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INTRODUCTION:

For more than 6 years, mills have been installiogoontact Laser Velocimeters to replace existingant length measurement
systems at Continuous Casters. Installations eridtillet, bloom, beam blank and slab castershteavé proven to measure length
and speed with high precision, reliability and Iaagn consistency, improving throughput and yidltha caster, as well as,
downstream rolling process.

Existing contact length measurement methods suen@sder wheels, tachs on drive rolls or tachsrfotor speed are the typical
techniques employed in controlling cut length tateres. Each of these methods is susceptible typiml issues associated with
contact devices like slippage, changing roll or elltddameter and wear & tear, resulting in long teampredictable drift of the length
measurement. These issues are particularly clgadigrnvhen trying to measure on a billet or slab&20F. In short, contact devices
measure their own rotational motion, which is netessarily the motion of the strand, while velo¢eredirectly measure the motion
of the strand, providing a more accurate and rgfpdéaimeasurement to the control system for cuttkeogntrol and tracking.

In practice, contact length measurement technignesontinuous casters deliver cut length toleraircéise range of +/- 2 inches.
Moreover, to achieve these results requires fremgenvice and time by maintenance personnel, dsagetontinuous, online process
calibration by operations personnel. Without tliastant attention, cut length tolerances can quidkft beyond the 2 inch range
resulting in significant weight variation and tHass in yield at both the caster and roll mills.fact, due to the variation in length,
many mills will add an additional “safety factorf -3 inch or more to compensate for this long teunpredictable variation to be
sure the roll mill does not receive less than g@mgth or weight specified. Since length is theyatiinension that can be controlled in
real time at the caster, optimizing length measergmand cut length tolerances over the long tgrtimizes long term weight
tolerances, providing greater process control alaances for the roll mill.

In addition to cut length, cast speed serves aspartant input for process and quality controlocDmenting & tracking of events
such as changes in chemistry, ladle changes, chamgeray practice or other quality and procesmtvis often required to
guarantee specified mechanical properties andosignificant insight into understanding the caase effect of process events.
Errors in speed and length measurements causdippsge between the strand and roll, introducesrgilin tracking these events.
The ability to precisely locate these process araity events is vital to quality control and prdegs a greater understanding of the
unique characteristics of a particular processmtinued efficiency, quality and process improvame

LASER DOPPLER VELOCIMETER
PRINCIPLE OF OPERATION

Laser Doppler Velocimeters are honcontact, opseakors that measure the velocity and length akaipg material. They are used
for noncontact length and speed applications througthe steel process including Continuous Cagstitog Rolling, Cold Rolling,
Pickling, Galv Lines, Tube/Pipe Mills, Rod/Bar amare.

Doppler Shift states that waves emitted or scattéem a moving object will undergo an apparenftshifrequency, proportional to
the velocity of the moving object. As with soundanating from a moving vehicle, light waves wik@lappear to compress or



increase in frequency as the object is moving tdvilae viewer and appear to “stretch” or decreadeeguency as the object is
moving away from the viewer. Velocity is determingdmeasuring this frequency shift. Laser Velodengeare designed to measure
this Doppler frequency shift of laser light scagtfrom the object and provide a direct output prtpnal to velocity. By integrating
the velocity in real time, these systems will alebermine the accumulated length of material thaspd by, in real time.
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Fig. 1: Principle of Doppler Shift

Laser Velocimeters utilize a Differential DoppleeiMod to measure velocity, where the laser beam &aingle laser diode is split
into two beams and then directed so as to inteetexcfixed point in space, forming an “X” pattekig 2. This fixed focal point is
called the Standoff Distance of the sensor systAmthe beams intersect, they overlap in the ameana the standoff distance
forming what is called the Measurement Volume optbef Field of the sensor systems. The sensométhsure the speed and
length of any surface passing within this deptfiedé.
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Fig. 2:



Constructive and destructive interference of thbtliwaves occurs in the Depth of Field area, whieegdwo beams overlap, to
generate what is called a “fringe pattern”. Thisipattern of parallel light and dark fringes d&ector at the sensor head is aligned
along the center line of the system to view thiggra and to measure the intensity of light thatdattered from the area. As a
surface moves through this fringe pattern, Dopghéit of the two scattered beams occurs causingteesity of light at the detector
to modulate. This modulation in intensity or “b&atquency” corresponds to the Doppler shift andtthe velocity of the moving

surface. Length & Velocity data is then made avddas process outputs in the form of quadratucedsr pulse, RS232, RS422,
Ethernet and more.

