adds up to
180,000 tons. Besides the mechanical equipment, the scope
of supply comprised the complete engineering and the manufacture of the electrical and automation systems as well as
the supervision of erection and commissioning of all lines.
Another recent reference is the two FCL furnaces supplied by
Ares to Wisco, China. These two lines are used to enhance
the production of HGO grades with an annual output of around
180,000 tons. Both furnaces were successfully commissioned
in 2012. Without a stop for the first five months after start-up,
both furnaces have been operating and produced, among
other grades, HGO materials in the low-temperature mode.
The furnaces feature new technologies for thermal flattening
as well as for cooling, which improve surface quality and
process control.
ELECTRICAL AND AUTOMATION SYSTEM
Since the SMS group supplies the X-Pact® electrical and automation system as well, all process steps are smoothly integrated into the electrical and automation system of the lines.
A Plug & Work test reduces the commissioning times considerably. Best proof of this powerful combination has been the
seven processing lines for Shougang Qian’an, which went on
stream with a sharp start-up curve.
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COATING TECHNOLOGIES
KEEP THE PLANT EQUIPMENT
RUNNING
HIGHLY COMPETITIVE MARKETS CHALLENGE PLANT OWNERS TO INCREASE QUALITY AND PRODUCTIVITY AT ONE
AND THE SAME TIME. THANKS TO THE COATING TECHNOLOGIES FROM THE SMS GROUP, PLANT OWNERS APPROACH
THIS CHALLENGE IN A MORE SELF-ASSURED WAY. A RELIABLE PROTECTIVE LAYER PROLONGS THE SERVICE LIFE OF
PARTS THAT ARE CRITICAL FOR PRODUCTION AND INCREASES THE QUALITY OF THE FINAL PRODUCTS.

For more than 100 years, SMS has been designing, producing
and servicing plant equipment. A main focus is on the development of innovative, patented coating solutions for components that are crucial for plant availability and product quality.
The field-proven coatings protect work rolls, zinc baths,
process rolls and furnace rolls and significantly increase their
resistance. SMS applies this comprehensive technological
know-how at its international service locations and performs
coating operations using modern technologies worldwide.
One of the most effective approaches is the flame spraying
method.
CHROME PLATING OF WORK ROLLS
Chrome is one of the hardest metals, with excellent corrosion
resistance and a low frictional coefficient. This combination
turns it into a high-value, wear-resistant material which can
also be used for the surfaces of work rolls. The service life of
chrome-plated rolls increases by three to six times in comparison to uncoated rolls. This increased service life lowers the
operating costs and reduces shutdown periods. Chromeplated rolls also produce a more uniform product quality. An
automated coating process and thorough inspection before
and after chrome plating guarantee consistent and reproducible results.
Electro-discharge roll texturing
The increasing demands for cold sheets with a high surface
quality for automotive applications or white goods stimulate
the further development of roll texturing techniques. Since the
deformation behavior and the appearance of the varnish
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largely depend on the structure of the strip surface, the SMS
group is already using the Electronic-Discharge Texturing (EDT)
method prior to chrome plating. During this process, parts of
the roll surface are removed via electroerosion. Because of an
exchange of electric charges between the roll and an electrode, high energy densities are generated on the roll surface.
This leads to a local fusion and vaporization of the roll material.
Craters result, which together attain a higher number of peaks
on the surface and therefore a roughness higher by 2 to 3
points than is achieved by Shot-Blast Texturing (SBT). In combination with a 0.005 - 0.015-mm-thick chrome layer, the roll
is a successful solution for automotive sheets.
ZINC POT ROLL
Sink and anti-crimping rolls in zinc baths tend to absorb zinc
slag. For the produced sheet not to have any surface damage,
the plant owners must protect it from molten zinc by keeping
its surface as smooth as possible.
With a series of boride and carbide alloy coatings, SMS offers
well thought-out solutions. With a thermal spraying system,
the service workshops apply dense layers of exceptional thickness, hardness and high pressure resistance. In addition, zinc
dross adhesion is minimized because the roll coating is sealed
against molten zinc and zinc-iron alloys. These advantages and
the strongly increased corrosion resistance result in a long
service life. With these rolls, hot-dip galvanizing lines produce
sheets with long-lasting high surface quality. To increase the
reliability of the entire zinc bath and its service life, SMS Service division also offers a professional overall maintenance with
high-value spare parts and suggestions for improvement.

1 The layer applied by HVOF or plasma spraying is very dense and builds up an excellent bonding to maintain high hardness even at high temperature.
2 The use of chrome-plated rolls is significantly growing in steel and aluminum
mills throughout the world. Their service life increases by 2.5 to 10 times in comparison to uncoated rolls.

3 EDT produces a consistent, repeatable surface roughness with tight tolerances
and an extremely uniform surface with high peak counts and little variance on
hard work rolls.
4 Far-reaching technological know-how and professional processes perform the
field-proven coatings to protect work rolls, zinc baths, process rolls and furnace
rolls.
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FURNACE ROLLS
Furnace rolls in annealing and galvanizing lines are exposed to
a very high level of thermal and mechanical stress, resulting
in excessive wear. Simultaneously, they have a major influence on steadily increasing the requirements for final product’s
surface quality. With the right coating for the intended use,
steel producers can prolong the service life of crucial plant
parts compared to the original component.
Advanced High-Strength Steel (AHSS) grades have high proportions of manganese and silicon. The interaction between
furnace rolls and strip triggers a chemical reaction causing surface impurities. This results in Mn / Si and Fe deposits (pickup effect) on the surface of the rolls. These deposits (peel-off
effect) damage both the roll and strip surfaces, rendering the
final product unusable e.g. for the automotive application. Additionally, the unplanned opening of the furnace for repair
measures creates costs.
Following the intensive coating powder research done by the
Japanese partner, SMS also offers individual roll solutions for different surface coatings consisting of a metal alloy (MCrAIY), a
cermet compound material (WC, MCrAlY or Cr3C2-NiCr) or of ceramics (ZrO2). These are created according to the respective area
of application of a roll. The layer applied by HVOF (High Velocity
Oxygen Fuel) or plasma method is able to prevent wear, corrosion and deposits. It can be renewed up to six times. Being a
systems supplier, SMS is also equipped for the entire manufacturing of a roll, with selected machines and technologies which
precisely machine the raw material from selected suppliers.

HVOF (High Velocity Oxygen Fuel) Process
With this high-tech coating system, fuel and oxygen are constantly burning in a combustion chamber. The drastically inflated
gases turn into a high-pressure and high-temperature flame
stream with supersonic speed due to constrictions in the
burner. The powder particles are introduced into the spray gun,
melted or semi-melted by the stream and sprayed onto the
workpiece. The coating is very dense and builds up an excellent
bonding. Even at high temperatures it maintains great hardness.
Plasma spraying
A DC arc is connected to the positive and negative poles of
the nozzle. A high-voltage discharge causes ionization of gas
to form a plasma stream. It heats, melts and sprays powder
onto the workpiece at extremely high temperatures with a
very high stream speed. The new coating is able to operate in
various environments. It is very dense and also builds up an
excellent bonding. In addition, it is the ideal method for materials with a high melting point. The shape offers greater hardness and resistance to oxidation.
Only a wide range of experience, competence and technologies
in the field of coating enables continuous plant. As an Original
Equipment Manufacturer, SMS is able to consider the main requirements of each plant and offer the best individual solutions.
The coating processes offer direct added values: Increased production thanks to long service lives, high quality of final products and proven cost savings due to reduced wear are
guaranteed. With maximized production and reliable quality,
they pave the way for long-term competitiveness.
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MAKING CLOSE TOLERANCES
FOR LARGE BARS
IN ORDER TO INCREASE THE YIELD OF POST-PROCESSING, CLOSE TOLERANCES AT LARGE BARS ARE IN
DEMAND TODAY. SMS FACES THIS CHALLENGE WITH AN INNOVATIVE TECHNICAL SOLUTION FOR LARGE
BAR MILLS INCLUDING HCS® STANDS (HYDRAULIC COMPACT STAND) FOR THE FINISHING MILL COMBINED
WITH AN INNOVATIVE, HYDRAULIC AUTOMATIC SIZING SYSTEM (ASC®). A TRUE-SHAPE MEASUREMENT
SYSTEM MEERgauge® AND A CLOSED-LOOP CONTROL ARE AN INTEGRAL PART OF THIS SYSTEM. IT ALLOWS
INFLUENCING THE FINISHED DIMENSION DURING ROLLING BY ADJUSTMENT UNDER LOAD.

