Aluminum Cold Mill Stand
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Trend of four Resonance events
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As a test the mill operator ran five junk rolls through the mill stand , each to breakage of the roll.  Aluminum went everywhere on the breaks, and cleanup of the mill after a break required about 30 minutes to 1 hour of downtime for the mill. This slide shows data taken one of the junk rolls going through the mill.  The operator ran the mill into resonance four times, as you can see with the trend shown above. On the fourth time into the resonance, the aluminum broke. Before breaking, the aluminum in the mill stand would vibrate up and down as the aluminum was accelerated and decelerated between the mill stands rolls. The last trend peak is wider than the others because the roll broke, and the mill was instantaneously unloaded, causing a speed up on the rolls and then a reduction in speed as the operator brought down the mill.
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Trend of four Resonance events pasted to Excel

Here we show the data copied into Excel and graphed for the trend. This is an example of how the Pathfinder software is compatible with the Microsoft Office suite of products. Here you can see each of the chatter/resonance events in detail. 
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Here is the trend and FFT of the resonance event as shown in PathFinder software.

Using Scenario Trend to determine frequency range for Trend.
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This slide shows the “Scenario Trending” function of the PathFinder software, and this function was the key to unlocking the mystery. This is a powerful feature of the software. When a database is defined, you have the option of including frequency bands in the unit. You can then generate trends of the frequency bands. This is a normal operation that most condition monitoring people are use to perform analysis.  But what if you did not include the correct band while you were performing the data collection? With the PathFinder software, you can define a band of frequencies AFTER the data collection, and the software will generate a trend plot of the new frequency band! This function is not available on any other condition monitoring software package we have ever seen.  In this case, we were looking for a frequency band that would give the operator some warning when he was about to hit the chatter/resonance of the mill stand. This is a trial-and-error process, but after testing several frequency ranges we were able to zero in on a particular frequency range that gave us this information. (See the next slide.)

New Trend seems to precede Resonance event.
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Note that the frequency range that we selected appears to give us a warning of impending chatter. The generated trend is the top display, and the bottom trend is the overall trend. AGAIN, this top trend was generated AFTER the data collection by entering in a frequency range and asking the software to go through the collected waveforms to generate the trend. The trend generation is very fast, usually taking only about 10-12 seconds. This is a very powerful feature of the PathFinder software.

New Trend accurately predicts entry into resonance 1 min before vibration amplitude increases ( 4 out of 4 times!).
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Here we have overlaid the new trend, shown in pink, over the overall trend we showed earlier, in blue. Notice that the new trend predicts the chatter event correctly 4 out of 4 times! The average warning time was about one minute before the chatter/resonance event caused the vibration amplitudes to reach the critical levels.
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An Aluminum Company in the southern U.S. was looking for a way to detect and give warning of conditions which would lead to mill stand  resonance.  Maars Inc. monitoring equipment was installed and the results are the following.
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		36129.8043518519		36129.8043287037
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		36129.8068634259		36129.8068287037



~One Minute Warning of Mill Resonance

Top Mill Accel

Bottom Backup Roll Accel

Time (hh:mm)

Gs (RMS)

