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Figure 1. Frogram Plan for “Enginesring Stdies of Cleaning and Drying Frocess in Preparation for
PP,
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[image: image2.png]Project 2: Insarvice Inspection Toam Mombers:
HW: Andy Kinney, James Hawkins

Task2 Inspoction Developmant 15U: Brian Larson, Rick Lopez, Lisa
Transtions to Aine Brasche
Maintsnance ‘GE: Tery Kessler, Charfie Loux
Subtask 225 Engineering Studies of Cleaning  PW: Anne DIOWllr, Brian MacCracken,
and Drying Process in Kevin Smith, et Stevens, John Livly
Proparation for FPI .

‘Students: None

Program Initiation date: February 7, 2000

Objectives:

« To estabiish a quantfiable measure o cleanliness including the minimum conditon to alow
effectve inspoction processing.

« To establish the offectof local tching on detectabilty and provids guidance on best practices
for removal oflocal surface damage from FOD and other surface anomalies.

+ To determine the effectof chemical cleaning, mechanical clearing, and drying processes on

the detectabilty of LCF cracks in anium and nickel alloys that would be typical in field run
hardware.

« To updste existing speciications to reflect the improved processes and provide best practices
‘Gocuments for use by the OEMs and airines.

Approach:

The overall approach to the FP studies is shown inthe following flowchart with details provided
the text that follows.

Liferature and Indusiry Survey: The effects of cleaniness, cleaning method, and ciying method on
penetrant inspectabilty will be evaluatad. As a st step, a eview of the terature related 1o FPI
processes and cleaning and ciying methods will be conducted. Literaure related to cleaning
processes as wellas NDE processos willbe roviewed. Existing CAS lterature review data will
serve as a staring point.

A survey of curment practices used by the OEMs, airines, and tird party maintenance shops will be
conducted to determine the existng "tate of the practice”. Potentil partners wil be identfied for
participation n the ollow on studies on fleldod hardware. A team meeting will be held o identiy
the cleaning methods and drying methods to be studied and the contaminants of concem. Other
organizations not pariipating in ETC will be invited to attend the moeting and coordination with
other relevant programs will be maintained. A design of experiments approach wil be considered
i ondsr 1 optimize the use of the rasuls. A 36t of 40 specimens, 20 ttanirm and 20 nickel wil be.
generated by CASR staf.
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[image: image3.png]Assessment of Cleaniness on Inspecability: A major concer for the inspector is the cleaniiness.
of the partto be Inspected and the Impact thatsurface condition will have on detectabilty, with the
question often being asked, “How clean is clean?” Some effort has boen undertaken to provide:
quidance Inthis area n the most racent version of SAS 2647. An engineering study wil be.
performed o assess the utiity of these metrics through on-sit evaluation at arine shops using
field un hardware. LGF blocks wil be used to estabiish a baseline and for comparison across test
sites. A matix will be generated that establishes the effectiveness of various cleaning methods in
removing general casses of typical contaminants. i expected that various operational
conditions, types of cleaner equipmentisystems, cleaner type, cleaner concentration, process
parameters, and alloy ypes will be considered. Appropriate data willbe gathered on the field
systems used n the study such as chemical concentration of the cleaning soluons, temperature,
etcto allow comparison between systems and to approved process parameters. Guidance on the
effect of ceaniiness on penetrant nspectabity will be provided In the form of a cleaniiness matrix
that summarizes cleaning process effectiy for various contaminants.

‘Assessment of ihe Efact o Gleaning Melhod on [nspeciabilly: Given a definition of the required
cleaniiness from the effort above, an engineering study to amive at the effectof leaning methods
‘on detectablty will be performed using LCF blocks. Potentialcleaning methods to be considered
include

+ aqueous degreasers

+ utrasonic cleaners

o plastic medi blast

o water ot last

+ solvent cleaners

+ etching processes (local o)

+ chemical cleaners for both Ti and Ni

+ vapor degreasers.
Local etching of FOD and other ocal anomalies to remove smeared metal and improve crack
detectabilty is @ common practice. An evaluaton to define optima local etching practices wil be.
performed. Parameters within the global cleaning process which may need to be considered
consistof degroe of agiation, ime spent n tanks, degree of conceniration and post-ciean,
particuiate size and content, pressure, otc. The effect of cleaning methods on background, wetting
characterisics residual tress, and crack detectabilty wll be assessed. A malrx wil be generated
‘which establishes the detectabity s a functon of the selected cleaning processes and provided
5.2 final product of the study.
‘Assessmentof the Drving Method on Inspeciabilt: Once the part s appropriately cloaned. tis
‘essental that all luids be removed from any rejectable defects such that penetrant solution can
casiy enter the iaw. Definion and adherence to appropriate ying times and temperatures is
critical to ha ovral effectiveness of the FP3 process. Anengineering study wil be performed to.
establish the optimal drying process parameters. Potental drying methods fo be considered
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[image: image4.png]include ai crying, oven drying, and flash drying. Intial studies will utizs if blocks with final
recommendations to be based on actual engine hardware. A matrix that defines the effectof
drying parameters on detectablly will be generated.

‘Development of Best Practices Document: The final stage of the work wil be generation of a best
practices document that provides guidance t the OEMs and aifines and will allow for any
necessary specifcation changes. An assessment wi be made of the need for futher work such
53 formal POD study and recommendations provided.