HCS® STANDS
The HCS® stand is the logical further development of the CS
(Compact Stand). The CS-stand design is characterized by the
improved stand stiffness as compared to the conventional
two-high housingless stands. Its modular design is suitable for
universal, horizontal, vertical and convertible stands which are
fully interchangeable. Additionally, a stand changing concept
including guides enables a quick size change. The extension
by a hydraulic roll adjustment offers the possibility of an automatic gauge control (AGC) in order to compensate the temperature wedge and the mill spring. Due to a roll force
measurement, an automatic overload protection is implemented. An automatic axial adjustment is able to compensate
axial misalignments. As a result, all these features, in combination with a profile gauge, the MEERgauge®, offer the possibility of an Automatic Size Control (ASC®) and provide for finely
tuned optimization of the bar tolerances.
AUTOMATIC SIZE CONTROL (ASC®)
This control system consists of three levels of control systems,
namely Hydraulic Position Control (HPC), Automatic Gap Control (AGC) and the closed-loop Monitor control (MON) between
the actually measured dimensional value by a laser-type profile
gauge and the hydraulic adjustment system of the last
two mill stands. The laser-type profile gauge (MEERgauge®) is
arranged directly behind the last finishing mill stand.
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TRUE SHAPE MEASUREMENT WITH MEERgauge®
The MEERgauge® system operates on the basis of the “laser
light cut” technology. Four sensors perform synchronous, contact-free measurements over the entire cross-section of the
bar. With no moving or oscillating parts, the system is almost
maintenance-free.
With a scanning rate of 500 scans per second, a true-shape
cross-section is created from up to 720 synchronous measuring points in a shared coordination system, and is then displayed with maximum precision. Unlike in conventional
systems, the true shape can also be represented.
TROUBLESHOOTING WITH INTELLIGENT FAULT ANALYSIS
Every production line experiences minimal anomalies that are
caused by the ingoing material or minute damage to the rolls
or guide rollers, among other things. All this has an influence
on the product quality and productivity. Bar steel producers
are therefore facing two challenges; firstly, the defects on the
hot surface need to be detected and located which are not
easily visible to the naked eye in time; secondly, the cause of
the defects needs to be identified and eliminated.
The surface measurement system integrated in the MEERgauge® system helps plant operators to do both; it determines
the precise position of the anomalies on the bar surface at the
time of rolling, evaluates the data using special algorithms and
provides the plant owner with information on the cause by
classifying the defects. In this way, it is possible to determine
quickly whether a roll is damaged or whether defective in-

1 HCS® stand in the SMS workshop.
2 Example of surface analysis with the
MEERgauge®.
3 MEERgauge® structure and results.
4 Layout of large bar mill of Xining Special
Steel (China).
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going material has been supplied. The advantages are twofold; bar steel producers can react quickly in the event of surface defects and increase material output. At the same time,
they can improve the productive time of the entire plant as
they are able to identify the cause of the anomalies far more
quickly.

years, they produced 15 to 30 percent above the design capacity and have contributed to the competitiveness of our customers. On the other hand, these modern mills are
distinguished by great flexibility in terms of product range and
lot size. This provides our customers with further edge to stay
ahead even in unfavorable market conditions.

LARGE BAR MILL XINING SPECIAL STEEL
In the large bar mill of Xining Special Steel Company Ltd.
(Qinghai Province), P.R. China, all these features have been realized. This mill is a typical example of a large bar mill, which
is able to provide also close tolerances at large dimensions.
The semi-continuous large bar mill has an annual production capacity of 800,000 tons. Xining produces high carbon steel, low
and high alloyed steels as well as tool steel, bearing steel and
stainless steel in a dimension range of Ø 80 – 280 mm. These
products are used in the automotive, aerospace, machine and
plant construction industry. The mill consists of a reversing
blooming stand and eight CS stands in vertical/horizontal configuration. After hot cutting by hot saws, the bars are transferred onto a turn-over cooling bed to achieve a good
straightness of the products.
CONCLUSION
The described rolling mills are just a few examples of many of
SMS section mills which have gone on stream in the recent
years. All these section mills are distinguished by advanced
technology and equipment design in order to minimize the
maintenance and operating cost and to maximize the production capacity. In the favorable market conditions of the recent
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THE ADVANCED 3-ROLL ROLLING
AND SIZING TECHNOLOGY FOR
SBQ BARS
OPERATORS OF SBQ ROLLING MILLS STRIVE FOR INCREASED YIELD, BETTER PRODUCT QUALITY AND
HIGHER FLEXIBILITY. TO MEET THESE REQUIREMENTS, SMS HAS DEVELOPED AN INNOVATIVE TECHNICAL
SYSTEM. THIS SYSTEM COMPRISES A 3-ROLL PSM®, INCLUDING THE TRUE-SHAPE MEASUREMENT SYSTEM
MEERgauge® AND A CLOSED-LOOP CONTROL, WHICH ALLOW THE FINISHING MATERIAL TO BE INFLUENCED
DURING THE ROLLING PROCESS. THIS NEW SYSTEM CAN BE INSTALLED IN NEW PLANTS AS WELL AS IN
EXISTING PLANTS UNDERGOING A REVAMP.

PRECISION SIZING MILL (PSM®)
The key success factors in SBQ production (Special Bar Quality) are flexibility and efficiency which by far are met by the 3roll PSM® (Precision Sizing Mill). One of its outstanding
principal features is its capability to adjust each roll under load
– fully automated and in real time. The adjustment-under-load
function is made possible thanks to the advanced design of
the 3-roll cassette in combination with three hydraulic cylinders. It provides the operator with the opportunity to optimize
the bar shape even under load during the rolling process. The
hydraulic cylinders can adjust all three rolls concentrically and,
wherever required, the system can also individually adjust all
three rolls independently.
Consequently, symmetrical and asymmetrical positioning adjustments of individual rolls under load provide opportunities
for finely tuned optimization of the net shape tolerances.
MONITORING CONTROL SYSTEM
This is made possible owing to the advanced closed-loop Technological Control System (TCS), which also provides plant operators with full process transparency, including pass and roll
position measurement and on-line correction, rolling force
measurement and active, fully automated overload protection.
Together with sophisticated control and automation systems,
this opens up unique possibilities for optimizing products and
processes. Furthermore, the system is able to automatically
compensate individual mill spring, feeder variations and bar
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entry impacts. It is also able to level out temperature variations
along the bar. Based on the TCS closed-loop control system,
the system adapts to different rolling conditions and thus instantly optimizes the process for maximum yield, availability
and product quality.
Thanks to the advanced automation level, reliable and reproducible results across the whole size range can be achieved –
in semi-automatic rolling mode or in fully automatic rolling
mode, independent of the skills and experience of the operators.
INTEGRATED PROCESS MANAGEMENT AND PLANNING
The mill setup required to attain the necessary quality of the
final product is planned by the MEERcon PSM® system. The
technological mill configuration system determines the individual set-points based on requirements and transmits the relevant setup information to the PSM® automation system via
a data network. It can be linked to an unlimited number of
workstations, for example, to the rolling mill managers, technologists and / or the roll shop and operating personnel.
Whether it’s for a wide range of special steel grades or individual requirements, the operator can choose either a standard
setting based on an empirical database or can create completely new settings. Moreover, any setting can be flexibly
adapted by means of an editor, including the diameter of the
initial pass, the design of the actual groove form and the calculation of the corresponding rolling speed.

1 MEERgauge® structure and results.
2 PSM® at SDI (USA).
3 Concept integration of PSM® and MEERgauge®.
4 3-roll cassette.
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TOOL MANAGEMENT: FAST, LEAN, COMPREHENSIVE
Another feature of MEERcon PSM® is the tool-management
function which is a great support to operators and mill managers in optimizing tool and roll ring costs. It allows tracking
of the roll ring sets, 3-roll cassettes and the 3-roller guides and
provides information on roll and roller wear.

The key characteristic values from the individual measurements are transferred to the technological control system of
the PSM® via a direct process field bus link in real time. Based
on the received data, the TCS logic can analyze the values and
assign relevant adjustment set-points for gap corrections if required, or the operator can do this himself manually.

Furthermore, the MEERcon PSM® system supplies all data for
the setup of the 3-roll cassettes, 3-roll guides and static guides
in the roll shop. All stands and guides are prepared off-line in
the roll shop whilst rolling. In order to meet the very tight tolerance requirements, the stands can be aligned in the roll shop
by an Optical Measuring Device (OMD). The rolls and rollers
can be axially and radially positioned with maximum measurement accuracy using a CCD camera. That’s why PSM® mill operators achieve best quality and can meet even the most
demanding customer requirements.

With the combination of a highly dynamic control system, and
the advanced true-shape diameter measurement gauge a fully
automatic rolling operation of the 3-roll block can be successfully realized independent of the operator.
RESULTS
With the 3-roll PSM® in combination with MEERgauge® and
the TCS, tolerances within the range of 1/8 DIN EN 10060 can
be reliably produced with minimum effort by the operational
personnel. With this great accuracy, the mill yield can be substantially increased and peeling losses minimized.

TRUE SHAPE MEASUREMENT WITH MEERgauge®
The MEERgauge® system at the exit side of the 3-roll PSM®
operates on the basis of the light section technology. Four sensors perform synchronous, contact-free measurements over
the entire cross-section of the bar. With no moving or oscillating parts, the system is almost maintenance-free. With a scanning rate of 500 scans per second, a true-shape cross-section
is created from up to 720 synchronous measuring points in a
shared coordination system, then displayed with maximum
precision.
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THE MEERdrive®
TECHNOLOGY
HIGHEST EFFICIENCY AND MAXIMUM FLEXIBILITY WITHIN THE PRODUCTION PROCESS – THESE ARE THE KEY
FACTORS FOR SUCCESS IN THE WIRE ROD MARKET. CONVENTIONAL WIRE ROD BLOCKS HAVE LIMITATIONS.
THESE BLOCKS ARE ONLY ABLE TO ROLL WITH FIXED REDUCTION RATIOS WHICH ALWAYS REQUIRE THE SAME
ROLL RING DIAMETERS WITHIN THE BLOCK. WITH MEERdrive®, SMS HAS INTRODUCED A DRIVE
CONCEPT THAT OVERCOMES THESE LIMITATIONS OF CONVENTIONAL SOLUTIONS. THE CLUE: THE CONCEPT
IS BASED ON INDIVIDUAL DRIVES FOR EACH STAND POSITION.

