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QUANTITATIVE EVALUATION OF NON-UNIFORM
COATING




FLOW MOTTLE

e "MOTILE IS AN IRREGULAR PATTERN OF COVERAGE
VARIATIONS ON THE SURFACE OF A COATING THAT CAN
VARY IN SIZE UP TO SEVERAL CENTIMETERS."

o "“(FLOW MOTTLE) IS BELIEVED TO BE CAUSED BY A
NONUNIFORM AIRFLOW BLOWING THE COATING AROUND IN
EARLY STAGES OF THE DRYING PROCESS."

GUTOFF, E. B. AND COHEN, E. D. (2006) INTRODUCTION, IN
COATING AND DRYING DEFECTS: TROUBLESHOOTING OPERATING
PROBLEMS, SECOND EDITION, JOHN WILEY & SONS, INC.,
HOBOKEN, NJ, USA
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WHY DO ALL THIS WORK'<e

e [HERE ARE TWO PRIMARY JUSTIFICATIONS
FOR THIS RESEARCH.

1. MOTTLE IS A REJECTABLE DEFECT

2. LINE SPEED- FLOW MOTTLE IS BETTER AT
LOWER LINE SPEEDS
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REPEATABILITY OF HUMANS
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HOW CAN WE DO THIS BETTER




VIDAR SCANNER

DIAGNOSTIC/>7©")

Advantage

After experimenting with flatbed scanners
without success, | found that Vidar
manufactures scanners for digitizing X-Ray
film. This Vidar Scanner retails for $21,000.
Without proof this would work, we bought
one on ebay for $500.

Nominal Resolution Pixels Spot Size DPI Line pairs Digitizing
(14"x17* film) (um) Per mm Speed
2K x 2.5K* 2100 x 2550

4200x5100 | 8 | 300 | 6 | 26Seconds |

Mammography film: 18 cm x 24 cm

| 4Kx5K | 4040x5386 | 44 | 570 | 11 | 21Seconds |

*ACR Standard for Teleradiclogy Guidelines [Revision 35 (1998)] recommeands 2.5 line pairs/imm minimum
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THE FIRST STEP WAS VISUALIZING THE PROBLEM

e TO ENABLE US TO ACTUALLY SEE WHAT WE WERE DEALING WITH WE HAD TO
DIGITALLY ENHANCE THE DEFECT. THIS WAS DONE BY NORMALIZING THE PIXEL
VALUES.
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NOIRIVIALZEBDHINACIE

White at the
edge causes the
normalization to
be incomplete




NORMALIZED IMAGE

When one inch was removed from each edge before
normalization, the process worked as intended.

p.13



EVALUATING DENSITY CROSSWEB




WHAT DO WE DO WITH THE DATA<¢

3 THEORETICAL METHODS
e STANDARD DEVIATION
o LINE SLOPE

e STEP HEIGHT




STANDARD DEVIATION METHOD

e THE THEORY WAS THAT SINCE THE DEFECT WAS CHARACTERIZED BY
RANDOM VARIATION IN TRANSPARENCY, THAT A SIMPLE STANDARD
DEVIATION OF THE VALUES IN DENSITY WOULD CORRESPOND TO

MOTTLE.
y = 0.4539x + 3.8511

Standard deviation vs Flow Mottle R2 = 0.6928
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SLOPE METHOD

o THIS WORKS BY EXAMINING THE SLOPE OF THE LINE OVER SMALL REGIONS ACROSS
THE ENTIRE LENGTH OF THE SHEET. |F THE SLOPE OF THE LINE IS GREAT, IT
REPRESENTS A RAPID CHANGE IN DENSITY OVER A SHORT DISTANCE.




STEP HEIGHT

e THIS WORKS BY TAKING DATA POINTS A FIXED DISTANCE APART (~1/5") AND
MEASURING THE AMPLITUDE OF THE DENSITY DIFFERENCE. IF IT EXCEEDS A

THRESHOLD OF 60 THEN IT GETS COUNTED AS A TALLY. THIS COUNT CAN THEN BE
CORRELATED TO MOTTLE GRADING.
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LEARNING # 1

THE DATASET USED WAS AN AVERAGE OF A SMALL SECTION
DOWNWEB. INITIALLY, | HAD SELECTED ALMOST THE ENTIRE SHEET, BUT
THIS AVERAGED OUT MUCH OF THE VARIATION IN THE SHEET. SO TOO

LARGE OF AN AREA AND THE VARIATION IS AVERAGED OUT. TOO
SMALL AND YOU ARE JUST LOOKING AT NOISE.
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LEARNING #2
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THE VARIATION ACROSS A SHEET CAN BE QUITE LARGE (~2%)
RELATIVE TO FLOW MOTTLE AND SKEWS THE DATA. TO ELIMINATE

