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SYNOPSIS

Recent advances in optical design and low cost, High performance, micro-computers has resulted in many advances in thermal scanning performance.

Thermoteknix systems Ltd have recently installed two thermal scanner systems in the plate mill at Bethlehem Steel, Indiana, USA. This system provides high resolution scanning combined with the ability to measure plate width and length. In addition, existing plate mill pyrometer signals are archived, along with the scanner data. This allows the QA engineers to track the thermal properties of the plate from the furnace exit and Roughing mill through to the exit of the accelerated cooling machine (ADCO).

The Thermoteknix Scanner uses a unique reflective optics design to reduce errors caused by refractive optics in competitive products. This provides 1120 points of thermal information per scan at a rate of 50 Scans per second giving a highly detailed image of the plate profile. An internal processor converts the non-linear scan data to a linear map that can be used for width calculation and centreline deviation measurement. Analysis tools within the WinStrip® software provide a detailed output of the plate quality in real-time. The Matrix Processor tool of WinStrip® allows the user to define a detailed matrix over the whole plate surface, statistics, characterising the plate profile can then be transmitted to the mill computer for archiving or control purposes.
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BACKGROUND

Thermal profiling systems have been available for many years and as a result there is a large number of installed systems in Steel companies throughout the world. The Principles of all scanners is basically similar. An Infra Red (IR) detector is used to measure the energy emitted by a hot body (The steel) using the same principles as employed by traditional spot pyrometers. With thermal profile systems however, a rotating mirror is used to make measurements in various points across the surface of the plate or strip.

[image: image1.emf]The raw data from the scanner is then fed to a remote computer to allow generation of a display for the operator and interfacing with mill process control systems. 

Fig.1 Traditional scanner design.

In recent years Plate mills have started adopting Accelerated Cooling systems to enhance the metallurgical properties of the Steel produced. The aim is to rapidly cool the plate from temperatures needed for rolling and hot levelling to much lower temperatures and hence promote the formation of a much harder final product. To ensure that the maximum area of the plate is correctly cooled, thermal profiling is required to measure the performance of the Accelerated Cooling unit (ADCO).

An ADCO cooler was supplied and installed by *Kvaerner Metals on the Bethlehem Steel Corporation (BSC) Plate mill in 1999. BSC planned to install two thermal profile systems as part of the overall ADCO project, one at the exit of the hot leveller (before the cooler) and a second unit at the exit of the ADCO. However, the system needed to address a number of problems typically associated with this type of installation.

*Kvaerner Metals since acquired by VAI

CHALLENGES FOR THERMAL SCANNING.

A number of issues needed to be addressed in the selection and implementation of a system that would meet the needs of all users within the Plate mill.

· Great picture…..So what?

All thermal profiling systems are capable of creating attention grabbing visualisations of the thermal contours of a plate. However, what the human eye can readily identify in a two dimensional thermal map requires vast amounts of image processing for a computer to achieve. Each plate can generate up to 2.5 Mbytes of thermal data, too much for most PLC’s to handle. As a result very few Thermal profile systems are currently used in process control systems.

Therefore, the challenge was to go beyond a “nice picture” and develop a system that would allow a practical solution to the image processing dilemma.

· Legacy Systems

As with many plants the mill instrumentation and control systems on the Plate mill had been developed over a number of years. As time progressed differing systems were upgraded or modified to meet specific control needs within the process control system. As a result spot pyrometer signals were available from positions throughout the mill.

However, although all the data was logged, differing computers were used to handle the data from different areas of the mill. This resulted in a very time intensive task to collate all the thermal information relating to a specific plate. This made identifying the route cause of problems difficult and posed difficulties for the team developing a thermal model for the mill. The data provided by the new scanners would be very interesting in isolation but without combining the profile information with thermal data from up-stream processes it would only ever provide half the story.

· Reliability

All thermal scanning systems rely on accurate Opto-mechanical systems to provide an accurate and repeatable signal from the plate surface. These systems however, are delicate optical instruments that are required to operate in very harsh environments. Long term reliability has always been a concern with an instrument heavily reliant on such a mechanical system. Failures in the motor or bearings can lead to loss of image quality or complete failure of the scanner.

· Multiple measurement modes

Much of he cost of installing any instrumentation system in a hot mill environment is associated with mounting structures, services and site cabling. With this in mind, steel manufacturers need to gain the maximum return on the cost of installing a system in the mill. 

Fortunately the Centurion linescanning system uses a unique “linearisation” algorithm inside the scanner to correct for geometric errors present in all rotating scanner designs. As a result the system is capable of calculating both width and lateral position of the strip during the rolling process.

· Accuracy

Scanner accuracy is a function of both the optical and mechanical design of the system components.  Many scanners use a similar principle of rotating mirror and a fixed detector. Most also use a conventional lens to focus the signal from the hot object onto the detector. Unfortunately the Temperature of these optics has an influence on the temperature measured by the detector. Hence most scanners suffer from drift and accuracy problems.

The optical design of the Centurion overcomes this limitation by disposing with conventional design and uses an accurately machined mirror to focus the signal onto the detector. As the signal does not have to be transmitted through any optical system there is greater signal strength, less noise and better accuracy from scanners using this technology.
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Fig. 2
Centurion Optical design

· System complexity

Another issue to be considered is the complexity of the system to be installed. Many first generation analogue systems require a separate processor to be located close to each scanner. These “processors” are often PCs, which are used for digitisation and onward transmission of the scanner data. However, a separate PC is required to act as a “server” where the individual data is archived for future analysis. As a result, a typical two scanner analogue system requires three PCs to be distributed about the plant. This leads to increased installation complexity and on-going reliability issues.

