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Plant Revamps

Co-operative projects in the steelplant
supply chain: a plate mill example

THE usual message of the plant builder is
that capital investment in new steelplant
technology soon generates a return for its
owner in terms of increased efficiency and
product quality. However, with the whole
industry enduring the same economic
conditions at the moment, few will be
persuaded to spend a lot of money even if it is
to recoup more on the long term. A more
appropriate emphasis today is to consider the
technology base we share, and what is being
achieved through co-operative work to
optimise it. This common base is only partly
manifest in manufacturing assets and control
systems. The rest resides in people and their
collective knowledge. Moreover, the
exploitation of the common technology base
does not require the secret knowledge of
highly-specialised organisations but rather
the shared knowledge and skills of cross-
business teams.

One of the most recent European
beneficiaries of a plate mill upgrade is
DanSteel A/S at Frederiksvaerk in Denmark.
Their co-operation with Siemens VAI’s process
control experts is described in this article.

DanSteel project overview
Following DanSteel’s invitation at the
beginning of 2006, Siemens VAI’s process
specialists initiated a mill study covering all
aspects of the rolling process including
mechanical, electrical/automation and process
areas. A report was presented and from the
study’s conclusions and in consultation with
Siemens VAI, the mill operator decided to
carry out mechanical reconditioning work on
the mill stand and to replace the existing
automatic gauge control (AGC) system with a
modern digital controller. The existing
analogue AGC operated with roll load
cylinders via a grease-filled hydraulic
intensifier. Although nearly all new AGC
installations incorporate oil-based hydraulics,
the plate mill application is one in which the
relatively limited response of a grease-based
system nonetheless provides adequate
performance. 

It was mutually agreed that a replacement of
the grease-based system was unnecessary and
wasteful, so the new AGC was designed to
continue the use of these cylinders, but with
modifications to allow direct position
measurement of the roll load cylinder
extension using digital position transducers.

The modification of the cylinders and the
installation of the replacement AGC were
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phased in such a way as to use as much
scheduled mill down time as possible. The
result of this preparatory work was that the
final switch over and commissioning of the
replacement AGC system was carried out over
a four shift period during early November
2007, with final acceptance four weeks later.

Study phase
The mill study had three main objectives. Two
were related to the condition of the
mechanical equipment and the third related to
the overall process. The first was an alignment
study evaluating the condition of the mill and
roll assemblies and checking the tolerances of
the equipment in line with the as designed
drawings, with a view to identifying any
necessary refurbishment. This was performed
by a joint Siemens DanSteel team during two
mill shutdowns, with work rolls and backup
rolls removed. In the second shutdown, the
housing liners were also removed to allow the
alignment and condition of the housings to be
checked. The alignment study identified
12 areas requiring rectification or remediation,
of which eight were deemed to be of high
priority. 

The second objective was a mechanical
study considering the existing condition of the
mechanical and fluids equipment in the mill
line. This sought to locate potential repairs
and modifications that would improve the
performance of the equipment, and included a
structural integrity analysis of key components
aimed at quantifying the duty envelope of the
mill, the components that constrained it and
the headroom for duty increase through
selective modifications. Again, the site
elements of the study were conducted by a
joint team and the engineering elements were
carried out in Sheffield, UK by the Siemens
VAI project engineers. The fluid systems were

found to be well specified and in very good
order and as a result only minor
recommendations were made in this area. For
the mill area, 10 recommendations were made,
ranging from material types used for wear
plates to the design of balance cylinders.

The Structural Integrity Analysis used three
main methods; Strain Life Prediction, Damage
Tolerance Analysis and Fatigue Life. Previous
experience of mill design and prior studies
have identified the components / areas of
components that are most critical, but the
analysis also considers components which have
been prone to failure or have required
rectification in the past or which may be
unusual in their design.