Cold Mill Resonance

0.001062

0.001197

0.001281

0.001261

0.002549

0.001168

0.002613

0.00112

0.002292

0.001119

0.002871

0.001467

0.002643

0.001447

0.002915

0.001716

0.004127

0.001375

0.004557

0.001405

0.00579

0.002829

0.005799

0.002168

0.005461

0.002692

0.008258

0.0023

0.006617

0.002645

0.013813

0.003311

0.009611

0.004942

0.021606

0.002763

0.012561

0.002411

0.104531

0.002747

0.278343

0.003401

0.225261

0.004139

0.014676

0.003459

0.015559

0.004159

0.014689

0.002874

0.126588

0.002586

0.227672

0.003222

0.20003

0.003418

0.230618

0.002861

0.011992

0.002494

0.011817

0.003187

0.015458

0.003675

0.012661

0.002485

0.202975

0.003466

0.171345

0.002938

0.177475

0.003456

0.014233

0.002864

0.009043

0.00206

0.006939

0.002362

0.00664

0.001523

0.005002

0.001451

0.004572

0.00159

0.004859

0.001329

0.004802

0.001484

0.004854

0.001391

0.004833

0.001276

0.004121

0.001356

0.004955

0.001504

0.004735

0.001427

0.004628

0.001413

0.004439

0.001625

0.004843

0.001491

0.004599

0.00157

0.004633

0.001562

0.004627

0.001282

0.00456

0.001286

0.005131

0.001693

0.005393

0.001464

0.004248

0.001596

0.004347

0.001449

0.004079

0.001599

0.004819

0.001383

0.004978

0.00148

0.004752

0.001323

0.006232

0.00129

0.006117

0.001257

0.005527

0.0014

0.006247

0.002349

0.006366

0.002637

0.007541

0.002758

0.008781

0.002367

0.010122

0.002762

0.018708

0.003063

0.016815

0.003328

0.016028

0.003049

0.024532

0.001732

0.246917

0.00297

0.269049

0.003793

0.181767

0.003031

0.124184

0.002984

0.036561

0.003378

0.021483

0.003468

0.021619

0.00318

0.004811

0.001277

0.004774

0.001282

0.001988

0.001188

0.001832

0.001448

0.001665

0.001373

0.001006

0.001406

0.001527

0.001392

0.001523

0.001372

0.001576

0.001129

0.001148

0.001331

0.001347

0.001404

0.001292

0.001263

0.000996

0.00118

0.001148

0.00129

0.001193

0.001306

0.001149

0.001193

0.001414

0.001417



Data

		Machine		Rolling Mill								Machine

		Channel		Bot B/U								Channel

		Trend Data		Senario Trend 700-800 Hz								Trend Data		Top Mill

		----------										----------

		Date/Time		Ampl								Date/Time		100-140 Hz {Avg}

		11/30/98 19:02		0.001197										G's

		11/30/98 19:02		0.001261								19:02:51		0.001062

		11/30/98 19:12		0.001168								19:02:56		0.001281

		11/30/98 19:12		0.00112								19:12:14		0.002549		New Coil Start

		11/30/98 19:12		0.001119								19:12:18		0.002613

		11/30/98 19:12		0.001467								19:12:23		0.002292

		11/30/98 19:12		0.001447								19:12:28		0.002871

		11/30/98 19:12		0.001716								19:12:33		0.002643

		11/30/98 19:12		0.001375								19:12:41		0.002915

		11/30/98 19:12		0.001405								19:12:46		0.004127

		11/30/98 19:12		0.002829								19:12:51		0.004557

		11/30/98 19:13		0.002168								19:12:58		0.00579

		11/30/98 19:13		0.002692								19:13:03		0.005799

		11/30/98 19:13		0.0023								19:13:11		0.005461

		11/30/98 19:13		0.002645								19:13:16		0.008258

		11/30/98 19:13		0.003311								19:13:21		0.006617

		11/30/98 19:13		0.004942								19:13:28		0.013813

		11/30/98 19:13		0.002763								19:13:33		0.009611

		11/30/98 19:13		0.002411								19:13:39		0.021606

		11/30/98 19:13		0.002747								19:13:46		0.012561

		11/30/98 19:13		0.003401								19:13:51		0.104531

		11/30/98 19:14		0.004139								19:13:59		0.278343

		11/30/98 19:14		0.003459								19:14:04		0.225261		Speed 4100 fpm

		11/30/98 19:14		0.004159								19:14:09		0.014676

		11/30/98 19:14		0.002874								19:14:16		0.015559