MEERdrive®
The MEERdrive® concept simplifies the roll ring management
dramatically, creates great flexibility in pass design and minimizes maintenance efforts. The precise control of the rolling
process ensures the properties of the end product. Roll ring
utilization is considerably optimized, energy consumption falls
considerably because the individual motors operate much
more efficient than a group drive.
MEERdrive®PLUS
The MEERdrive®PLUS is a variant of MEERdrive®, which represents a separate four-stand sizing block for final rolling and allows conventional rolling as well as thermomechanical rolling.
Further “one family rolling” is also possible, since all roll / size
changes will take place at this block. MEERdrive®PLUS blocks
finish typical diameter ranges from 5.0 mm up to 26 mm with
excellent tolerances at speeds of up to 120 m/s. Because of
the great speed range in this block for rolling speeds between
10 m/s and 120 m/s, SMS combines compact individual switch
gears with individual motors.
INCREASING FLEXIBILITY
The main advantage of the MEERdrive® concept is, that it allows total flexibility in the roll pass design: customers can individually select reductions that fit their needs. Roll pass design
can be optimized and tailor-made with regard to the finished
size and steel grade considering its varying spreading behavior.
Consequently, there is no need to stick to standard sizes only.
Individual cross-sectional reductions allow rolling any intermediate sizes that exactly meet the customer’s requirements.
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REDUCED ROLL INVENTORY AND SIMPLIFIED LOGISTICS
In a conventional wire rod block the reductions are fixed and
so are the roll ring diameters (roll ring family). If a roll ring is
worn out, either a second, or even a third identical roll ring diameter will be required for replacement, or the whole roll ring
family has to be changed which adds a substantial amount of
inventory. This is not the case with MEERdrive®. As every roll
ring pair is driven by an individual motor, variable roll ring diameters can be used on individual block positions and the required reduction ratio will be adjusted by relevant speed
setting of the individual motors. As a result, the roll ring inventory can be reduced drastically by approx. 60 %.
REDUCED MAINTENANCE
The huge medium-voltage motor of the wire rod block is replaced by multiple small low-voltage motors. This also has advantages for spare parts, since no similar huge motor with
long delivery time is required as spare. Furthermore, the individual drive concept replaces a huge amount of mechanical
gear equipment which is subject to wear and maintenance.
Thus, wear of the equipment is reduced significantly in comparison to any conventional solution.
MEERdrive® works without the heavy distribution gear box. In
addition, the two very long longitudinal drive shafts and the
numerous bearings and couplings for connecting the individual
block cassettes are omitted. Bevel gears are replaced by spur
gears. As a result, wear and maintenance of the block is minimized.

1 Diagram of MEERdrive® wire rod block.
2 MEERdrive® in own workshop.
3 Diagram of conventional wire rod block.
4 Comparison of conversion costs.
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ELECTRICS AND AUTOMATION
The MEERdrive® technology is designed for highest performance and maximum flexibility. The advanced electrics and automation concept ensures a reliable and stable
synchronization of the single drives and motors for speeds
higher than 120 m/s. The heart of the unique system is the
control logic which is incorporated in a standard highly dynamically performing modular processing unit. The MEERdrive® synchronizer is utilized already in various other
industrial fields and is the logical control interface between
motor and frequency converter. The synchronizer contains
an advanced speed drop compensation and fast control and
synchronization functions for all drives.

allow an automated minimum tension control, which is not
possible when rolling 5 MV motors, since tension detected
and consequently deleted.
REDUCED OPERATING COSTS
In summary, the operation costs of wire rod blocks are substantially reduced due to simplified roll ring management including redressing operation, lower electrical power
consumption and reduced maintenance. Compared to a conventional wire rod block, the MEERdrive® allows for operation
costs savings of approx. 31 %.

Set points or other important parameters of the MEERdrive®
synchronizer can be adjusted and monitored via any common
standard visualization system. A process optimization based
on Matlab-Simulink is included in the MEERdrive® synchronizer just like a prevention of harmonic oscillations with notch
filter and active damping.
Since 2006, the highly flexible MEERdrive® electric and automation concept is already realised successful for AC and
DC applications and can be combined with any common
state-of-the-art mill automation system. The MEERdrive® system is modular and can be applied to any block or combination of blocks independent of the number of stands. Thus,
most modern MEERdrive® blocks are perfect to be integrated
into existing rolling mills to upgrade them into high performance mills with maximum flexibility. The small motors also

4
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TAILOR-MADE SERVICE
SOLUTIONS FOR WIRE ROD
MILLS
THE SMS GROUP HAS AN EXTENSIVE PORTFOLIO OF MAINTENANCE SERVICES ON OFFER. CUSTOMERS CAN
CHOOSE THE PRODUCT THAT EXACTLY MATCHES THEIR NEEDS, ALLOWING THEM TO CONCENTRATE ON THEIR
CORE BUSINESS. THE SMS GROUP OFFERS ITS CUSTOMERS A GLOBAL SERVICE NETWORK WITH COMPETENT
LOCAL SUPPORT AT 60 LOCATIONS AROUND THE WORLD. IT MEANS OUR CUSTOMERS CAN COUNT ON QUICK
RESPONSE TIME, SUPPORT FROM EXPERTS AND HIGH PLANT AVAILABILITY. ARCELORMITTAL RUHRORT IN
DUISBURG, GERMANY, IS A CURRENT EXAMPLE OF THE CUTTING-EDGE SERVICES PROVIDED BY THE SMS
GROUP.
OPTIMAL GUIDING IN THE STRAND THANKS TO MEERguides®
AND MoVE
ArcelorMittal Ruhrort (AMR) operates one of the most modern
and energy-efficient wire rod mills in the world, designed and
constructed by SMS. The plant has an annual capacity of
690,000 tons with just a single strand and allows for temperature-controlled rolling. The company rolls high-quality steels
in varying grades and relatively small lot sizes. This requires
the guides to be changed frequently, particularly in the finishing block, or the entry and exit guides and guide rolls to be exchanged. The six- and four-high wire rolling blocks in use at
AMR are equipped with the latest generation guides (MEERguides®) and MoVE camera-based calibration system. Both
systems come from SMS group Service.
As the rolling speeds for finished dimensions between 4.5
mm and 26 mm can be in excess of 10 to 120 m/s, guides
need to be especially precise and reliable. It is equally important that the guides can be quickly and safely positioned during
production. The MEERguides® guides meet these demands.
They have a lockable wedge adjustment for increased stability,
and the small number of separate components in their construction ensures durability and reliability. This results in reduced installation costs, less maintenance work and minimum
need for spare parts and storage.
The precise calibration of the MEERguides® guides is performed by the computer-assisted MoVE video system. It uses
a high-resolution camera to record the roll gap and the setting
of the guide rollers to an accuracy of a hundredth of a millime-
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ter. The operating software analyzes the video image and uses
it to calculate the ideal setting. This makes it possible to precisely align the rollers to the groove horizontally and vertically,
position the guide holder exactly to the rolling line, and align
the rolling line itself. This allows high positioning accuracy and
thus ensures reliable operation and maximum component lifetime. The wireless system can also be used to monitor the
alignment of the guide holders and rolls in the plant.
“The components work exceptionally well. The new guides
and video-based adjustment system have ensured not only increased productivity, but reduced costs, too. On the one hand,
the system enables us to reliably achieve extremely tight tolerances and on the other, to significantly reduce the costs involved in re-tooling and maintenance”, says Claude Marx,
Rolling Mill Supervisor at AMR.
REMOTE MAINTENANCE CONTRACT AND WAREHOUSING
FOR FAST RESPONSE TIMES
The SMS group doesn't just supply its customers with new
systems, but also takes care of servicing, maintenance and, if
necessary, troubleshooting and repair of the plant over its service life, as plant disruptions cost time and money. In order to
minimize costly downtime and increase system availability,
AMR has signed a 24/7 Maintenance Support Contract with
the SMS group. It means, AMR receives the benefits
of the fastest possible service and the possibility to reduce
plant maintenance costs. Secure remote access allows SMS
service technicians to connect with the wire rod trains within
minutes irrespective of location for the purpose of online

1 Warehousing - A good cooperation between ArcelorMittal and SMS group
2 MEERdrive® - A revolutionary drive concept for modern wire rod mills.
3 MEERguides® – Ensures perfect material guidance in the strand.
4 Wire rod during cooling.
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diagnosis. This allows the system data to be analyzed and the
causes of any faults to be localized 365 days in the year.
Should an on-site visit still be necessary, the system arms the
technicians with information essential for resolving the problem in advance.
This allows the customer to minimize downtime and maximize
plant availability. The time and costs involved in the on-site visits by service technicians is minimized, too. Remote service
reduces costs because it measurably decreases downtime
and avoids travel costs incurred for service technicians. On an
average, the cost of purchasing remote service is recouped
within one year. For new plants, SMS will install the communication system on request during commissioning. Existing
plants can be retrofitted with the remote service, too.
During day-to-day operation, the remote service is used to
monitor the plant. It allows control systems to be monitored
during production, either on demand or at set time intervals.
In this way, possible vulnerabilities and defects can be detected in advance, before they lead to problems and failures.
Maintenance management is also helpful when it comes to
scheduling maintenance work.
AMR was the first customer to have this maintenance service
installed. The service staff is able to access the plant MEERdrive® synchronizer and CCT Online, and the furnace control
systems of the new wire train.