SYSTEM HARDWARE

The Centurion Scanner has been designed to survive the harsh environments encountered in Steel mills. The scanner consists of two main components, the first is a double skinned aluminium casting which houses the scanner mechanics, Microprocessor card and system power supply (110V AC).  The second part is a water cooled mounting plate which contains a mechanical shutter. This is fixed directly to the client-supplied structure and provides additional protection to the scanner from the heat radiated off the plate.

A motor driven fan (not shown) is used to produce a low pressure air purge for the chamber immediately behind the shutter. This also prevents the ingress of contaminants such as scale and dust into the scanner. No compressed air is required by the system.
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Fig. 3
Centurion water-cooled scanner housing.

SOLUTIONS:

The system installed at Bethlehem consists of two Centurion scanners and a single “Server” PC collecting the data from both scanners and other mill signals such as Pyrometers and strip speed signals. All of this data is handled by the WinStrip® software, which is supplied with the system. Two other PCs were configured to act as “Clients” where differing thermal data can be displayed simultaneously. 

· WinStrip® Software:

To address many of the challenges facing thermal scanning systems Thermoteknix have developed advanced WinStrip® software. This software has a number of unique features that ensure modern steel producers get the real benefits that this type of technology has promised for some time. 

The first problem addressed is that of finding a way to reduce the volumes of data to a managable level whilst losing none of the subtlety contained within it. Taking Fig. 4 as an example, there is a clear thermal difference between the head and tail of the strip at the entry to the finishing mill. This is easily spotted by the human eye but less easily identified by computer systems. 

[image: image2.emf]
Fig. 4
Matrix analysis (Finishing mill entry HSM)

For the Bethlehem system a matrix processor was developed that allows the user to define a Matrix which is overlayed on the plate after the pass under the scanner is complete. The system then processes the data to calculate the statistical values for each zone. 

The zones can either be specified relative to mill centreline or to plate edges and can also be defined as overlapping. This reduced data acts as a characterisation of the thermal profile for any given plate rolled and can be communicated to any PLC or mill computer by Ethernet or serial communications. This format of data easily lends itself to integration into mill models and QA systems. At Bethlehem the matrix statistics from the exit ADCO scanner are used to predict the metallurgical properties of the final plate. This  provides a very simple way for steel manufacturers to provide QA data to internal and external customers.

The second way that the WinStrip® software provides added-value to the end user is through it’s “Cradle to grave” thermal data recording and archiving. The system provides a number of analogue inputs which can be configured to record data from third-party sources, such as, spot pyrometers and strip speed inputs. The WinStrip® software also receives set-up information from the mill computer via a TCP IP Ethernet interface. The software can combine all of this data to track the plates as they progress from Reheat furnace through the rolling and levelling processes. 

[image: image3.emf]
Fig. 5

Pyrometer integration and “Cradle to grave” archiving.

Fig. 5 shows an example where a pronounced thermal slope is apparent between the head and the tail of the plate on both the scanner images in the left of the display. This is echoed in the spot pyrometer values reported in the right hand side of the display. 

This confirms that the trend apparent in the latter stages of the processing (levelling and ADCO) were present in the T0 (Furnace exit) pyrometer and therefore suggests a Reheat problem rather than cooling or mill related problem. Whilst all of this information was available prior to the installation of the archive facility it was not possible to correlate all the information into a single screen such as this. The system is therefore capable of providing a powerful aid to problem diagnosis in addition to simple QA records. 

One of the secondary benefits of scanner design is the ability of the system to calculate both the centreline position and the width of the plate. The scanner uses a very small spot size which allows the system to usefully provide 1120 data points across the scan of the plate. Conventional scanners all have an inherent non-linear sample rate due to the geometry of the [image: image6.wmf]Linearisation
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optical design, as shown in Fig. 6 .

Fig. 6 
Theoretical conditions for linear scanning
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The microprocessor within the scanner housing provides real-time linearisation of the scan data by modifying the sample rate of the internal Analogue to Digital Converter (ADC).  The result is that individual points can be mapped to specific locations on the roll table, as shown in Fig. 7.

Fig. 7 
Linear correction by internal micro processor.

This means that the WinStrip® software is able to display and output the real-time width and Centreline deviation of the plate as it passes under the scanner. Whilst the accuracy cannot be compared with that of dedicated width gauges the measurements made are of an accuracy where they provide valuable information regarding plate dimensions. 

The linear nature of the scan data also ensures that the system is able to accurately report thermal anomalies such as the presence and width of cold edges. Fig. 8 shows a combined display with 2D thermal data combined with the width and centreline information.

[image: image4.emf]
Fig. 8

Width and centreline displays

SUMMARY

The Centurion systems have been installed in the Bethlehem Plate mill since April 1998.  The Centurion scanners are still in operation and have not suffered failures of any kind. Most of the images contained in this paper are taken direct from the plate mill system where it has proven its capability at providing high resolution accurate images of the plate surface. A number of features of the system, such as its high resolution and data linearisation, have combined to prove it extremely well qualified for plate mill applications.

The project also allowed Thermoteknix to develop a number of new features into the system to increase the operational benefits to the end-user.  Features unique to the Thermoteknix solution are:

· Fully reflective optics 

· 1120 points per scan at 50HZ

· Internal digital microprocessor for data linearisation

· Matrix processor and data characterisation

· Single box scanner solution

· “Cradle to grave” data archiving

· Width and Centreline calculation

· Designed for installation directly into mill environment

· Requires no compressed air
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