		11/30/98 19:14		0.002586								19:14:21		0.014689

		11/30/98 19:14		0.003222								19:14:29		0.126588

		11/30/98 19:14		0.003418								19:14:34		0.227672

		11/30/98 19:14		0.002861								19:14:39		0.20003

		11/30/98 19:14		0.002494								19:14:46		0.230618

		11/30/98 19:14		0.003187								19:14:51		0.011992

		11/30/98 19:15		0.003675								19:14:59		0.011817

		11/30/98 19:15		0.002485								19:15:04		0.015458		Speed 4000 fpm

		11/30/98 19:15		0.003466								19:15:09		0.012661

		11/30/98 19:15		0.002938								19:15:17		0.202975

		11/30/98 19:15		0.003456								19:15:22		0.171345

		11/30/98 19:15		0.002864								19:15:29		0.177475

		11/30/98 19:15		0.00206								19:15:34		0.014233

		11/30/98 19:15		0.002362								19:15:39		0.009043

		11/30/98 19:15		0.001523								19:15:46		0.006939

		11/30/98 19:15		0.001451								19:15:51		0.00664

		11/30/98 19:16		0.00159								19:15:59		0.005002

		11/30/98 19:16		0.001329								19:16:04		0.004572		Slow to 2000 fpm

		11/30/98 19:16		0.001484								19:16:09		0.004859

		11/30/98 19:16		0.001391								19:16:16		0.004802

		11/30/98 19:16		0.001276								19:16:21		0.004854		Reconfigure cooling

		11/30/98 19:16		0.001356								19:16:29		0.004833

		11/30/98 19:16		0.001504								19:16:34		0.004121

		11/30/98 19:16		0.001427								19:16:41		0.004955

		11/30/98 19:16		0.001413								19:16:46		0.004735

		11/30/98 19:16		0.001625								19:16:51		0.004628

		11/30/98 19:17		0.001491								19:16:59		0.004439

		11/30/98 19:17		0.00157								19:17:04		0.004843

		11/30/98 19:17		0.001562								19:17:11		0.004599

		11/30/98 19:17		0.001282								19:17:16		0.004633

		11/30/98 19:17		0.001286								19:17:21		0.004627

		11/30/98 19:17		0.001693								19:17:29		0.00456

		11/30/98 19:17		0.001464								19:17:34		0.005131

		11/30/98 19:17		0.001596								19:17:41		0.005393

		11/30/98 19:17		0.001449								19:17:46		0.004248

		11/30/98 19:17		0.001599								19:17:51		0.004347

		11/30/98 19:18		0.001383								19:17:58		0.004079

		11/30/98 19:18		0.00148								19:18:04		0.004819		Increase speed

		11/30/98 19:18		0.001323								19:18:11		0.004978

		11/30/98 19:18		0.00129								19:18:16		0.004752

		11/30/98 19:18		0.001257								19:18:21		0.006232

		11/30/98 19:18		0.0014								19:18:28		0.006117

		11/30/98 19:18		0.002349								19:18:33		0.005527

		11/30/98 19:18		0.002637								19:18:41		0.006247

		11/30/98 19:18		0.002758								19:18:46		0.006366

		11/30/98 19:18		0.002367								19:18:51		0.007541

		11/30/98 19:19		0.002762								19:18:58		0.008781

		11/30/98 19:19		0.003063								19:19:03		0.010122

		11/30/98 19:19		0.003328								19:19:11		0.018708

		11/30/98 19:19		0.003049								19:19:16		0.016815

		11/30/98 19:19		0.001732								19:19:23		0.016028

		11/30/98 19:19		0.00297								19:19:28		0.024532

		11/30/98 19:19		0.003793								19:19:33		0.246917

		11/30/98 19:19		0.003031								19:19:41		0.269049

		11/30/98 19:19		0.002984								19:19:46		0.181767

		11/30/98 19:19		0.003378								19:19:51		0.124184

		11/30/98 19:20		0.003468								19:19:58		0.036561

		11/30/98 19:20		0.00318								19:20:03		0.021483

		11/30/98 19:20		0.001277								19:20:11		0.021619

		11/30/98 19:20		0.001282								19:20:16		0.004811

		11/30/98 19:20		0.001188								19:20:21		0.004774

		11/30/98 19:20		0.001448								19:20:28		0.001988

		11/30/98 19:20		0.001373								19:20:33		0.001832

		11/30/98 19:20		0.001406								19:20:41		0.001665

		11/30/98 19:20		0.001392								19:20:46		0.001006

		11/30/98 19:20		0.001372								19:20:51		0.001527