Since early 2013, SMS has been running a warehousing project in Duisburg in order to minimize the lead time for any spare
parts that may be needed. It is set up as a consignment warehouse and has over 600 storage slots. The warehouse is in
close proximity to the factory and managed by the SMS service specialists together with a global logistics partner. The advantage for the customer here is that he only pays for a part
when he takes its delivery. This has obvious benefits in terms
of cash flow. Parts are delivered within a day, and also an express delivery can be organized within 90 minutes on request.
Due to the fact that the service is available 24/7, this applies
to weekends, too, the time when most scheduled maintenance activities are performed. "The warehouse is helpful for
us, because it allows us to focus on our core business," says
Wolfgang Goerke, Project Manager at ArcelorMittal.
The experts at SMS ensure permanent availability of all the
parts agreed to and their automatic re-acquisition. This means
significantly less of working capital is tied up.
OUTLOOK
With more than two years of operation of the plant in Duisburg, the SMS service experts gained valuable experience to
assist the customer AMR at any time. These experiences will
influence further service solutions so that the SMS Service
continues to help produce reliably and efficiently.
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PMH 320 PEELING MACHINE
PEELING MACHINES “DESIGN SCHUMAG” OFFER AN EXTREMELY HIGH OPERATING RELIABILITY, LOW INVESTMENT,
FOUNDATION AND BUILDING COSTS AND PARTICULARLY LOW OPERATING COST. DEPENDING UPON PLANT TYPE,
BARS IN MOST COMMON STEEL GRADES CAN BE PROCESSED AT CONSISTENT HIGH SURFACE QUALITY AND WITH
EXCELLENT DIAMETER TOLERANCES. THE PMH SERIES SERVE THE FASTLY GROWING MARKET FOR BRIGHT
SURFACE-DEFECT-FREE STEEL BARS IN THE DIAMETER RANGE UP TO 600 MM.

The SMS group offers both, complete bright steel centers as
well as individually configured machines for small, medium
and large diameters. The comprehensive know-how at disposal is derived from more than 120 years of experience, inhouse innovations and developments from companies like
Schumag, Kieserling and SMS Eumuco and, not to mention
the commissioning of more than 2,000 plants. The engineers,
process engineers and supervisors provide expert advice on
erection, start-up, training, operating and after-sales services.
A global network of representatives and corporate offices ensures an excellent customer service.

Typical ingoing products are round bars which are rolled, cast
or forged in diameter ranges of 85 to 630 mm at bar lengths
between 3 and 16 m. Material types comprise a wide range
from construction steel, stainless steel, nickel-based alloys,
titanium and titanium alloys. Finish products are bright bars of
80 up to 600 mm with tolerances up to IT 9. Application examples of the bright bars are mandrel bars, bright extruded
tubes or shafts for aircraft industry (i.e. made from titanium
and titanium alloys).

PMH PEELING MACHINES
Over the last ten years, customers’ demands for bright surface-defect-free steel bars in the diameter range up to 600
mm have been growing drastically. Therefore, to fulfill the rising demand, SMS has developed a more efficient and timesaving production machine.

Raw diameter

90 - 340 mm

Finished diameter

80 - 320 mm

Max. cutting depth (on radius)

15 mm

Min. bar length without optional laser

3,000 mm

Max. bar length

16,000 mm

A PMH peeling machine has a processing time of only approx.
10 % of a classical turning machine used in the past. The reason of this substantial decrease of processing time is a much
higher chipping capacity by using four peeling tools instead of
one turning tool and better production guiding close to the tool
area. The difference between the two machine types is that
in the turning machine, the bar is rotating and one cutting tool
moves axially to the bar surface unlike in a peeling machine
where the bar is axially moving centrally through the four rotating cutting knives.

Motor power main drive

400 kW

Hollow shaft (cutterhead) rpm

2.6 - 300 rpm

Throughput speed

0.02 - 3.0 m/min
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Technical Data of Peeling Machine PMH 320

Achievable tolerances after peeling

IT 9

Machine weight

230 t

1 Typical machine layout PMH type.

1

Bar loading section

Cutterhead with
tool adjustment

Exit guide, polishing head optional
Main gearbox with maindrive
Bar receiving section

Entry roller
conveyor
Infeed unit
Entry guide

Exit carriage
Exit roller conveyor

MACHINE HIGHLIGHTS PMH 320
The cutting head is formed by four identical tool adjustment
assemblies which are placed at 90° from each other and
mounted on a heavy tool carrier. It is characterized by individual high-precision motorized adjustments covering the whole
working range of the peeler. No size-dependent parts need to
be changed.
The cutting tools are held in tandem or triple cartridges in various arrangements and are pre-designed and available from
well reputed tool suppliers. The tool adjustment is protected
against both, mechanical and electrical overload. Cutting tools
can be adjusted under load and cover the complete working
range of the peeling machine. Tool adjustment is actuated via
a differential gear with a rotational speed input from the hollow
shaft via a planetary gear box. An AC motor drives the tool adjustment and allows precise adjustment during operation. A
special feature of the PMH concept is that even bended bars
can be processed without steps. During the machine design,
especially the quick change features of all wear parts were
given top priority.

CUSTOMER BENEFITS
A fast installation on site is realized by factory-preassembled
and tested groups of components. The vibration dampened
design and the powerful hollow shaft drive enables customers
to produce a large quantity of peeled bars in best quality at
lowest production times. Even if the raw material is at the limit
of the actual forging norm with respect to straightness, the
machine will be capable of producing a bright bar through a diameter reduction of up to 30 mm in one pass. Quick changeover times and reproducible recipe-controlled tool adjustment
allow economic single bar operation.
SPECIAL CHARACTERISTICS OF BRIGHT STEEL CENTERS PM / PMH
Depending on the machine configuration and bar diameters,
bar-to-bar (diameter from 5 to 600 mm) or coil-to-bar and coilto-coil operations (diameter from 5 to 35 mm) are possible for
the manufacturing of cylindrical, tapered and / or double tapered bars. All common steel alloys, round cast, titanium and
other non-ferrous materials can be processed.
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ADVANTAGES OF INDUCTION
REHEATING IN INTEGRATED
MINIMILLS
IN A CMT™ (CONTINUOUS MILL TECHNOLOGY) MINIMILL, THE HOT BILLETS FROM THE CASTER ARE FED
THROUGH AN INDUCTION HEATING SYSTEM DIRECTLY INTO THE ROLLING MILL. THIS SETUP ALLOWS FOR
SIGNIFICANT ENERGY COST SAVINGS AND CAUSES LESS EMISSION.

The basic idea of a minimill is the integration of steel production and processing in a single plant. A key feature of CMT™
(Continuous Mill Technology) is the replacement of the combustion furnace with an induction plant positioned inline between continuous caster and rolling mill. The billet’s residual
heat from the casting process is used for the direct rolling
process, and the temperature is merely equalized over the
length and cross-section and adapted to the optimum rolling
temperature.
KEY BENEFITS OF CMT™ MINIMILLS WITH INTEGRATED
INDUCTION TECHNOLOGY
High cost efficiency
The major benefits of this innovative minimill configuration
with integrated induction technology include above all lower
investment costs and lower operating costs. The lower investment costs are primarily achieved by dispensing with a conventional combustion furnace and reducing the logistics
associated with billet production as well as the reduced requirements with regard to space and accordingly to warehouse stock.
The reduced operating costs can mainly be attributed to the
energy savings from lower primary energy costs and higher
output. Furthermore, the capital stock is reduced by eliminating the billet store. Additional savings can be made as a result
of a reduction in maintenance work which would be required
on a conventional reheating furnace, and by reducing manpower requirements for operating personnel.
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Using residual heat to save energy
Traditional minimill operation is usually broken down as follows: 30 % are cold billets fed into a conventional combustion
furnace from the billet store before the rolling process, 70 %
are conveyed directly out of the continuous caster and through
the furnace with residual heat. With this type of production
program (30 / 70) and an entry temperature of 1,000 °C at roll
stand 1, around 155 - 160 kWh/t of specific energy consumption can be taken as a general guideline value.
With CMT™ minimills the picture is different: here 100 % of
the cast billets are fed directly through the induction furnace
to the rolling line. In optimally designed CMT™ minimills, the
specific energy consumption for heating a billet from ∼900 °C
to 1,000 °C is between 20 and 25 kWh/t.
Higher output with negligible scale
With combustion heating, the cast billet is fed either cold or
with residual heat into the fossil fuel-fired furnace. The scale
formation, which depends on time as well as material-related
variables, increases excessively above a temperature of
around 900 °C. In other words: the longer a billet is held in the
reheating furnace above 900 °C in order for it to be “heated
through”, and the higher the furnace exit temperature is, the
more primary scale is formed. Today's combustion furnaces
with optimal temperature adjustment and combustion air regulation in the soaking zone are capable of achieving values of
around 0.6 % scale loss.
In CMT™ minimills the billets with a cross-section of e.g. 150
mm by 150 mm are brought directly to rolling temperature in