Due to the slow speeds found on continuous castésgmperative to use a so called “frequencytedi’ system for highest accuracy,
Fig 3. This is a system that shifts the opticayifrency of one of the exiting beams. This techmigpables the system to measure
very accurately at slow speeds, down to standsgtid), as well as to internally determine the dii@t of the material

Shifted Laser Doppler Velocimeter

Shift optical frequency of one beam for zero
speed, slow speed and directional
information

Measure modulation frequency
Obtain speed

\"
fD:_E
As

Fp = Doppler Frequency

V,...Velocity Component in Measurement
Direction

Aq...Fringe Spacing

Fig 3:

POSITIONING THE SENSOR HEAD

These sensors are designed to be installed sucthéhaptical axis is perpendicular to the target at a standoff distance such that
the measured surface remains within the DeptheatiFiAs shown in Fig. 4, there are three anglasc¢hn influence the
measurement. Angldés andd, will influence the measurement by introducing awn, predictable offset that follows the well
known Cosine rule. This does not affect the regimbity of the system and can be corrected thraaughmple, one time process
calibration as long as the angles are not changling third anglef,, has no influence on the accuracy of the meastakrt, but

rather the signal level returning to the sensbis lecommended to keep this angle close to peipelar, but, here, greater flexibility
exists.
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Fig 4: Positioning of the sensor head:

APPLICATION & INSTALLATION CONSIDERATIONS:
CUT LENGTH TOLERANCE AND CAST SPEED:

In addition to accurate length measurements, therenany other events involved in controlling toélength of strands at a
caster. In short, the torch machine must be bads home position or at least be at a precisetwin location for slab casters. An
accurate length measurement must be fed into thieat@ystem and used to activate the clampingadif the torch machine. The
clamp response time must be known and repeatablenast maintain the correct pressure to preveppatie from occurring during
the cut. The torch machine must move freely whithdtrand. The torch must be in a fixed positiot the flame itself must be
considered, as it can remove on the order of @Zb3 inch or more of steel due to its shape. rAfte cut is achieved, the torch
machine must reset and prepare for the next sequ&hese and other controls issues must all bedsnesi when optimizing cut
length control.

Assuming all the mechanical and controls issuesddeessed, installation of Laser Velocimeters thi¢h allow mills to
achieve and maintain cut length tolerances inahge of 1.0 inch or better on lengths up to 480as¢with little to no maintenance.
The improved length accuracy and long term consistérom the Laser sensors results in similar insproents in achieving and
maintaining weight tolerances, a key specificafamthe rolling mill.

A number of mills have successfully installed Petyt. SV Laser Velocimeters on slab, billet & beamni casters with
excellent results. In almost all cases, the seofsohoice is one with a 1500mm standoff distarmoé B50mm depth of field. This
provides a good balance between the desire to bg ftem the hot strand, while also maintaining éece signal quality, even on
surfaces with heavy scale. The system is prowd#da watercooled housing and air wipe to keepathiek exchange protective
window clean. It provides a quadrature encodeputufor easy integration into existing control €yss, as well as, serial and
Ethernet interfaces for additional data acquisifod control. It is recommended that the user mowgibolant flow to the sensor head
to ensure proper water flow to the watercooled hmyjss well as, install coalescing air filters ndee sensor head to maintain clean,
dry air flow to the air wipe. The sensor systemitars its own ambient temperature at the sensad heithin the watercooled
housing. This value should be checked, certainlyng startup, and monitored regularly through ohthe various outputs from the
system to verify proper cooling.

