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Introduction

Chordal based saddle type roll micrometers (Roll Mies)ehmade possible uses and applications that heretofoeenetpossible.
These Skate Units are not simply roll profiling devidbsy are diagnostic and management tools.

Background

The producers of flat rolled products are experiencing greasstomer expectations in the areas of gauge tolerstmagge control and
profile. Mill and roll manufacturers have responded with intiseaechnologies to help meet end user demands.

These technological developments have resulted in thessige for mills and roll shops to review and rewtfieir processes and
procedures.

In addition to the need for roll shops to grind rolls enaccurately, the mills, in order to calibrate theowes mill control models, are

requiring roll shops to provide feedback on issues suchoas mell profile, thermal profile and diameter redonti This has been a
significant challenge, as the information is mostiglle if it can be obtained and supplied immediately afféchange, and ideally

while rolls are still in the mill. These requiremehts/e demanded a re-thinking of roll measurement technoltgy paper addresses
this challenge and presents a cost-effective, usemdfyiaolution.

The Solution

The answer is chordal technology which provides aeskait (Roll Mic) that needs only 26f arc exposure on a roll barrel rather
than the 18brequired with a caliper roll mic. Additionally, a chordate unit is so compact, light weight and rigid it doeshave
to ride on the top of a roll. Skates can be done osittesor even the bottom of a roll. Chordal units haeeathility to read and record
true roll diameter in addition to physical and thernadilprofile and taper in a single skate. This technolpgvides a Skate Unit that
addresses and eliminates drawbacks inherent in catigiandlogy by providing a completely rigid unit that, exceptHerwheels and
gauge head probes, has no moving parts. They are ruggesigrenstruments that can take abuse and still provitsistent,
reliable performance in real life mill and roll shopvieonments. A Work Roll unit with a range of 14” to 38" whs 11.0 pounds and



has a “saddle” measuring 6.75" X 8.25" with the chord arnerelihg out 8”. The Back-up Roll unit with a range of 36” to 64"
weighs 14.5 pounds and has a “saddle” measuring 6.75" X 14tb'tlvé chord arm extending out 12"

Figure 1: 14" to 38" Chordal Skate Unit Side View

Figure 2. 14" to 38" Chordal Skate Unit Front Oblique View



Mill Monitoring and Diagnostic Applications

As new mill and roll innovations are phased in it is 8eaey to learn and understand what roll campaign lifebeaand what the rolls
have been subjected to in a mill stand. During a dowrdueny critical roll on the line can be skated in plaxassess the need for
change. This is possible with chordal technology due tsizes Chordal skate units can do what other rolsmai® not able to do.
With this chordal technology and a regularly scheduled mdng program mill performance can be analyzed and |gmub
diagnosed. As a database is established abnormalitabsnconsistencies will become apparent. The warhagbeen given that
something is not right and corrective action needmttaken before it develops into a major problem.

Some typical mill diagnostic applications made possiblé presently in use with chordal e-mic technology are:

Suspected “Thermal Bubbles” - Both the top and bottons @h be skated within minutes from the time that theksis
pulled. A full stack analysis takes about three minutes. Tdyghgy display of the physical and thermal profiles togettith
the skate distance scale at the bottom of the gnaplshow whether the spray heads are functioningerly. Also, it is
possible to make an estimate of their relative perfooea

Skate End Coiler rolls in place. This procedure was beimfprmoeed with Pi Tape readings right, center and lefts wa
required by the quality control department on a weekly kmsiswas very time consuming. A chordal skate unit does
work in less time with far less effort and significamtbrovides complete roll profiles.

Back-up rolls can be skated while still in their chockhuhe tie bars in place to determine at the estrjj@ssible point in a
down turn process if a roll actually needs to be changethe mills have experimented with skating the backup rdilew
they are still in the stand.

Caster rolls skated in place to determine if in factréiqudar roll needs to be changed.

Additional applications for the Chordal Roll Skate are Wil rolls that can influence the strip shape, such ageCPinch Rolls,
Wrapper Rolls, Heavily wrapped idler rolls, etc. Soniksrhave developed skate schedules to determine weafidtese and other
rolls in order to improve the predictive maintenanictheir mills.

Work rolls reflect what they were exposed to and tiegedirect correlation between the elapsed time afs#ack is pulled and the
quality, the usefulness, of the skate data. The dataisl&dge and knowledge is power - The power to make informasdioles and
answer these questions: What is the real campaigof léfgarticular roll? When does it need to be re-grolbu this stack need to
be stripped? If any of the work in question is being daneetified it is probable that roll life and labor dreing wasted. Time is
money and the savings are a source of significant edattion. Pennies per ton cannot be ignored.

Roll Monitoring and Diagnostic Applications

The practice of running “dirty” skates is very cost effifee. This is especially true when phasing in “New gem@rarolls or to
compare rolls purchased from different manufacturers. Exangflthe opportunity for savings lie in the followingase

The analysis of roll performance. This includes comparatlg in terms of grade, manufacturer, products beimnggssed,
mill stands, and position of rolls in mill stands. Eank @very one of these comparisons can provide indigatsan yield
opportunities for savings.

Campaign life — If the rolls are checked before thkstalck is stripped and they are still within toleraiteeakes no sense to
strip, grind and rebuild them.



The grinder operator needs to know the condition ofal¢hat he is going to grind.
The thermal profile is in a range that will not affdot finish profile.