1 SMS Elotherm EloHeat™ induction
heating plant with six induction
coils.

1

Table 1:
Long-term economic benefit of a
CMT™ minimill with integrated
induction heating system compared
to conventional facilities with a gas
furnace.
*Source: Platts, SBB Steel Prices,
Dec. 2013 [1 € = 1.3$]

Energy input [Cost / Unit]

Δ Energy

Δ Output
(primary scale
only)

Overall
cost savings

Electricity

Natural gas

Sales price of
structural steel*

[€/kWh]

[€/Nm3]

[€/t]

[€/t]

[€/t]

[€/t]

Brazil

0.11

0.40

845

- 4.4

- 5.1

- 9.5

China

0.04

0.22

400

- 2.9

- 2.4

- 5.3

Germany

0.06

0.28

515

- 3.5

- 3.1

- 6.6

India

0.08

0.37

510

- 4.4

- 3.1

- 7.5

Russia

0.04

0.05

400

+ 0.2

- 2.3

- 2.1

Middle East

0.03

0.05

510

- 0.2

- 3.1

- 3.3

East Asia

0.07

0.30

430

- 4.8

- 2.6

- 7.4

USA

0.05

0.10

545

- 0.6

- 3.3

- 3.9

Country

induction heating systems at very high heating rates. The holding time in the critical temperature range above 900 °C is less
than 60 seconds, with the result that the level of scale formation is around 0.02 % only. This results in a higher metal yield
of approx. 0.6 % which, given the high production volumes,
very quickly adds up in terms of cost efficiency.
Long-term overall savings
The overall cost reductions are thus the result of various individual cost reductions such as energy costs, increased output
thanks to the higher metal yield as well as other factors. When
combining the various individual benefits in terms of energy
costs and material output, the picture gained is quite clear: In
all major industrialized countries with significant steel production and processing industries the superiority of the CMT™
minimill concept is easy to see. Even in countries with a high
availability of natural gas resources and correspondingly low
gas prices, a minimill equipped with induction technology pays
off through increased material output.
Eco-friendly production
Traditional minimills featuring conventional furnace technology
use either natural gas or heavy oil as fuel. When looking at the
general environmental impact, it is not just the combustion
process alone that needs to be considered but the upstream
manufacturing, transportation and storage processes, too. By
using induction technology instead of conventional combustion furnaces, direct emissions of CO2, NOX and SOX, when
heating the billets before the rolling process, are completely
eliminated in a CMT™ minimill.

REHEATING USING THE INDUCTION PROCESS
Induction heating is a non-contact type of heating and generates the heat directly in the workpiece. The billet to be heated
is encompassed by a coil, through which current flows,
thereby creating a magnetic flux in the workpiece. This magnetic flux, in turn, produces an eddy current in the billet surface, which generates heat due to the specific resistance of
the material. Depending on the capacity and frequency of the
current, it is possible to influence the temperature in the workpiece very precisely.
The high power density values that can be achieved can be used
to full advantage in minimills, thereby enabling compact heating
systems with high thermal efficiency levels to be integrated into
the processing lines. In a typical reference installation, a total
output capacity of 8,700 kW has been installed over a length of
approx. 8 m. This output capacity is sufficient, for example, for
a temperature increase of more than 200 °K at a production rate
of 100 t/h. This effectively compensates for temperature level
fluctuations in the upstream processes and ensures constant
conditions at the inlet section of the rolling mill.
The penetration depth of the induction heating at a frequency
of 300 Hz is approx. 30 mm, ensuring near-surface heating can
be achieved. The colder temperature at the core is equalized
by means of heat conduction around 5 m after the billet exits
the last induction coil, thus a homogeneous temperature can
be achieved over the billet cross-section for the purpose of
the rolling process.
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PQF® SEAMLESS TUBE PLANTS:
INNOVATIVE SOLUTIONS TO
EVER INCREASING DEMANDS
SEAMLESS STEEL TUBES ARE AN INTEGRAL PART OF MODERN LIFE. THE OIL AND GAS INDUSTRY,
THE CONSTRUCTION AND MECHANICAL ENGINEERING SECTORS AND CAR MANUFACTURERS DEMAND
EVER BETTER TUBES FROM HIGHER STEEL GRADES, WITH CLOSER TOLERANCES AND NEW DIMENSIONS.
COMPETITION IS ALSO INCREASING AMONG TUBE PRODUCERS: ONLY THOSE WHO CAN OPERATE EFFICIENTLY AND REACT FLEXIBLY TO NEW MARKET TRENDS CAN SUSTAIN IN LONG TERM.

The SMS group supplies all facilities for producing PQF® seamless tubes from a single source – including the automation systems and reheating furnaces. A key feature of PQF® plants is
the considerably improved tube quality through optimized
rolling properties for high-alloy steels as well as the efficient
and stable production of thin-walled precision tubes. The centerpiece of the technology is a rolling mill equipped with a single drive and hydraulic screwdowns. Precision setting and
readjustment of the rolling gap is thus possible within fractions
of a second. The bottom line is a significant reduction in material and energy consumption – and in turn, reduced production costs.
PRECISE ROLLING PROCESS
With the development of PQF® (Premium Quality Finishing)
technology, SMS succeeded in making a huge leap forward in
mandrel mill innovation: the process uses hydraulically adjustable stands with three rolls instead of just two. Tubes with
outside diameters of up to 20" can be rolled on PQF® mills.
Tube producers benefit from even higher production capacities, high product quality and efficiency at the same time.
What‘s more, the process enables to cut production costs, improve output and increase flexibility in terms of the rollable dimensions and material grades.
Furthermore, less material is required than with conventional
solutions and output is improved. As a result, tool costs remain low and energy savings are realized thanks to the low
reheating requirements during the rolling process. In this way,
PQF® mills fulfill the criteria for “ecoplants” – the SMS group
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label for sustainable and profitable solutions. For example:
SMS has set up a PQF® plant for manufacturing seamless
tubes in Jeceaba, Brazil, in the south-eastern state of Minas
Gerais, on behalf of Vallourec & Sumitomo Tubos do Brasil
(VSB). VSB set great store on an environmentally friendly
process chain. And the PQF® plant makes a valuable contribution to this objective. Tool wear is comparatively low, and the
reduced reheating enables 10 % lower energy consumption.
PQF® MILL DESIGNS
For tube mill operators, the modern PQF® technology means
more stable and easily manageable tube production. Today,
PQF® plants produce seamless tubes with diameters of between ½" and 20" and wall thicknesses from 2 to over 40 mm.
Depending on the product mix, annual outputs of more than
600,000 tons can be achieved. Depending on requirements,
SMS builds the mills according to the ACO (Axial ChangeOver), LCO (Lateral Change-Over) or new BCO (Bilateral
Change-Over).
In 2011, a patent application was filed for the third and most
current generation of the 3-roll PQF® mandrel mill, the BCO
type (Bilateral Change-Over). The experience gained from 19
PQF® mill installations over the past eight years led to a new
concept. The BCO design in fact merges the capabilities of
the previous ACO and LCO types and enhances the overall
performance of this elongation mill. The new design combines a sturdy and functional main mill frame with an easyto-use roll stand changing system – the stands are changed
on both sides of the mill. The result of this latest development

1 A PQF® mill consists of up to six stands, with three driven rolls each.
2 PQF® mill, BCO type, in the SMS workshop.
3 16" PQF® mill for VSB (Brazil).

2

1

3

is a symmetric structure of the transversal mill section with
all hydraulic capsules firmly mounted on the main frame. The
symmetric design of the mill frame and the fixed roll-adjusting
system (i. e. hydraulic capsules) provide a predictable and uniform deformation characteristic of the mill, which improves
the accuracy of roll settings. Thus, the desired tube quality
can be easily achieved and – even more importantly – it can
be maintained through very large rolling lots by tube producers. Moreover, the compact and easily accessible design enhances the user-friendliness of the plant. The drive concept
is simpler – there are no bevel gear stages. Such features improve the efficiency and flexibility of the tube production
process.

Currently, two BCO-type PQF® mills are under construction,
both of which are to be installed in the USA. The listed benefits contribute to quality, reliability, and availability of these new
installations and will enhance the competitiveness of seamless tube producers.

BENEFITS
The third generation of the PQF® 3-roll mandrel mill by SMS
combines the following benefits for seamless tube mill operators:
– Improved profitability
– Universal mill design for all tube size ranges
– High, uniform mill frame stiffness for homogeneous rolling
conditions
– Minimized changeover times for the roll stands
– Easier sticker removal
– No requirement for 180° horizontal flipping of the stands,
e. g. for redressing
– Easier engineering of foundations and improved water
draining conditions
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IMPROVED SERVICE LIFE
OF HOT FORMING TOOLS IN
SEAMLESS TUBE MILLS
THE SERVICE LIFE OF TOOLS FOR THE HOT FORMING OF STEEL IS OFTEN LIMITED DUE TO HIGH THERMAL
AND MECHANICAL STRESSES. WITH THE NEW PQSC® PLUGS, TUBE MAKERS SAVE TOOLING COSTS, IMPROVE
THE TUBE QUALITY AND INCREASE THE PRODUCTIVITY OF THE TUBE MILL.

