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CASR Program Timeline E

m 1999 — 2002 — Cleaning and Drying
Studies performed as part of the Engine
Titanium Consortium

m 2002 — 2006 — Engineering Assessment of
Fluorescent Penetrant Inspection

performed as part of Center for Aviation
Systems Reliability effort

http://www.cnde.lastate.edu/faa-casr/fpi/index.htmi




CASR Engineering Assessment of FPI E
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CASR Technical Approach E

m Define factors for which engineering data is deficient
= Change in process, e.g., environmental changes
= Change in applications
= Data not available in the public domain

Design engineering study that provides quantitative
assessment of performance

= Brightness measurements

= Digital recording of UVA indication

= Probability of Detection

Complete study using either lab or shop facilities as
appropriate

Distribute results through use of web

Support changes to industry specifications as warranted
Utilize results to update/create guidance materials
Transition process to airlines for internal, self-assessment

http://www.cnde.lastate.edu/faa-casr/fpi/index.htmi




CASR Sample Fabrication

m Titanium 6AI-4V -

m 1/4 and 1/2 inch thick % R
plate

= ASTM-B-265, Grade 5
and AMS 4911

Inconel 718

= 1/2 inch thick plate

= AMS 5596

EDM notches used as
starter notches

Three point bending to
generate cracks with
2:1 to 3:1 crack aspect
ratio

Crack sizes ranging
from 20 to 180 mils,
most at 80 mils




CASR Sample Characterization

= Final surface polish

to 32 Ra 01-026
UVA at 40X

Optical
photographs (100X
digital)

Brightness

measurements and
UVA image capture
to establish
baseline and
remove samples
that showed
variability

http://www.cnde.lastate.edu/faa-casr/fpi/index.htmi




WM Brightness Measurement

m Used rigid fixturing to
assure repeatabllity
with transportability
for brightness
measurements

m Photo Research
PR-880 Photometer
used to record
Indication brightness In
ft-Lamberts




WM Brightness Measurements

http://www.cnde.lastate.edu/faa-casr/fpi/index.htmi




CASR Field Studies

m Requires access to typical 'y
drying, cleaning and FPI
methods used in commercial
aviation '

m Several partners have

provided access to their
facilities

m Access to cleaning lines for Ti
and Ni as well as mechanical
blasting facilities

= FPI line for sample processing

= Inspection booth for
characterization and brightness
measurements




CASR Field Studies

m 15 - 20 samples per basket
m 20 minute penetrant dwell
m 90 second pre-wash

m 120 seconds emulsifier
contact with vertical motion

m Two 30 second cycles of air
agitated water rinse, then a
90 second post-wash

http://www.cnde.lastate.ed u/faa-casr/fp:i/index.html




CASR Field Studies

m Samples dried for 8 minutes
at 150°F

m Drag-through application of
developer

= 10 minute development time

m Brightness reading using
Spotmeter

m Length reading using UVA
and image analysis software




CASR Engineering Studies

= Topics for engineering SRR 2SIl SIELSS
studies selected and m ES — 2 — Cleaning Studies for Ti,

prioritized by team M A

ES — 3 — Stress Studies
Subteams developed for ES — 4 — Assessment tool for

experimental design dryness and cleanliness
with review by the full ES — 5 — Effect of surface

team treatments on detectability
Experimental efforts to = ES -6 - Light level Studies

take place at various ES — 7 — Detectability Studies
Industry locations = ES - 8 — Study of Prewash and

Definition currently E?“'gf'c‘?'o? Psr?}meftgrs .
underway — 9 — Evaluation of Drying

Temperatures
ES — 10 — Part geometry effects

ES — 11 — Penetrant Application
Studies

ES — 12 — Relationship of part
thickness to drying method




CASR Developer Chamber Characterization E
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m Utilized standard sample process with
baseline established using dip/drag
method of developer application

m Evaluated four developer chambers and
wand application methods at two locations

m Same penetrant process (level 4 PE) and
chemistry use through out
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Baseline Characterization
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CASR Baseline Characterization

Location 2
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CASR Baseline Characterization E
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CASR Baseline Characterization

m Samples gave repeatable performance

m Useful for measurement of changes in
brightness as function of developer
application methods

o




CASR Developer Application Methods E

—
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Chamber a — Developer applied through linear
diffuser located at top and bottom of chamber

Chamber b — Developer applied from circular
diffuser located at top and bottom of chamber

Chamber ¢ — Developer applied from circular
diffuser located at top of chamber

Chamber d — Developer applied from two nozzle
diffusers located at bottom of chamber

Manual spray — Low pressure, high volume
manual application

Dip/drag — Hand application of individual
samples. Used for baseline measurements.