ObjectivelApproach Amendments: Objective and approach were discussed and detalls were:
‘added to the approach i the February 2000 kick-off meeting.

Progress (January 1, 2004 - March 31, 2004)

“The fina report (version 2) was subifted to the FAA in July with the first set of revisions made and
a resubmital (version 3)in August. Version 4 of the report was submitied on October 15,
‘Comments were provided by the technical monitor and version 5 was submited on Februrary 27.
Version 6 modifications are underway for submital to FAA by October 31, 2003, The conclusions
of the work as reported i the earier quarterly reports are as follows:

Drying study observationsirecommendations:

« Statistical analysis of brightness and UVA lengths did not reveal significant differences
between the two diying methods at the tomperatures used in this stuy, L. flash drying at
150° and oven drying at 225°F.

« Potential factors that were not considered in the curent study are the effect of thermal
mass, geometrical complexites of engine components, poteniial differences in penetrant
level, and a range of drying temperatures. The study was also lmited 1o crack sizes less
than 0,146 with the majortyless than 0.080". Additonal studies that explore these factors.
‘and include larger crack sizes are planned in a future FAA funded progran.

= While significant diferences were notfound in tis study botween the two mathods, the
importance of process monitoring and controlfor either method should be emphasized in
‘spociicatons, standard pracice docaments, ard VEningigUiance mawnis's. Without
‘careful adherence to the recommended practices, reductions i detectabilty can ocour with
either method.

= Acomparison of the resuts of quantiative brighinoss measurements such as complated in
this program and the more traditional POD study, Le., such as Mil Standard 1823 is
recommended.

Cloaning study observations recommendations:

« Effective cleaning methods exist fo removal o ol contamination for both ttanium and
nickel aloys without being detrimental o the FP process.
« Development o adiional cleaning methods for ttanium is needed. For Ti parts that

‘experience high temperature exposure, the evaluation of @ mut-step process ncluding an
acid descaleris rocommended for consideration.
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[image: image5.png]Use of some alkaline cleaners lead to reducton in FP indication response. Further studies
are recommended to determine if the cause i ineffectve cleaning or akaline cleaner
residues which negatvely affect the fluorescence. Differences were found between
claaning processes used for ttanium and nickel which wold benefitfrom further study.
Furtherstaps o improve the resistance of penetrant soutions tothe effect of akaline.
cloaners would be of value.

Use of wet glass bead, piastic media at 80 psi, and larger gt (240 and 320) ALOs ed to
surface damage and loss of FP! ndications which were not recoverable with subsequent

chemical cleaners or baseline processing. Steps 1o prevent their use for components that
Wil undergo FP are recommended.

Use of plastic media st 40 psi, ;05500 grit, and walnut el led to acceptable
perfommance, .., the samples wer clean with no observable surface damage and no
reducton in FP response. However, the FP! indication response was improved when the
madia blasting process was followed by a wet process. Addiional data is needed to
determine If 2 wet chemical process is needed o arive at the improved performance ora
water wash step would lead 1o sufficient improvement. Changes o industry specifications
and practices that recommend media blasting processes to be followed by a wet process.
may be required.

‘Surtace cleaniiness s nota suffiient condition o ensure effectiveness of the FP process.
butdata supports that It is @ necessary condition. The crack also has 10 be clean end open
10the surface. Components should appear visibly free of surface conditions such as scale,
o001, andlor cokeivamish, prir o fluorescent penetrant inspection.

The four step process for cleaning ofnickel was effective i removing “baked-on”
contaminants, incuding improving the FPI response after media biasting processes. A
similar process would be useful for contamination of ttanium components with remaining
‘samples from this program avalable or the development. Preliminary data generated in
this program indicates that pemnanganate and acid descaler may be useful steps in such a
procass. Consideration of  hot fine process for ftanium is recommended.

Further characterzation of ltrasonic agitation used with alaline cleaners would be of

value including evaluation of the contributon of bath temperature and concentration on
claaning effoctveness.

‘Addiional data on akaline gelcleaners is needed for both engine and alrrame materal.
Factors to be addressed include both effectiveness of the cleaning method s well as the
occumence of potental residue from the cleaning process.

Potantia factos not considered in the present study inciude fatigue cycling while at
temperature which couid lead to dferent crack morphologies and contamination products

thatthe serial processing (fatgue follwed by temperature generated contaminstion) of this
program.
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[image: image6.png]Hot water study observations/recommendations:

Exposure of samples to water and ultrasoric agitaton in water led to raductions In
brghtness with the results more severs with ultasonic agitaton. UT H20 led o lower
brightness in al but one Gase with less impact on length valuss. Water should be
‘considered a contaminant which degrades the penetrant process, ndicating the importance
of ciying in preparation for FPI.

Local Etchant Study Observations/Recommendations:

‘Smearing of cracks du o blanding was not easly accomplished In this study. Factors
may include material haraness, abrasive style and coarseness, blending force and dwell
time, and crack opening width. Because the sampies were fabricated from piate stock,
comelation between abilfy o blend these samples and forged materals typical of engine:
disks may not be warranted.

Severalfactors or a combination of factors may lead fo an observed decrease in crack
detectabity by FP! afer blending including metal smearing, imbedded blending meda, or
retained acid etchant within the crack.

Because of dificuties in amiving at a controlled surface conditon in the fied environment,
‘additional efforts to understand the effectng of etching practces on FP1 detectabilty s
warranted.