LIMITED STABILITY UNDER EXTREME LOADS
Tools for the hot forming of steel are exposed to high thermal
and mechanical stresses which limit their service life. The results are high tool costs and an impairment of production due
to stoppages for tool changes or production faults.
A particularly critical application is the piercing of steel billets
by cross-rolling during the production of seamless steel tubes.
A steel billet (solid billet) heated to approx. 1200 °C is set in
rotation and advanced by two rolls, positioned at an angle to
the rolling direction, so that it is driven over an inside tool, the
piercer plug, and is formed into a hollow. Piercer plugs are generally made from hot working steel and coated with a protective layer of iron oxides.

UNDERSTANDING FAILURE MECHANISMS
Plastic deformation as a result of thermal softening
Plastic deformation of surface areas on piercer plugs occurs
as a result of softening due to the heating of the base material.
During the rolling process, the temperature in the loaded surface areas of the piercer plug core rises rapidly in a parabolic
curve, despite the insulating layer. Heat insulation with the protective coating and cooling are necessary during the rolling
breaks or continuously from the inside in order to limit the
heating of the piercer plug.
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Cracks and fractures due to brittleness and thermal shock
The temperature changes between rolling and cooling phase
cause stresses that can lead to cracks in the plug body. The
structure of the piercer plug material has a crucial influence
on the occurrence of cracks; this structure is greatly dependent on the plug production process which can be near-net-size
casting, machining from round forged or rolled bars or nearnet-size forging. The more homogeneous and fine-grained the
material's structure, the more resistant it is to crack formation
and propagation.
Wear due to abrasion, pick-up and peeling
If the protective surface coating is worn off by abrasion or
peeling, pick-ups will occur between the plug and the material
being formed resulting in flaws in the rolled material inner surface. Also, the temperature of the plug will increase leading
to softening and plastic deformation.
MEASURES TO IMPROVE TOOL LIFE
The most important measures for increasing tool life are minimization of the thermal load, optimization of the base material
and optimization of the plug form. The most effective of these
three measures is the minimization of the thermal load. This
is achieved by optimizing the heat insulation and the cooling.
The heat insulation is optimized by maximizing the thickness
of the protective coating. The best cooling effect is achieved
by continuous internal cooling; here the heat is permanently
dissipated from the plug with constant intensity.

1 Schematic representation of a cone-type piercer and use of a piercer plug.
2 Model of the temperature change in a piercer plug.
3 Photomicrograph of the insulating coating, produced using the patented [EP 2 542 361 B1] PQSC® process.
4 Results achieved in production, PQSC® plugs vs. standard plugs.

Piercer type

Mill type

Rolled stock

Material of conventional
piercing plugs

Multiplication of lifetime
with PQSC® piercing plugs

Barrel-type piercer

CPE

P91

Nickel-base

2.5-fold

Barrel-type piercer

CPE

13 % Cr

Nickel-base

2.5-fold

Cone-type piercer

Mandrel mill

P91

Steel

10-fold

Cone-type piercer

Mandrel mill

13 % Cr

Steel

7-fold

Barrel-type piercer

CPE

P91

Steel

30-fold

Cone-type piercer

Mandrel mill

100Cr6

Cobalt-base

6-fold

Cone-type piercer

®

PQF

C-steel

Steel

10-fold

Barrel-type piercer

MPM

C-steel

Steel

8-fold

Optimization of the base material
The base material should be sufficiently ductile, but still have
the necessary high-temperature strength. It should have a homogeneous microstructure, a high thermal conductivity and a
good oxidizability. Furthermore, the material should be easy to
process and inexpensive.
Longer tool lives with optimized plug form
The plug form is one of the crucial aspects for the temperatures occurring in the plug. Its influence on the external load
and the internal stresses and the ratio of surface area to volume play a major role here. An increase in tool life by a factor
of 10 can be achieved by optimized plug forms.
A NEW TOOL TECHNOLOGY BOOSTS TOOL LIVES
A new piercer plug technology is offered by SMS under the
name PQSC® (Premium Quality Surface Coating) which boosts
tool lives. The patented [EP 2 542 361 B1] PQSC® coating
technology allows hard, compact and very thick (currently up
to 6 mm thick) iron oxide ceramic coatings to be produced.
The PQSC® coating is used not only for piercer plugs, but also
for other hot forming tools.
Iron oxide coatings of more than approx. 0.8 mm thickness
could not be produced in the past. With the PQSC® process,
completely new dimensions were opened up for both the
thickness and the stability of the protective coating, and hence
for the service lives of the plugs.

Improvements in tool life – facts and figures
The PQSC® plugs achieved between 8 and 30 times the tool
life of conventional plugs made from hot working steel. Even
compared with expensive plugs made from nickel-based or
cobalt alloys, the PQSC® plugs achieved more than twice the
tool life. When rolling 13 % and 9 % chrome steels, the
PQSC® process provided an average increase in the tool life
by a factor of at least 10.
Thanks to the good insulating properties of the PQSC® coating,
the plugs can be used without external cooling. This shortening of the rolling cycles allows rolling mills to increase their
production capacity by up to 25 %. PQSC® customers were
able to double the pierced billet lengths to date through the
use of the new technology.
Furthermore, production stoppages for tool changing are minimized due to the good tool lives of the PQSC® piercer plugs.
The high reproducibility of the service lives of these tools provides production reliability with very good quality properties,
such as minimized internal flaw rate and minimized eccentricity of the products.
CONCLUSION
The new tool technology offers manifold benefits to the customers; reduced tool costs, increased productivity, improved
dimensional stability, avoidance of material flaws and increased yield, to mention a few.
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PERFECT® ARC DIGITAL
WELDING PROCESS
PERFECT® ARC FROM PWS IS AN INNOVATIVE LEAP FORWARD IN THE PRODUCTION OF SPIRALLY WELDED AND
LONGITUDINALLY SEAM-WELDED UO AND JCO® PIPES. THE INNOVATIVE, FULLY DIGITAL PROCESS OFFERS AN
ENERGY SAVINGS POTENTIAL OF 30 %, PERFECT WELD SEAM QUALITY AND THEREFORE IMPROVED PIPE QUALITY.
THE PROCESS IS WINNING OVER CUSTOMERS WITH ITS SIGNIFICANT MATERIAL SAVINGS, CONSIDERABLY HIGHER
OUTPUT AND GREATER FLEXIBILITY WHEN IT COMES TO FAST WELDING PROCESS CHANGE-OVERS.

PERFECT® arc is intended for both arc and submerged-arc
welding. As compared to conventional welding procedures,
PERFECT® arc is 50 % faster in tack-welding and 20 % faster
in submerged-arc welding resulting in the increase in welded
pipe production in a spiral or long-seam pipe plant by more
than 20 %. By controlling the power supply precisely and
using the digital current source, energy costs can be reduced
by more than 30 % compared to conventional welding techniques, thereby offering considerable energy savings.
GROWING MARKET REQUIREMENTS FOR PIPE PRODUCERS
Some of the applications for spirally and longitudinally welded
pipes include gas and oil pipelines, shipbuilding and wind turbines – particularly offshore installations. To meet the ever
growing demands of these sectors, especially in terms of
high pressures or improved resistance to corrosion, manufacturers are increasingly turning to pipes made from higherstrength steel grades. At the same time, this also means
increased quality requirements with regards to the weld
seams and greater cost pressure on pipe manufacturers. PERFECT® arc now provides a solution that, on the one hand,
guarantees high-quality weld seams, including seams on
higher-strength materials, whilst delivering consistently high
cost efficiency on the other hand.
OPERATION AND BENEFITS OF PERFECT® ARC
At the heart of PERFECT® arc is a purely digital current source,
offering both ultra-precise control of the power supply and a
superfast control intervention frequency within microseconds.
Processes are controlled and managed with pinpoint precision
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using Perfect Control. This control system integrates welding
control, wire feed rate control and the evaluation computer
within one unit, thereby providing a closed-loop control circuit.
Problems with synchronization, such as those previously experienced with multiwire submerged arc welding, are thus
avoided. PERFECT® arc offers numerous benefits in terms of
cost savings.
Operating efficiency
The PERFECT® arc welding machine has an operating efficiency level of above 90 %. To pipe producers this efficiency
means, PERFECT® arc can potentially save more than 30 %
of the energy costs, particularly when compared to conventional welding systems.
Welding capacity
The PERFECT® arc welding machine has a class-leading capacity of 1,500 A at 44 V, at 100 % duty cycle. For any arc or
submerged-arc welding operation, requiring welding capacity
between 1,000 A to 1,500 A, just one PERFECT® arc welder
will be sufficient (instead of two units with a rating of 1,000
A). Operational and investment cost savings will be realized
immediately from lower electrical connection load and lower
energy consumption during welding. In terms of capital and
overheads, half the number of welding machines simply
means lower investment costs in equipment and less maintenance costs.

1 Inside and outside submerged-arc welding on a tack-welded helical pipe.
2 Five-wire PERFECT® arc submerged-arc welding facility for LSAW pipes and
plates at the laboratory of the Federal Institute for Material Research & Testing in
Berlin, Germany.

1

3 Continuous tack-welding process at the spiral pipe forming machine.
4 Consistent and reliable tack-welding results on a spiral pipe machine measured at
different welding speeds.