CASR Chamber A Characterization E




CASR Chamber A Characterization

m Developer applied through .
linear diffusers located at top ——
and bottom of chamber

Developer time of 20 or 60 sec
followed by 2 min dwell, 1 min
evacuation and removal at 5
min

Samples placed with cracks in
up or down position

.-71,,.‘7-".;!‘7*_5




CASR Chamber A Characterization

= New developer added to
pot prior to study

®= Run 8 — Samples placed
In up or down position.
Developer application for
20 sec.

Run 10 — Samples in up
or down position.

Developer application for
60 sec.

Run 12 — Samples placed
In down or up (opposite
of Run 8) position.
Developer application for
20 sec.
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Chamber A Characterization
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CASR Chamber B Characterization




CASR Chamber B Characterization

m Pressure pot with new o —

developer added prior
to study

m Circular diffusers at
top and bottom of
chamber

= Evacuation in upper,
center region of
chamber




CASR Chamber B Characterization

m 20 sec of developer
application followed
by 3.5 min dwell and
2 min evacuation

m Other runs Included:
= 20 sec without evac

= 40 sec without evac
m 120 sec with evac




AS Chamber B Characterization
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CASR Chamber C Characterization E

m Circular diffuser
™ Iyl located In top of
~ chamber
m 120 sec of
developer followed
by 110 sec dwell

and evacuation of
60 sec
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Chamber C Characterization
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CAS hamber D Characterization

Chamber contains two jets, at
approximately ¥4 and %4 of the
chamber length

Jets located below rollers

Typical operation of 5 sec developer
application followed by 10 min dwell
In chamber




ASR

Chamber D Characterization
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CASR Manual Spray Application

m Low pressure, high volume spray

m 5 and 25 sec runs completed using lobster cage with
cracks in D, S or U position

m 60 and 120 sec runs completed with samples all in U
position

VR | e | BT
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AS Manual Spray Application

BA-AVG
Manual Spray BL-1
A BL-2

O BL-3
Manual spray - 5 sec - D
Manual spray - 5 sec - S
Manual spray - 5 sec - U
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Manual spray - 60 sec - U
Manual spray - 120 sec - U
Manual spray - 120 sec - U
Linear (Manual spray - 5 sec - U)
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U
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U
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CASR Importance of Sample Orientation

= Completed POD study
which correlates
brightness to
detectability

Used two sample sets,
two Iinspectors under

multiple UV intensity
level, white light level
combinations

Evaluated indication
location (top or bottom)
of panel

Significant differences
can occur




CASR Importance of Brightness

m POD is correlated to
brightness

Increasing intensity
from 1000 to 3000 did
slightly improve POD
but Is within statistical

error
| A T POD wth fe=0 Su rface B

] ' —— POD with fc= 0 Surface=T
4 ‘llllll- —— POD with fc= 1 Surface=T

Increasing whitelight

contamination led to 0 e = | T PODwiR = 1 Surface- &
reductions in POD . 0.10 1.00 10.00  100.00
90/95 pOint AvgBright (mW/cm”2)
Additional studies

planned to determine

when transition in
detectability occurs




CASR Preliminary Conclusions E

m Developer application by dip/drag yields brighter
Indication than with any of the developer
chamber or wand application methods

= No indications were “lost” but detectability
Improves with brightness — optimal process will

yield bright indications

= Improved understanding of the relationship
between brightness and detectability would be
beneficial

m Characterization method for typical chamber Is
needed




CASR Characterization Methods

Ref: Tom Dreher ATA NDT Forum, 2004
m Utilized “worst case”

configuration for the
sample for
comparison to
dip/drag

Vertical Run Set-up

= Digital camera used
to record indication
response for
comparison




CASR Characterization Methods

Ref: Tom Dreher ATA NDT Forum, 2004
KDS Panel 15t Baseline Dip vs. Cabinet 1

Horizontal Cabinet Run After Vertical Run




CASR Lessons Learned — So Far E

m Developer application is critical to overall FPI
performance

= Sample orientation matters

= Avoid barriers that prevent direct application of the
developer

m Ensure chamber configuration or part handling

fixtures (rollers, baskets, etc.) don’t hamper
application

= No metal-to-metal contact

= May require multiple trips through the chamber to
ensure adequate coverage on all surfaces
= Additional studies underway to understand
relationship between developer coverage and
Indication response