		11/30/98 19:21		0.001129								19:20:58		0.001523

		11/30/98 19:21		0.001331								19:21:03		0.001576		Strip Break

		11/30/98 19:21		0.001404								19:21:11		0.001148

		11/30/98 19:21		0.001263								19:21:15		0.001347

		11/30/98 19:21		0.00118								19:21:23		0.001292

		11/30/98 19:21		0.00129								19:21:28		0.000996

		11/30/98 19:21		0.001306								19:21:35		0.001148

		11/30/98 19:21		0.001193								19:21:40		0.001193

		11/30/98 19:21		0.001417								19:21:45		0.001149

												19:21:53		0.001414
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		36129.8034606481		36129.8034259259

		36129.8035185185		36129.8034837963
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0.004819

0.001383

0.004978

0.00148

0.004752

0.001323

0.006232

0.00129

0.006117

0.001257

0.005527

0.0014

0.006247

0.002349

0.006366

0.002637

0.007541

0.002758

0.008781

0.002367

0.010122

0.002762

0.018708

0.003063

0.016815

0.003328

0.016028

0.003049

0.024532

0.001732

0.246917

0.00297

0.269049

0.003793

0.181767

0.003031

0.124184

0.002984

0.036561

0.003378

0.021483

0.003468

0.021619

0.00318

0.004811

0.001277

0.004774

0.001282

0.001988

0.001188

0.001832

0.001448

0.001665

0.001373

0.001006

0.001406

0.001527

0.001392

0.001523

0.001372

0.001576

0.001129

0.001148

0.001331

0.001347

0.001404

0.001292

0.001263

0.000996

0.00118

0.001148

0.00129

0.001193

0.001306

0.001149

0.001193

0.001414

0.001417



Stand Resonance

		36129.7936458333

		36129.7937037037

		36129.800162037

		36129.8002083333

		36129.8002662037

		36129.8003240741

		36129.8003819444

		36129.800474537

		36129.8005324074

		36129.8005902778

		36129.8006712963

		36129.8007291667

		36129.8008217593

		36129.8008796296

		36129.8009375

		36129.8010185185

		36129.8010763889

		36129.8011458333

		36129.8012268519

		36129.8012847222

		36129.8013773148

		36129.8014351852

		36129.8014930556

		36129.8015740741

		36129.8016319444

		36129.801724537

		36129.8017824074

		36129.8018402778

		36129.8019212963

		36129.8019791667

		36129.8020717593

		36129.8021296296

		36129.8021875

		36129.8022800926

		36129.802337963

		36129.8024189815

		36129.8024768519

		36129.8025347222

		36129.8026157407

		36129.8026736111

		36129.8027662037

		36129.8028240741

		36129.8028819444

		36129.802962963

		36129.8030208333

		36129.8031134259

		36129.8031712963

		36129.8032523148

		36129.8033101852

		36129.8033680556

		36129.8034606481

		36129.8035185185

		36129.803599537

		36129.8036574074

		36129.8037152778

		36129.8038078704

		36129.8038657407

		36129.8039467593

		36129.8040046296

		36129.8040625

		36129.8041435185

		36129.804212963

		36129.8042939815

		36129.8043518519

		36129.8044097222

		36129.8044907407

		36129.8045486111

		36129.8046412037

		36129.8046990741

		36129.8047569444

		36129.804837963

		36129.8048958333

		36129.8049884259

		36129.8050462963

		36129.8051273148

		36129.8051851852

		36129.8052430556

		36129.8053356481

		36129.8053935185

		36129.8054513889

		36129.8055324074

		36129.8055902778

		36129.8056828704

		36129.8057407407

		36129.8057986111

		36129.8058796296

		36129.8059375

		36129.8060300926

		36129.806087963

		36129.8061458333

		36129.8062268519

		36129.8062847222

		36129.8063773148

		36129.8064236111

		36129.8065162037

		36129.8065740741

		36129.8066550926

		36129.806712963

		36129.8067708333

		36129.8068634259



Roll Start

Decrease Speed

Increase Speed

Strip Break

Reconfigure Cooling

Increase Speed

Roll Chatter

Top Mill Accel

Time (hh:mm)