2

3

Ultra-precise and superfast control
At the core of the PERFECT® arc is the extremely fast control
frequency of up to 20 kHz, which is up to 400 times faster
than the control frequency found in conventional automatic
welding machines. The micro-computer of the Perfect Control
integrates welding control, wire feed rate control as well as
the evaluation processor within one unit, thereby providing a
true closed-loop control circuit over the whole welding
process. Hence, it provides very precise monitoring of the
welding process and responds with the same precision. The
ultra-precise and superfast welding control system of the
PERFECT® arc provides exactly the required welding power,
while the welding performs smoothly, consistently and efficiently. This technology is more favorable as compared to the
conventional welders, where their slower and less dynamic
welding control technology typically delivers welding power
in imprecise measures, and is poorly synchronized to the actual welding process – consuming significantly more electricity for the same welding duty (but with inferior welding
performance).

4

the relationship of the electrode (welding wire) and the workpiece (unwelded pipe seam) is not constant. The Perfect Control and its true closed-loop circuit, coupled with the
extremely high control speed, are able to adjust the welding
parameters millisecond to millisecond. This results in less
spatter when tack-welding (in MAG welding mode), and submerged arc weld seams with excellent profile or appearance.
This technology of the PERFECT® arc delivers to the pipe producer higher output of welded pipes with minimal weld defects in the pipes at the same time. They translate to
increased production and lower costs in repairing defects or
loss of yield.

Faster welding, less defects
Due to the ultra-precise closed-loop control and superfast control speed, PERFECT® arc is able to weld faster in either arc
or submerged arc welding, and weld with fewer defects.
Welding power must be delivered in the required magnitude
at the right moment so as to avoid defective welding. Moreover, at higher welding speeds the defective result is multiplied when this synchronicity is not achieved. The welding
point is in motion when a pipe is being welded, and hence
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INDUCTION HEAT TREATMENT
FOR TUBE AND BAR MATERIAL
WITH THE ELOTHERM TEMPERLINE™
INDUCTION QUENCH AND TEMPER (Q&T) HAS BECOME FIRMLY ESTABLISHED PRACTICE, PARTICULARLY IN APPLICATIONS THAT REQUIRE PRECISE, FAST, FLEXIBLE AND REPEATABLE HEAT TREATMENT OF TUBULAR AND BAR MATERIAL.
A PROCESS IN SUCCESSFUL USE FOR HEAT TREATMENT OF BAR MATERIAL FOR MANY YEARS, INDUCTION QUENCH
AND TEMPER HAS RECENTLY BEEN EXTENDED TO COVER TUBULAR PRODUCTS, MOSTLY FOR OCTG (OIL COUNTRY
TUBULAR GOODS), INCLUDING TECHNOLOGIES FOR PIPES WITH UPSET ENDS.

BENEFITS OF INDUCTION QUENCH AND TEMPER
Very high flexibility
Current demands for a reduction of stocked material and the
large number of different materials lead to a flexible just-intime production strategy in heat-treatment shops, with small
batch sizes of just 30 to 50 (metric) tons.
In many cases this means that batches with different material
dimensions and grades need to be heat-treated at different
quench-and-temper temperatures several times a day. For a
change of the batch, the whole induction line can be run
empty within a few minutes and set up again for the next
batch with a minimum work effort. To do so, the owner has at
his disposal high-speed tool changing systems to ensure that
operation can be changed over to energy-efficient heating coils
with a suitable diameter within a few minutes.
Excellent homogeneity of material hardness and microstructure
A characteristic feature of an induction quenched and tempered workpiece is its very homogeneous microstructure and
hardness. Actually, these results are not exclusively due to the
induction principle alone, but mainly to combining the process
technology with a matched mechanical and electrical design
of the induction line. In the TemperLine™ induction quench and
temper system by SMS Elotherm, the material to be treated
sequentially passes through the whole process of austenitization, tempering and, if necessary, also soaking. In the process,
each incremental cross-section of the long product is subjected
to identical heating and quenching conditions, as the passage
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speed is constant throughout the whole process. This then results in the correspondingly high homogeneity referred to the
hardness and microstructure of the material.
High strength and notch impact strength –
also in nickel-chrome steel grades
In conventionally fired units, the tempering process takes
place within a temperature range of 400 to 600 °C for a long
period of time, to achieve a reduction of the hardness or, respectively, tensile strength via the microstructural transformation after soaking. However, an undesired side effect is the
so-called temper brittleness which significantly reduces the
notch impact strength. This effect arises through the precipitation and recrystallization of carbides at the grain boundaries
during the transformation of the microstructure, especially in
nickel-chrome steels that are susceptible to such an effect.
This is in contrast to the induction quench and temper process
in which the critical temperature range between 400 and 600
°C is passed so quickly that the described temper brittleness
with precipitation of carbides cannot arise. The material retains
its good strength characteristics and notch impact strength
without becoming brittle. It is for these reasons that, for example, the safety-critical fastener elements in offshore platforms for the production of oil and gas are heat-treated with
the described induction technology.
Heat treatment without surface decarburization
Due to the long residence time of the heated material at high
temperatures, especially in the austenitic area, an undesired

1 Design of a typical Elotherm TemperLine™ Q&T induction line for long products.
2 Typical homogeneous temperature between head and tail of long products
moving through an Elotherm TemperLine™.
3 Easy change-over of the induction coils to a different diameter.

1

2

surface decarburization of the heated material normally takes
place in conventional combustion furnaces. This negative effect weakens the workpiece in the area close to the surface
and leads to an inhomogeneous hardness over the whole
cross-section of the material. No such decarburization takes
place in induction quench and temper, as the material is kept
at a high temperature for a very short period of time only. The
microstructure produced by the induction heat treatment does
not contribute to a further decarburization of the surface, but,
on the contrary, even reduces the ferrite pockets.
The extremely short preheating and residence time at austenitization temperature also minimizes the formation of scale
during heating. In this way, not only the material yield is all in
all higher, but especially the service life of the roller tables is
significantly extended. In conventional heat treatment lines,
these conveyor units are heavily stressed by the strongly abrasive effect of the brittle-hard scale and they wear rapidly, with
the rollers having to be re-machined or replaced frequently.
INNOVATIVE SOLUTIONS FOR NEW PRODUCTS

3

an outside diameter from 5 to 10 ¾” with upset-end diameters
of up to 16”.
The special challenge in the induction process lies in the substantial difference in weight between the straight tube body and the
upset ends, which, according to the relevant specification API 5CT,
may amount up to 65 %. To be able to still have a uniform austenitization temperature and homogeneous hardness and microstructural conditions after tempering, additional heating of the upset
ends is needed. For this, induction preheating coils are arranged
upstream the actual austenitization system. An integrated position
control system precisely detects the position of the upset ends,
although the tubes are conveyed through the whole system completely. This ensures that the preheating units actually only heat
the upset, i.e. thicker tube areas, while the remaining tube body
remains almost at room temperature. By being preheated in this
way, the tube enters the actual austenitization area and is heated
uniformly to transformation temperature over the entire cross-section. The subsequent quenching operation and tempering, followed by air cooling on special cooling beds, warrant the excellent
mechanical and microstructural properties.

Upset end tubes and casing tubes for extreme environmental
conditions
The exploration of some oil or gas fields requires casing tubes
for lining the actual drill hole that must withstand extreme
loads. For example, many particularly deep drill holes, low ambient temperatures or salt water require the use of casing tubes
that must satisfy very stringent requirements in terms of
strength or leak proofness. These casing tubes typically have
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THE SMX 800/18 MN HYDRAULIC
RADIAL FORGING MACHINE AT
VÍTKOVICE HAMMERING
THE SMX HYDRAULIC RADIAL FORGING MACHINE HAS BEEN TAILOR-MADE TO MEET THE GROWING REQUIREMENTS
IN TERMS OF SIZE AND QUALITY OF THE FORGINGS. THE FORGING MACHINE OFFERS A HIGH LEVEL OF FLEXIBILITY
AND ENABLES A WIDE RANGE OF PRODUCTS TO BE MANUFACTURED, IN PARTICULAR MATERIALS THAT ARE DIFFICULT
TO FORGE SUCH AS NICKEL-BASED ALLOYS. EXCELLENT OPERATIONAL RESULTS AT VÍTKOVICE HAMMERING ARE
PROOF OF THE CAPABILITY OF THE SMX HYDRAULIC RADIAL FORGING MACHINE.