In this case the analysis focused on the
Drive Train and the Mill Stand. The main
components of the Drive Train were
considered; spindle shaft, motor end and roll
end couplings, taper sleeve mountings and
work rolls. For the mill stand, the housings,
screw and nut, work roll and backup roll
chocks and backup roll were analysed. The
figure below is an example of the results of the
Damage Tolerance Analysis that was carried
out on the mill end coupling jaw.

The Structural Integrity Analysis identified
eight areas where modifications to equipment
would lead to improvements in either capacity
or damage tolerance. 

The third and process-related objective was
a study covering both the mill area and the
shear line, with a view to identifying yield and
quality improvements, which included reviews
of operating practices, reviews of production
and rolling schedules, an evaluation of rolling
strategies and audits of product tolerances and
mill throughput. The Process Study involved a
period of on-site observation of production,
combined with office based analysis and
calculations. Operation of the line from reheat
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remaining items forming part of the future
roadmap for the plant. Most of the work has
now been completed, some of it with support
from Siemens VAI’s Metallurgical Services
team who specialises in mill maintenance and
small capital projects. This work mainly
concerned mill housing rectification activities
identified in the Alignment Study. In addition,
recommended actions concerning the
improvement of AGC system performance led
to DanSteel’s decision to modernise the
system. 

The reasons for this decision were a range
of problems with the original system. As can
be seen from Fig 2, the step responses of the
two AGC cylinders, one on the drive side and
one on the operator side of the mill, were very
different. 

The original AGC system did not allow the
AGC cylinders to be moved to level the mill
during the automatic calibration sequence,
therefore making levelling of the mill difficult. 

In addition, the DanSteel AGC lacked
several features of modern systems. The
calibration sequence did not calculate the
stack friction for each calibration. This feature,
where implemented, allows the
operator/engineer to monitor the friction levels
and thereby to assess window condition. The
working position of the AGC cylinders was
also fixed, leading to localised wear. It is

preferable to modify this datum at each
calibration, spreading the wear in the cylinder
bore along the full stroke of the cylinder.

The age of the system also meant that the
detailed knowledge to carry out these
modifications was not available, and in some
of the cases would involve major changes and
rewiring of the system, specifically for the
modifications to the calibration sequence. This
coupled with the difficulty in obtaining spare
parts as well as reliability issues prompted the
mill operator to acquire a modern
microprocessor based AGC system.

Original AGC system
Gap control at DanSteel was performed using
a hard-wired, analogue system. The interface
between the level 2 computer and the AGC
system was via a PLC, which communicated to
the Level 2 control via Ethernet, and to the
AGC with analogue references. Finally the
AGC system interfaced to the mill
PLC/operator controls via a system of
hardwired relays.

The roll gap was controlled through a set of
Sermes grease-based actuators. The Sermes
system comprises three components, servo-
valve based 240 bar hydraulic system, an
intensifier cylinder and a grease based roll load
cylinder. The servo hydraulic system is used to
control the position of the intensifier cylinder
which interconnects the servo hydraulic and
grease systems. Due to the difference in area
between the grease and hydraulic sides of the
intensifier cylinder, it amplifies the pressure
generated by the servo hydraulics into the
grease roll load cylinder by a factor of two.
This amplified pressure on the grease cylinder
allows a larger rolling force to be generated
than is possible using a 240 bar servo hydraulic
systems in the same diameter cylinders.

The interface between the AGC system and
the Sermes cylinders was of a similar age to
the original AGC system. The servo hydraulic
system utilised 3-stage servo valves with
separate conditioning electronics for the 3rd
stage position control loop. The grease system
pressures were measured using 600 bar
pressure transducers, again with off board

furnaces through to plate inspection was
reviewed and observations made regarding the
operating practices where appropriate. The
process study focused in detail on the quality
of the product leaving the mill and the
performance of the mill itself. Several potential
problem areas were identified, including plate
turn up, AGC cylinder response time, AGC
control performance, average and in-plate
thickness deviation and the approach taken to
production scheduling. Offline, the
throughput of the line was analysed for the
current product mix. This analysis identified
the reheat furnaces as the main production
bottleneck. The analysis was taken further to
estimate the optimum increase in furnace
capacity and the resultant increase in
production that could be achieved.