Gs (RMS)

Cold Mill Resonance

0.001062

0.001281

0.002549

0.002613

0.002292

0.002871

0.002643

0.002915

0.004127

0.004557

0.00579

0.005799

0.005461

0.008258

0.006617

0.013813

0.009611

0.021606

0.012561

0.104531

0.278343

0.225261

0.014676

0.015559

0.014689

0.126588

0.227672

0.20003

0.230618

0.011992

0.011817

0.015458

0.012661

0.202975

0.171345

0.177475

0.014233

0.009043

0.006939

0.00664

0.005002

0.004572

0.004859

0.004802

0.004854

0.004833

0.004121

0.004955

0.004735

0.004628

0.004439

0.004843

0.004599

0.004633

0.004627

0.00456

0.005131

0.005393

0.004248

0.004347

0.004079

0.004819

0.004978

0.004752

0.006232

0.006117

0.005527

0.006247

0.006366

0.007541

0.008781

0.010122

0.018708

0.016815

0.016028

0.024532

0.246917

0.269049

0.181767

0.124184

0.036561

0.021483

0.021619

0.004811

0.004774

0.001988

0.001832

0.001665

0.001006

0.001527

0.001523

0.001576

0.001148

0.001347

0.001292

0.000996

0.001148

0.001193

0.001149

0.001414



Warning Time

		36129.7936458333		36129.7936111111

		36129.7937037037		36129.7936805556

		36129.800162037		36129.8001157407

		36129.8002083333		36129.8001736111

		36129.8002662037		36129.8002314815

		36129.8003240741		36129.8002893518

		36129.8003819444		36129.8003587963

		36129.800474537		36129.8004398148

		36129.8005324074		36129.8004976852

		36129.8005902778		36129.8005555556

		36129.8006712963		36129.8006481481

		36129.8007291667		36129.8007060185

		36129.8008217593		36129.8007986111

		36129.8008796296		36129.8008564815

		36129.8009375		36129.8009143519

		36129.8010185185		36129.8009953704

		36129.8010763889		36129.8010532407

		36129.8011458333		36129.8011111111

		36129.8012268519		36129.8012037037

		36129.8012847222		36129.8012615741

		36129.8013773148		36129.8013425926

		36129.8014351852		36129.801400463

		36129.8014930556		36129.8014699074

		36129.8015740741		36129.8015509259

		36129.8016319444		36129.8016087963

		36129.801724537		36129.8016898148

		36129.8017824074		36129.8017476852

		36129.8018402778		36129.8018171296

		36129.8019212963		36129.8018981482

		36129.8019791667		36129.8019560185

		36129.8020717593		36129.8020486111

		36129.8021296296		36129.8021064815

		36129.8021875		36129.8021643519

		36129.8022800926		36129.8022453704

		36129.802337963		36129.8023032407

		36129.8024189815		36129.8023958333

		36129.8024768519		36129.8024537037

		36129.8025347222		36129.8025115741

		36129.8026157407		36129.8025925926

		36129.8026736111		36129.802650463

		36129.8027662037		36129.8027430556

		36129.8028240741		36129.8028009259

		36129.8028819444		36129.8028587963

		36129.802962963		36129.8029398148

		36129.8030208333		36129.8029976852

		36129.8031134259		36129.8030787037

		36129.8031712963		36129.8031365741

		36129.8032523148		36129.8032291667

		36129.8033101852		36129.803287037

		36129.8033680556		36129.8033449074

		36129.8034606481		36129.8034259259

		36129.8035185185		36129.8034837963

		36129.803599537		36129.8035763889

		36129.8036574074		36129.8036342593

		36129.8037152778		36129.8036921296

		36129.8038078704		36129.8037731481

		36129.8038657407		36129.8038310185

		36129.8039467593		36129.8039236111

		36129.8040046296		36129.8039814815

		36129.8040625		36129.8040393519

		36129.8041435185		36129.8041203704

		36129.804212963		36129.8041782407

		36129.8042939815		36129.8042708333

		36129.8043518519		36129.8043287037

		36129.8044097222		36129.8043865741

		36129.8044907407		36129.8044675926

		36129.8045486111		36129.804525463

		36129.8046412037		36129.8046064815

		36129.8046990741		36129.8046643519

		36129.8047569444		36129.8047222222

		36129.804837963		36129.8048148148

		36129.8048958333		36129.8048726852

		36129.8049884259		36129.8049537037

		36129.8050462963		36129.8050115741

		36129.8051273148		36129.8051041667

		36129.8051851852		36129.805162037

		36129.8052430556		36129.8052199074

		36129.8053356481		36129.8053009259

		36129.8053935185		36129.8053587963

		36129.8054513889		36129.8054282407

		36129.8055324074		36129.8055092593

		36129.8055902778		36129.8055671296

		36129.8056828704		36129.8056597222

		36129.8057407407		36129.8057175926

		36129.8057986111		36129.805775463

		36129.8058796296		36129.8058564815

		36129.8059375		36129.8059143519

		36129.8060300926		36129.8060069444

		36129.806087963		36129.8060648148

		36129.8061458333		36129.8061226852

		36129.8062268519		36129.8062037037

		36129.8062847222		36129.8062615741

		36129.8063773148		36129.8063425926

		36129.8064236111		36129.806400463

		36129.8065162037		36129.8064814815

		36129.8065740741		36129.8065393519

		36129.8066550926		36129.8066319444

		36129.806712963		36129.8066898148

		36129.8067708333		36129.8067476852

		36129.8068634259		36129.8068287037



~One Minute Warning of Mill Resonance

Top Mill Accel

Bottom Backup Roll Accel

Time (hh:mm)

Gs (RMS)