Since billet casters typically have 3 or more siggrsensors are typically installed above the dirmoking down. Fig 5a &
5b show an installation on a 5 strand billet castestallations on slab casters may vary. The@encan be located above the slab in
a fixed position; they can be mounted to the sidd@ slab, but will require a mechanical systemegqoosition the standoff distance in
order to accommodate the slab width variationgoald be mounted directly on the torch machine cwhinproves cut length
tolerances for those shorter slabs that are carddfie torch machine is able to reach the homitigos



Fig 5b: LSV Installation on 6 Strand Billet Caster



CASE STUDY:
TMK-IPSCO KOPPEL STEEL:

The melt shop of TMK-Ipsco Koppel Steel in KopgeA has a 4 strand billet caster producing roundkeérrange of 5.5 and 6.5 inch
diameter for seamless tube products. The milltified cut length repeatability and thus billet wiei repeatability, as an area for
ongoing process improvement. The first phase @ptioject was to find a length measurement solutequiring minimal
maintenance that would improve yield and scrapsrateéhe caster by improving cut length toleranwtlang term repeatability by a
minimum factor of 2, to better than 4 inches (#hh). Following phases will address issues relabethe torch home position,
clamping time, torch track motion and more.

An initial study by Anna Overdorf, Sr. Process Hragir, indicated that, although the cut length rigtmlity for short time periods
could approach +/- 2 inch with the existing consdtem, the long term cut length repeatability imahie range +/- 4 inches.
Because of this wide variation, operators had teremlarge safety factor to be sure the billeteeweever too short.

An evaluation was conducted by installing a singh/ laser velocimeter on one strand. The result eid length tolerances
approaching +/-1.0 inch.. These overall variangeazit length, included not only the length meament, but also the issues
mentioned above, related to clamp timing, clampsgues, torch track motion and more, which are tadressed in the future.
More importantly, continued evaluation demonstrdber) term consistency in the measurement, enabliegators to significantly
reduce the safety factor. The long term stabdftthe LSV laser demonstrated a significant improgat upon the existing contact
wheel, which from experience provided cut lengller@nces with variation up to +/- 4 inches overeim

In May of 2010, TMK-Ipsco Koppel installed 4 PolgteSV laser velocimeters on the 4 strand castéie [&sers have a standoff
distance of 1500mm, a depth of field of 150mm aruide a watercooled housing with air wipe. Seeifeida, 6b. Introduction of
these Laser systems has since resulted in a sigmifreduction in safety factors, improved procepgatability and has eliminated
the need for continued process calibration andection factors for each strand. In addition, thaye proven to offer long term
reliability with little to no maintenance required.

Fig. 6a: Laser Velocimeters on TMK-Ipsco 4 Str&abter



Fig. 6b: Laser Velocimeters on TMK-Ipsco 4 Str&akter

Upon startup, mill personnel again began collectiata for further project justification and compdet This time, they recorded the
scrap rate from a secondary “multing” process thi#d the mother billet from the caster long bats several daughter billets.

Figures 7a, 7b, 7c, 7d illustrate the reductioadrap realized, for each strand, from the comtmnadif the two processes, before and
after installation of the lasers. The scrap rathia point in the process includes the variatifsom the cut length at the caster as well
as variation in cut length from the secondary maglprocess. More than 1500 billets were measured.

The improvement in tolerance before and after tistailation of the Laser Velocimeters is cleadystrated in the following charts
and is attributed to a more consistent, repeataindeaccurate cut length measurement at the caBidK-Ipsco will now address the
remaining ,mechanical issues related to torch nmechome position, clamp timing, clamp pressurehtaonachine tracking and more.

Strand 1: Billet Scrap (inches) - Before and After Laser Install
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Strand 2: Billet Scrap (inches) - Before and After Laser Install
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Fig, 8b

Strand 3: Billet Scrap (inches) - Before and After Laser Install
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Strand 4: Billet Scrap (inches) - Before and After Laser Install
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SUMMARY:

In recent years, Polytec LSV Laser Velocimetersehasen installed successfully in a number of didlet, bloom and beam blank
casters, replacing contact methods for controltiitigt length measurements and tracking of quality process events. They have
proven to be more accurate and repeatable thaaatatgvices over the long term, with little to naintenance required and provide
greater long term consistency and predictabilitypimcess control and operations. This solutioiconjunction with good
mechanical operation of the torch machine, sigaifity improves cut length tolerances, reduces @®cerrection factors and
improves weight consistency to the rolling millssulting in improved yield at the caster, as weglltae downstream rolling

processes.
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