The Process Study resulted in 15
recommendations, with several of these
focused on improving the quality and
consistency of material off the mill.

Implementation Phase
The study as a whole resulted in over 50 re-
commendations, ranging from rectification
work of mechanical equipment through to
replacement of major items of equipment.
After review by the mill operator, those
recommendations deemed critical or most
beneficial were acted upon quickly, with the
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Fig 1 Graphs showing critical defect depth and life from a range of initial defect sizes to
fracture as a function of the applied torque

Fig 2 Difference in step response between
the two AGC cylinders on drive side and
operator side of the mill
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the CPU modules in the TDC rack. An online
test mode is provided which allows parameters
to be changed (eg gain factors) and new
blocks inserted/removed online without re-
compiling or rebooting. 

An integrated HMI was designed by
DanSteel and implemented by Siemens,
replacing the hardwired displays presenting all
the rolling information in an easily readable
format. As far as possible, the existing
operator control functions were retained,
reducing the time required for the operators to
familiarise themselves with the new system.

The interface to the existing mill master
system was also retained, with the relay logic
of the original AGC system being
implemented in software in the replacement
AGC to read a digital input or to drive a
digital output. Bespoke Profibus distributed
I/O nodes were engineered to carry out these
functions, allowing the I/O to be placed locally
in the mill master and PLC systems, limiting
the new cabling to within the PLC/mill master. 

Project management
The project timescale from initial order of the
replacement AGC system to final acceptance
was just seven months. The order for the
replacement items for the Sermes interface
occurred two months into the original
contract, so the design and manufacturing of
these items, including bespoke position
transducers, was carried out in only four
months.

The AGC system was installed and powered
up during normal production. Plant
installation and cabling was then carried out
over four short shutdowns, over a four week
period, each lasting one day with final
installation occurring during a 40 hour
shutdown during an extended maintenance
period.

Shutdown one was used to install mill
housing junction boxes for connecting the new
Sermes interface and the associated site
cabling. Shutdown two allowed DanSteel to
switch in a spare Sermes unit that had
updated servo valves and pressure transducers
as well as new Sony position transducers. The
intensifier position transducer was unchanged,
and as the interface to the new items was
unchanged, this unit was connected to the
existing AGC system with little modification
and was used for rolling until the final
shutdown when the replacement AGC was
switched online.

During the third shutdown control of the
servo valves and pressure transducers were
switched to the new AGC system to allow
initial movement checks to be carried out
using the new AGC system. Shutdown four
was dedicated to testing the interfaces to the
Level 2 system, via the screwdown PLC, and
also to the mill master system. To facilitate
easy switch over these signals had been wired
to a batch of switchable terminals allowing
easy change over between the old and new
AGC systems.

The final changeover from the original to
the replacement AGC system was carried out
over a five shift (40 hour) period, with the mill
entering production at the end of this time. 

Benefits 
The new AGC system brings benefits in terms
of ease of maintenance and reliability, with the
drift-proofing inherent in digital systems and
with fault-finding and tuning tools built in.

The levelling and wear dispersal features
described earlier are also incorporated. A
dedicated hysteresis test is part of the system
allowing the effect of stack friction to be
monitored easily. Different mill stretch
coefficients for each side of the mill can now
be catered for although, as mentioned earlier,
the difficulty in modifying the level 2 system
has inhibited the use of this facility.

The main benefit expected from the
installation of a modern AGC system,
however, is better gauge performance off the
mill, leading to product yield improvement. 

The mill study highlighted the gauge
performance of the mill prior to the
installation of the replacement AGC. None of
the measurements approached the industry-
typical 2 sigma tolerance for any of the
thickness ranges (Table 1).