Grind as needed, not by SOP procedures that reduce roll lifkimg off “X” mils before generating the desired jieof

Figure 3: Dirty Skate Graphic Display Showing:
Tolerance Bands at +/- 0.001”
Thermal Profile at 83 F to 87 F
Physical Profile with 0.010” Wear Pattern

The fact that “clean” skates are run is assumed. Sdnmet all, roll grinding machines have profiling calipdbut the need for
verifying the results should be considered. Chordal sk@ite can do this plus the following:

Provide a true diameter reading independent of operator “Tanatfieel”.

Provide a thermal profile to indicate if “Hogging” dfigh spots will affect the finish profile of rolls aftéemperature
normalization.

Management Applications

The Epac Series 3000 supporting software is designed for siymplioperation in offering a variety of display optioMsito Scale
or Fixed Scale, English or Metric, 0.001” or 0.0001" Resotyti@raphic display as a function of radius or diamatet Display
Leveling. The Database has sort capability by six wffecriteria in either ascending or descending orden #tand alone system it
is a powerful management tool to track roll life, roll fpemance, grinder performance, operator performance andecording
diameter, roll order lead time. A number of these optivere written to support ideas and applications thas asel potential users
saw in the capabilities and possibilities inherenhia hew technology. The software processes, displaystanes Series 3000 data.
When the database is downloaded to a base statiorfahmation is then instantly available to all interesparties and departments.



With the export data feature it is possible to transkates to a base station PC and overlay skates siomphase in the refinish
process, e.g. Mill Condition, Finish Grind, Etching. Thisyiies a complete graphic display of changes through eachcsigge,
effect and result.

Integration with Roll Shop Management Systems

Currently, Harford Industries is working to integrate Beries 3000 data into a seamless Roll Shop ManagemeetmS{RQM) as
follows:
Integrated Roll Quality Management System

The real power of this system will be seen when iintiegrated into a company's existing Roll Managemestefy, creating a Roll
Quality Management system. The Series 3000 software supptetiacing to a company's Roll Management System. r8kve
benefits emerge from integrating the standalone $£8€160 software into a company's RQM system.

Validation of Roll Identity

Integrating the data into an RQM System enables dioedta of the roll identity. This allows the operatoranter the roll identity in
only one place, the company's RQM system. When thte sleda is collected in the standalone system an topenéght erroneously
enter a roll identity which does not match the compadsgistity system. With control of the roll identityvifll be validated as both a
conforming identity as well as a valid roll with the peo status.

Validation of Target Crown, Tolerance and Conformance

Theintegrated data in a RQM System allows direct controheftarget crown and tolerance. This enables the contpasend its
target and tolerance numbers for the crown directly ihe system. Again this will allow the operator toeerthe data in only one
place, minimizing the possibility of data entry errors.

Data Upload Into Company's RQM system

Once the skate is complete and the data is sent balk tmmpany's RQM system, the information can be loggedmerged into
one coherent record of the roll reduction that took placRoll Quality Management report and chart can be prodtlezidrecords
the reduction taken on the roll and its conformancéhéostandards set for the product for which the roll giemind. The roll
diameter and crown returned can be used to automatsedllyp the mill for the rolling schedule.

Key Property Conformance

The data contains several of the key roll properggsired by Statistical Process Control systems — prafiameter, and temperature
— and returns this information to a central locationdonformance checking. A Statistical Process @bistystem requires data to
check conformance of key properties of a roll to thended use.

Process Troubleshooting

The data collected is then available for troublesingatiie process of creating an acceptable roll anddablkeshooting the process in
which the roll is used. First, the data will assis foll Shop in producing an "acceptable" (conformant) faslluse on the mill.
Secondly, if there is a shape problem on the mill drahging a roll fixes it, the Roll Quality Managementrttitan be evaluated and
the crowning practices analyzed. Once this datatégiated into a central database with the mill déta,possibilities of analysis
become infinite.

Financial Analysis

Once accurate roll reduction data is in a repositorggetewith mill data, a prediction of the life of eadiil in the system can be
made. Knowing the cost of the roll, original diametanrent diameter, scrap diameter, and average roll reduftioroll type,
position, and crowning will allow a calculation to baade that forecasts the life of this roll. If this eddtion is performed on every
roll, and a required inventory level of roll type is knowrert an RQM system could indicate how many rolls tolmse and when to
maintain these roll inventory levels.



Benefits

The design breakthrough with this new technology has eekirdt an instrument that is clearly superior to and igdesvdramatic
benefits when compared to the old caliper designs. EnesS3000 chordal skate units are compact, lightweightj-tasking Roll
Mics that are rigid, rugged and reliable. Independent R&Rtesias been performed in working roll shops to compare theits
with Caliper Micrometers (C-Mics), and Pi Tapes. Theults of these tests show a significant gap with regarttié actual and
perceived performance of C-Mics and Pi Tapes. Using diffgpeople, with the resultant variation in feel, touctd alegree of
attention, accuracy in practice is far from being asurhe Series 3000 is consistent. Head to head testihg Skries 3000 against
other Electronic Roll Mics has proven the new tedbgys size, weight, accuracy and rigidity advantagesh\Whe supporting
software it is a powerful management tool that will stemet and transfer the data that is critical to theaijmn and auditing of a roll
shop. It will support the mill with set-up data and raliipaign critiques.

Figure 4. Skate Setup Screen

Summary

The technological innovations that Harford Industries lea®ldped and is developing have been and are driven metus of the
steel industry - Their short term and long term goatadet and exceed customer demand. Working with and listenthg fweople
that are responsible for achieving these goals reqttingsking outside of the box”. Anything and everything is [oles The

requirement is to produce the best technology availalhénaa price structure that is cost effective.
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