Cold Mill Resonance

0.001062

0.001197

0.001281

0.001261

0.002549

0.001168

0.002613

0.00112

0.002292

0.001119

0.002871

0.001467

0.002643

0.001447

0.002915

0.001716

0.004127

0.001375

0.004557

0.001405

0.00579

0.002829

0.005799

0.002168

0.005461

0.002692

0.008258

0.0023

0.006617

0.002645

0.013813

0.003311

0.009611

0.004942

0.021606

0.002763

0.012561

0.002411

0.104531

0.002747

0.278343

0.003401

0.225261

0.004139

0.014676

0.003459

0.015559

0.004159

0.014689

0.002874

0.126588

0.002586

0.227672

0.003222

0.20003

0.003418

0.230618

0.002861

0.011992

0.002494

0.011817

0.003187

0.015458

0.003675

0.012661

0.002485

0.202975

0.003466

0.171345

0.002938

0.177475

0.003456

0.014233

0.002864

0.009043

0.00206

0.006939

0.002362

0.00664

0.001523

0.005002

0.001451

0.004572

0.00159

0.004859

0.001329

0.004802

0.001484

0.004854

0.001391

0.004833

0.001276

0.004121

0.001356

0.004955

0.001504

0.004735

0.001427

0.004628

0.001413

0.004439

0.001625

0.004843

0.001491

0.004599

0.00157

0.004633

0.001562

0.004627

0.001282

0.00456

0.001286

0.005131

0.001693

0.005393

0.001464

0.004248

0.001596

0.004347

0.001449

0.004079

0.001599

0.004819

0.001383

0.004978

0.00148

0.004752

0.001323

0.006232

0.00129

0.006117

0.001257

0.005527

0.0014

0.006247

0.002349

0.006366

0.002637

0.007541

0.002758

0.008781

0.002367

0.010122

0.002762

0.018708

0.003063

0.016815

0.003328

0.016028

0.003049

0.024532

0.001732

0.246917

0.00297

0.269049

0.003793

0.181767

0.003031

0.124184

0.002984

0.036561

0.003378

0.021483

0.003468

0.021619

0.00318

0.004811

0.001277

0.004774

0.001282

0.001988

0.001188

0.001832

0.001448

0.001665

0.001373

0.001006

0.001406

0.001527

0.001392

0.001523

0.001372

0.001576

0.001129

0.001148

0.001331

0.001347

0.001404

0.001292

0.001263

0.000996

0.00118

0.001148

0.00129

0.001193

0.001306

0.001149

0.001193

0.001414

0.001417



Data

		Machine		Rolling Mill								Machine

		Channel		Bot B/U								Channel

		Trend Data		Senario Trend 700-800 Hz								Trend Data		Top Mill

		----------										----------

		Date/Time		Ampl								Date/Time		100-140 Hz {Avg}

		11/30/98 19:02		0.001197										G's

		11/30/98 19:02		0.001261								19:02:51		0.001062

		11/30/98 19:12		0.001168								19:02:56		0.001281

		11/30/98 19:12		0.00112								19:12:14		0.002549		New Coil Start

		11/30/98 19:12		0.001119								19:12:18		0.002613

		11/30/98 19:12		0.001467								19:12:23		0.002292

		11/30/98 19:12		0.001447								19:12:28		0.002871