The demands of customers with respect to the size and quality of forgings have been growing for years. To meet these
demands, forging technology requires continuous new and
further development. The SMX hydraulic radial forging machine from SMS has been tailor-made for these requirements
and is being developed further since its introduction in 1992.
The machine is computer-controlled, offers a high level of flexibility and enables a wide range of products to be manufactured. As a result, quality forgings with close tolerances can
be forged in just one heat. The SMX hydraulic radial forging
machine is particularly suited for forming materials that are
difficult to forge, such as nickel-based alloys, as the hydraulic
drive concept allows the maximum forging force to be applied
over the entire stroke, penetrating right into the center of the
forging.
In addition to the manufacture of bars and semi-finished products for rolling mills with a variety of geometries, the SMX radial forging machine can also produce multi-stepped shafts,
axles, drive spindles and tubes. Thanks to the radial arrangement of the dies which enclose the forging almost entirely,
the material flows only in the axial direction and lateral spreading does not occur during forging. This material flow results in
a deformation degree that is three to four times higher than
the comparable conventional open-die forging using only two
dies. These properties persuaded Vítkovice Hammering
(Czech Republic) to choose the SMX 800 / 18 MN.
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KEY MACHINE DATA, MATERIALS AND BILLET WEIGHTS
The hydraulic radial forging machine at Vítkovice Hammering
features a maximum forging force of 18 MN and a maximum
opening of 800 mm. The maximum billet weight is 8,000 kg.
Structural steels, special steels and tool steels are standard
materials forged at Vítkovice Hammering. Successful individual forgings include higher-strength materials, such as nickelbased alloys or stainless steels within the maximum weight
and dimensional ranges. The other technical data of the SMX
at Vítkovice Hammering are:
–
–
–
–
–

Finished diameter (round): 100 - 500 mm
Maximum component length: 12,000 mm
Stroke rate (forging): 60 - 120 strokes/min
Stroke rate (smoothing): 220 strokes/min
Finished products: Round, octagonal-square, flat,
stepped shafts, round-corner-square, pipes

SELECTED FORGING RESULTS
Comparison of contractually agreed and actually attained
productivity levels
The technological acceptance test included a comparison of
the contractually agreed productivity and attainable productivity levels. This was completed using billets of all sizes and
masses as selected by the customer. The calculation of the
pass schedules required for forging was done using the lineside ComForge pass schedule computing program. All forgings were performed on the basis of the calculated pass
schedules.

1 SMX 800 / 18 MN at Vítkovice Hammering.
2 Forging of an 8-ton billet (before forging).
3 Consistently good surface quality after finishing.
4 Excellent rectangular cross-sections after forging.

1

2

3

4

The contractually agreed productivity for all component
shapes, weights and sizes was not only attained during the
technical acceptance test, but was largely exceeded. Continuous optimization of the individual plant parameters meant,
e.g., that the productivity for an ingoing billet with a weight of
5 tons and a finished diameter of 300 mm round was increased during the technical acceptance test from 99.3 % to
100.7 % (productivity as agreed in the contract = 100 %).
The highest increase in productivity was achieved for billets
with a charge weight of 8 tons. This billet weight represents
the highest worldwide to be forged on a radial forging machine
until 2013. While the level of productivity achieved with the
first 8-ton billet to be forged on a radial forging machine stood
at 99.2 %, the productivity achieved with the second billet was
already 12 % higher. This excellent result was attained through
a systematic analysis of the forging process and subsequent
optimization of the forging parameters.
Forging of nickel-based alloys
Vítkovice Hammering also forges nickel-based alloys. Highstrength materials of these dimensions require far greater
forming forces in addition to a rapid stroke sequence. The hydraulic drive concept enabled the contractually guaranteed
maximum force to be increased for a short period by 11 %,
from nominal 18 MN to 20 MN for attaining the required material deformation.

Homogeneous surface and geometrical flexibility
Forming right into the billet core is usually followed by a finishing pass. This finishing pass carried out at 220 strokes per
minute, produces an excellent, homogeneous bar surface
quality. The combination of parameters during forging and finishing with the hydraulic radial forging machine enables perfect, reproducible square steel bars to be produced. This
near-net-shape manufacturing method reduces the subsequent labor associated with further processing, thereby saving
costs.
Summary
The advantages of the hydraulic radial forging machine, particularly in terms of the high degree of flexibility offered owing
to the variable stroke, variable stroke position, variable feed
and high stroke frequency, convinced Vítkovice Hammering to
choose the SMX 800/18 MN from SMS. Even during the technological acceptance test it was possible, through targeted
analysis and optimization, to not only attain the contractually
guaranteed productivity but to exceed it. Vítkovice Hammering
also succeeded in forging the world's first billet with a charge
weight of 8 tons on a radial forging machine. The benefits that
the company had anticipated to gain with the machine were
realized and its expectations with regard to productivity even
surpassed. Such results were achieved by creating the ideal
combination of plant parameters.
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MULTI-DIRECTIONAL MULTIWAY
PRESS FOR ECONOMICAL
NEAR-NET-SHAPE FORGING
THE MULTIWAY PRESS IS A FLEXIBLE FORGING SYSTEM WITH MULTI-DIRECTIONAL CYLINDER ARRANGEMENT TO PRODUCE A LARGE VARIETY OF SOPHISTICATED NEAR-NET-SHAPED PRODUCTS. IN THIS MACHINE, ALL DEMANDS ON A
STATE-OF-THE-ART SYSTEM LIKE PRODUCT FLEXIBILITY, COMPLETELY FULLY AUTOMATIC PRODUCTION RUN, REPRODUCIBILITY OF PRODUCT QUALITY, SHORT PRODUCTION TIME, RAPID TOOL CHANGING AND MATERIAL SAVING ARE
COMBINED. ADVANCED TECHNICAL SOLUTIONS MAKE THE MULTIWAY PRESS A FAST, ACCURATE, SAFE AND ECONOMIC SOLUTION FOR THE NEAR-NET-SHAPE FORGING OF SHAFTS, FITTINGS AND VALVE BLOCKS WITH LESS WASTE.

Modern products for the oil and gas industry, for petrification,
power stations, aviation, aerospace and shipbuilding are made
from high sophisticated alloys like steel, nickel and titanium
alloys. These materials are expensive in production due to raw
material and energy costs and in machining, so the producers
of forgings in this area are forced to save expensive materials
and energy wherever possible. To reduce production costs,
SMS has developed the Multiway technology, a highly sophisticated forging technology for flashless near-net-shape
products.

MACHINE DESIGN
The system is divided into a vertical and a horizontal main
press. The main components of the vertical press are the
press frame with foundation plate, columns and upper
crosshead and the moving crosshead. The press frame is connected by four forged tie rods which are pre-stressed over the
whole length. The guiding system between press frame and
moving crosshead is an X-guiding eliminating the effect of
thermal elongation of the different parts of the press, which
results in a constant guiding clearance.

WORKING PRINCIPLE
The Multiway press is a forging press with multi-directional
cylinder arrangement. The system unites seven different
presses in a single machine. In vertical direction, an upsetting
(130 MN) and a piercing ram (15 MN) as well as a main ram
(260 MN) for holding the dies in closed position are installed.
For parts with large forging forces, these three blocks can be
connected together like a single block. In horizontal direction,
one upsetting ram is installed on the left and one on the right
side (each 150 MN) as well a piercing ram (25 MN). All rams
are equipped with the well-known, hydraulic direct drive
and controls of SMS. All movements are completely
programmable.

The horizontal press consists of two connected cylinder systems which are positioned on the left and on the right side of
the vertical press. Connection of the two horizontal cylinder
systems is realized by forged tie rods which are in the same
way pre-stressed over the whole length as in the horizontal
press. An X-guiding is responsible for an exact guiding clearance independent of temperature.
The most important factors, besides the machine design, are
tool design and tool changing to be accomplished in a very
short time. In the Multiway press, a standard tool changing
system for closed-die presses is used for fast and easy tool
changing. For the connection of tool and press, the SMSpatented boxer clamping cylinders are used.
This combination of fast tool changing devices in the press,
die loading and unloading and rapid tool fixing saves both time
and money and enables the customer to produce with great
flexibility.
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1 Workpiece examples (from left to right): Valves (#1) for offshore in AISI 4130 and AISI
410, turbine discs (#2, #3) in INC718, aircraft beam (#4) in TiAl6V4, valves for offshore
use in AISI 4130 (#5 to #8).
2 Working principle of the Multiway forge.
3 Complete forging unit with all auxiliary equipment.
4 Simulation of complex movement of the different tools for closed-die forging of an
offshore valve part.
Conventional closed-die forgings
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In the forging unit, heating of the material is realized by a rotary
gas furnace which is loaded and unloaded with only one specialized movable device. A rail-bound automatic running manipulator grips the material to transport it first to the descaling
station and then to the forging press. In the meantime, cleaning, cooling and lubrication are realized by the robot.

AUTOMATIC CLEANING / LUBRICATION
To increase the lifetime of the expensive tools, cleaning, cooling and lubrication of the tools are very important. To avoid the
deformation of the piercing mandrels in particular during the
forging process, the mandrels are cooled by means of a movable conventional robot.

FORGEABLE WORK PIECES
Owing to the flexible possibilities of the seven independent
rams and the rapid tool changing, the Multiway system is able
to produce conventional closed-die forgings and flashless
closed-die forgings. Examples of conventional closed-die parts
are valves for offshore applications in AISI 4130 and AISI 410,
turbine discs in INC718 and an aircraft beam in TiAl6V4. The
flexible use of the additional horizontal press with two upsetting and two piercing rams offers the possibility of producing
parts in near-net-shape quality, due to avoiding the flash created in conventional closed-die forging and to adding the holes
to the part by using the piercing rams. Examples are valves
for offshore use in AISI 4130.

SIMULATION
The first step towards the design of the Multiway forging
press was an FEM simulation (Finite elements method) of the
different workpieces. Based on the results thereof, all forces
were defined and the tooling and finally the complete system
were designed. The simulation by FEM also was applied to
show difficult forming steps used in the Multiway forging.

TOOLING
The tooling for all these products is built like a unit construction
system. The die frame is on a bolster plate (top and bottom),
which fixes the different dies. Electrical die heating can be applied. The top and bottom dies have an X-guiding for an exact
guiding clearance in all temperature ranges.
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