THIS | CREATED A MOVING AVERAGE TO REMOVE THIS LONG TERM
DRIFT AND ISOLATE THE SHORT TERM VARIABILITY.
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USER INTERFACE

e USING IMAGEJ | CREATED A MACRO TO ANALYZE
THE IMAGE FOR VARIATIONS IN DENSITY CROSS
WEB. T ROTATES THE IMAGE 90°, SELECTS A
REGION OF INTEREST (ROI), AND AVERAGES THE
DOWNWEB DENSITY OF ALL THE PIXELS IN THE
DOWNWEB LINE. THIS WILL GIVE US CROSSWEB
VARIATION FOR A 2 INCH WIDE STRIP DOWN THE
CENTER OF THE WEB EXCLUDING THE EDGES.
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USER INTERFACE

e A COLLEAGUE OF MINE TOOK OVER WHERE | FELL
SHORT AND ENABLED THE MACRO TO PROCESS
ALL IMAGES STORED IN A PARTICULAR FOLDER
AND THEN MOVE THEM TO AN ARCHIVE FOLDER

e HE THEN CREATED A VBA MACRO IN EXCEL TO
TAKE ALL OF THE PROCESSED IMAGE DATA AND
RUN IT THROUGH OUR ALGORITHM TO ASSIGN IT A
FLOW MOTTLE VALUE.

e WITH THESE MACROS WE ARE ABLE TO PROCESS
DOZENS OF SHEETS BY PRESSING TWO BUTTONS
AND WALKING AWAY.
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OPTIMIZING

47 SHEETS WERE SCANNED IN DUPLICATE AND GRADED BY 6 CERTIFIED
INSPECTORS

EACH SHEET TESTED CREATED WAS 4,200 DATA POINTS.
TO PROCESS EACH SHEET TOOK 8,600 CALCULATIONS

USING THE STEP HEIGHT MODEL THERE WERE THREE VARIABLE S TO SOLVE
FOR.

MOVING AVERAGE DISTANCE- HOW MANY POINTS TO AVERAGE ACROSS

AMPLITUDE THRESHOLD -HOW HIGH DOES THE INTESNITY VARIATION NEED
TO BE TO COUNT AS A VISIBLE DEFECT

SPACING DISTANCE- HOW FAR APART ARE THE STEPS.
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OPTIMIZING

e EXCEL HAS BUILT IN FUNCTIONS TO HANDLE THIS
1. GOAL SEEK ONLY HANDLES ONE VARIABLE AT A TIME
2. SOLVER-DOESN'T HANDLE COMPLEX FORMULAS

SO | USED BRUTE FORCE AND WROTE MY OWN MACRO TO
EVALUATE THE 84 SCANS AT OVER /74,000 CONDITIONS.

THIS ENDED UP BEING 54 BILLION CALCULATIONS WHICH
TOOK ~1 WEEK TO COMPUTE.
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RESULTS

Human VS Machine FM Grading y= E‘?izoxéloigml
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SUMMARY

e IN TODAY'S CORPORATE ENVIRONMENT, THERE IS
ALWAYS A PUSH TOWARDS CONTINUOUS
IMPROVEMENT. THAT IS ONE OF THE MAIN REASONS
THIS PROJECT WAS ABLE TO PROCEED. |DENTIFYING
THE CONTRIBUTING FACTORS TO MOTTLE WOULD
ALLOW THE COATER TO RUN AT AN INCREASED
LINESPEED AND REDUCE THE COST PER SQUARE
METER. THE SCANNER WAS PURCHASED FOR ~2%
OF THE PRICE OF A NEW SCANNER, WHILE IMAGEJ
WAS FREE AND EXCEL WAS ALREADY ON THE
COMPUTERS. THE COST OF THIS PROJECT WAS
VIRTUALLY FREE.
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REPEATABILITY

 WE HAVE DONE SEVERAL TESTS TO EXAMINE REPEATABILITY OF THE TEST ALONG
WITH CONSISTENCY OF THE PRODUCT WITH THE FOLLOWING RESULTS.
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REPEATABILITY

 WE HAVE DONE SEVERAL TESTS TO EXAMINE REPEATABILITY OF THE TEST ALONG
WITH CONSISTENCY OF THE PRODUCT WITH THE FOLLOWING RESULTS.
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PRACTICAL APPLICATION

e NOW THAT WE HAVE ACCURATE DATA ON
MOTTLE, WE CAN VARY CONDITIONS TO
EVALUATE THE EFFECT ON THE DEFECT.

e SOME OF THE CHANGES EVALUATED WERE
LINE SPEED, FAN SPEED, OVEN
TEMPERATURE, WEB PATH, COATING
THICKNESS, AND SEVERAL MORE.
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FLOW MOTILE VS LINE SPEED

Capability Histograms of FM by Line Speed
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_LOW MOTTLE VS LINE SPEED

FM vs Linespeed
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CROSSWEB UNIFORMITY

Histogram of FM

Mormal




WHAT'S NEXT

o THIS TECHNOLOGY IS STILL IN'ITS INFANCY AT OUR PLANT. WE HAVE
THIS EQUIPMENT IN THE ANALYTICAL LAB AND CURRENTLY USE IT AS
SUPPLEMENTARY TESTING. WE HAVE SOME EVIDENCE THAT THIS
COULD BE USED TO QUANTIFY LINE AND STREAKS, WHITE SPOTS AND,
POTENTIALLY IMAGER CLEANLINESS. WE ARE ALSO LOOKING INTO
USING IT TO MEASURE RESIDUAL DEBRIS ON A NEW PRODUCT LINE.

e ONCE THE FULL CAPABILITIES OF THIS HAVE BEEN EVALUATED, THEN
THE POSSIBILITY OF IMPLEMENTING IN PRODUCTION WILL BE
BISISNVIINISDR
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Contract Manufacturing
Precision Custom Coating Services
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Oneway Analysis of Flow Mottle Rating By High TC Line Speed=500
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