		11/30/98 19:12		0.001716								19:12:33		0.002643

		11/30/98 19:12		0.001375								19:12:41		0.002915

		11/30/98 19:12		0.001405								19:12:46		0.004127

		11/30/98 19:12		0.002829								19:12:51		0.004557

		11/30/98 19:13		0.002168								19:12:58		0.00579

		11/30/98 19:13		0.002692								19:13:03		0.005799

		11/30/98 19:13		0.0023								19:13:11		0.005461

		11/30/98 19:13		0.002645								19:13:16		0.008258

		11/30/98 19:13		0.003311								19:13:21		0.006617

		11/30/98 19:13		0.004942								19:13:28		0.013813

		11/30/98 19:13		0.002763								19:13:33		0.009611

		11/30/98 19:13		0.002411								19:13:39		0.021606

		11/30/98 19:13		0.002747								19:13:46		0.012561

		11/30/98 19:13		0.003401								19:13:51		0.104531

		11/30/98 19:14		0.004139								19:13:59		0.278343

		11/30/98 19:14		0.003459								19:14:04		0.225261		Speed 4100 fpm

		11/30/98 19:14		0.004159								19:14:09		0.014676

		11/30/98 19:14		0.002874								19:14:16		0.015559

		11/30/98 19:14		0.002586								19:14:21		0.014689

		11/30/98 19:14		0.003222								19:14:29		0.126588

		11/30/98 19:14		0.003418								19:14:34		0.227672

		11/30/98 19:14		0.002861								19:14:39		0.20003

		11/30/98 19:14		0.002494								19:14:46		0.230618

		11/30/98 19:14		0.003187								19:14:51		0.011992

		11/30/98 19:15		0.003675								19:14:59		0.011817

		11/30/98 19:15		0.002485								19:15:04		0.015458		Speed 4000 fpm

		11/30/98 19:15		0.003466								19:15:09		0.012661

		11/30/98 19:15		0.002938								19:15:17		0.202975

		11/30/98 19:15		0.003456								19:15:22		0.171345

		11/30/98 19:15		0.002864								19:15:29		0.177475

		11/30/98 19:15		0.00206								19:15:34		0.014233

		11/30/98 19:15		0.002362								19:15:39		0.009043

		11/30/98 19:15		0.001523								19:15:46		0.006939

		11/30/98 19:15		0.001451								19:15:51		0.00664

		11/30/98 19:16		0.00159								19:15:59		0.005002

		11/30/98 19:16		0.001329								19:16:04		0.004572		Slow to 2000 fpm

		11/30/98 19:16		0.001484								19:16:09		0.004859

		11/30/98 19:16		0.001391								19:16:16		0.004802

		11/30/98 19:16		0.001276								19:16:21		0.004854		Reconfigure cooling

		11/30/98 19:16		0.001356								19:16:29		0.004833

		11/30/98 19:16		0.001504								19:16:34		0.004121

		11/30/98 19:16		0.001427								19:16:41		0.004955

		11/30/98 19:16		0.001413								19:16:46		0.004735

		11/30/98 19:16		0.001625								19:16:51		0.004628

		11/30/98 19:17		0.001491								19:16:59		0.004439

		11/30/98 19:17		0.00157								19:17:04		0.004843

		11/30/98 19:17		0.001562								19:17:11		0.004599