The results from the performance trials for
the replacement AGC show a significant
improvement in gauge performance with all
measurements significantly within the 2 sigma
tolerance in all thickness ranges (Table 2).

While these figure show a significant
improvement in gauge performance, it is
expected that further improvements in both
in-bar and absolute gauge could be obtained,
especially for the thicker products, by
installation of a modern level 2 controller with
an adaptive roll force model.

Concluding remarks
Both Siemens VAI and DanSteel consider that
the plate mill upgrade project has been a
success and a good demonstration of the
possibilities and benefits of co-operative
working. There is no doubt, for example, that
a wholesale replacement of the AGC system
would have taken longer and cost more, and
though it would have yielded even better
gauge performance then this would have been
in excess of DanSteel’s needs. The co-
operative spirit of the project bodes well for
future projects together. �
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electronics. The cylinder position was
interpolated from the intensifier position,
which was measured with an ALLT position
transducer.

During the design stage for the AGC system
it was realised that the control response would
be limited not by the roll load cylinders but by
the control valves and transducers on the
Sermes cylinders. As a result it was decided
that the interface to the Sermes system should
be updated at the same time as the AGC
system. 

New AGC
There were ultimately modifications to the
Sermes system in four areas. 
• Replacement of the servo-hydraulic system

servo valves with modern three-stage servo
valves. This also had the advantage of
replacing the off board conditioning
electronics which were placed about 20
metres from the servo valves and required
constant adjustment of the 3rd stage control
loop. The modern three-stage valve utilises
on-board electronics which require no
adjustment.

• Replacement of the pressure transducers
with modern pressure transducers. The
original pressure transducers again used the
same remote off board electronics and
demanded a similar degree of continuous
maintenance. The replacement transducers
again use on board electronics, requiring no
adjustment.

• Replacement of the intensifier ALLT
position transducer with a more modern
version, with an SSI interface to provide a
digital position signal to the replacement
AGC system.

• New Sony Digital position transducers
mounted so as to give a direct and accurate
measurement of the roll load cylinder
position, to be used as the primary position
measurement system for the new AGC
system. These items were specifically
designed to fit the existing cylinders.

Since the changes required alterations to the
Sermes roll load cylinder unit, they were
carried out offline on a spare unit ready for
installation with the replacement AGC system.
The electrical interfaces to the servo-valves
and pressure transducers were kept the same
for the new items to allow an updated set of
cylinders to be installed into the mill and
controlled by the existing AGC system as part
of the installation.

The new control architecture was based on
Simatic TDC hardware and the Simatic PCS 7
engineering system. Simatic TDC is a VME
rack based platform which can accommodate
up to 21 processor or I/O modules.
Distributed peripherals are coupled to the
TDC via the Profibus DP interface. TCP/IP
interfaces are available allowing several
Simatic stations, third-party systems and host
computers to be networked together. The
application software developed for the project
was based on the Siemens Siroll plate mill
solution.

Simatic PCS7 is an integrated engineering
system providing a graphical based
programming platform. Its use means that the
development platform is eventually usable by
the mill technicians, with commissioning and
maintenance being carried out from the
graphical interface of the engineering system.
A TCP/IP connection provides access to all of
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Thickness Typical Actual
Range (mm) Tolerance Gauge

(2 Sigma) (2 Sigma)
5 to 8 0.11 0.062

8 to 15 0.13 0.100

15 to 25 0.15 0.150

25 to 40 0.18 0.172

Thickness Typical Percentage
Range (mm) Tolerance within

(2 Sigma) tolerance
5 to 8 0.11 0.00

8 to 15 0.13 5.18

15 to 25 0.15 3.50

25 to 40 0.18 23.30

Table 1 Gauge tolerances prior to
AGC upgrade

Table 2 Gauge tolerances following
AGC upgrade