		11/30/98 19:17		0.001282								19:17:16		0.004633

		11/30/98 19:17		0.001286								19:17:21		0.004627

		11/30/98 19:17		0.001693								19:17:29		0.00456

		11/30/98 19:17		0.001464								19:17:34		0.005131

		11/30/98 19:17		0.001596								19:17:41		0.005393

		11/30/98 19:17		0.001449								19:17:46		0.004248

		11/30/98 19:17		0.001599								19:17:51		0.004347

		11/30/98 19:18		0.001383								19:17:58		0.004079

		11/30/98 19:18		0.00148								19:18:04		0.004819		Increase speed

		11/30/98 19:18		0.001323								19:18:11		0.004978

		11/30/98 19:18		0.00129								19:18:16		0.004752

		11/30/98 19:18		0.001257								19:18:21		0.006232

		11/30/98 19:18		0.0014								19:18:28		0.006117

		11/30/98 19:18		0.002349								19:18:33		0.005527

		11/30/98 19:18		0.002637								19:18:41		0.006247

		11/30/98 19:18		0.002758								19:18:46		0.006366

		11/30/98 19:18		0.002367								19:18:51		0.007541

		11/30/98 19:19		0.002762								19:18:58		0.008781

		11/30/98 19:19		0.003063								19:19:03		0.010122

		11/30/98 19:19		0.003328								19:19:11		0.018708

		11/30/98 19:19		0.003049								19:19:16		0.016815

		11/30/98 19:19		0.001732								19:19:23		0.016028

		11/30/98 19:19		0.00297								19:19:28		0.024532

		11/30/98 19:19		0.003793								19:19:33		0.246917

		11/30/98 19:19		0.003031								19:19:41		0.269049

		11/30/98 19:19		0.002984								19:19:46		0.181767

		11/30/98 19:19		0.003378								19:19:51		0.124184

		11/30/98 19:20		0.003468								19:19:58		0.036561

		11/30/98 19:20		0.00318								19:20:03		0.021483

		11/30/98 19:20		0.001277								19:20:11		0.021619

		11/30/98 19:20		0.001282								19:20:16		0.004811

		11/30/98 19:20		0.001188								19:20:21		0.004774

		11/30/98 19:20		0.001448								19:20:28		0.001988

		11/30/98 19:20		0.001373								19:20:33		0.001832

		11/30/98 19:20		0.001406								19:20:41		0.001665

		11/30/98 19:20		0.001392								19:20:46		0.001006

		11/30/98 19:20		0.001372								19:20:51		0.001527

		11/30/98 19:21		0.001129								19:20:58		0.001523

		11/30/98 19:21		0.001331								19:21:03		0.001576		Strip Break

		11/30/98 19:21		0.001404								19:21:11		0.001148

		11/30/98 19:21		0.001263								19:21:15		0.001347

		11/30/98 19:21		0.00118								19:21:23		0.001292

		11/30/98 19:21		0.00129								19:21:28		0.000996

		11/30/98 19:21		0.001306								19:21:35		0.001148

		11/30/98 19:21		0.001193								19:21:40		0.001193

		11/30/98 19:21		0.001417								19:21:45		0.001149

												19:21:53		0.001414
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