
Empirical POD StudiesEmpirical POD Studies

Irving Gray,

NDE Technologies, Inc.

Status Report for MAPOD-WG 
For June 2005 Meeting



AcknowledgementsAcknowledgements

•• Mike Bode, SandiaMike Bode, Sandia
•• Dave Galella, FAADave Galella, FAA
•• Floyd Spencer, SandiaFloyd Spencer, Sandia
•• Dave Forsyth, NRCDave Forsyth, NRC--CNRCCNRC

•• John Aldrin, Computational ToolsJohn Aldrin, Computational Tools



Goals for the Goals for the 
nonnon--Model POD ReviewModel POD Review
•• Identify any past failuresIdentify any past failures

–– No equipment calibration characterization done ( FAA No equipment calibration characterization done ( FAA 
737/EC, Engine Disk data, 737/EC, Engine Disk data, ……))

•• Literature reviewLiterature review
•• Identification of Primary Research Centers and Identification of Primary Research Centers and 

Principle ResearchersPrinciple Researchers
•• Compile a list of POD methodsCompile a list of POD methods
•• Identify Primary Industries using POD methodsIdentify Primary Industries using POD methods

•• Availability of sample setsAvailability of sample sets



Prior WorkPrior Work
•• Have Cracks will TravelHave Cracks will Travel
•• ……

Three Decades of NDI Reliability Three Decades of NDI Reliability 
AssessmentAssessment** –– RipudamanRipudaman SinghSingh
* Provided by * Provided by KartaKarta TechnologiesTechnologies



RESULTSRESULTS
TO DATETO DATE



Material Provided for Material Provided for 
MAPODMAPOD--WG WebsiteWG Website

EC Model Review**EC Model Review** –– Norio NakagawaNorio Nakagawa

UT Model Review**UT Model Review** –– Lester W. Schmerr Jr.Lester W. Schmerr Jr.
** ** Provided by NDE Technologies, Inc. with funding from Phase II SBProvided by NDE Technologies, Inc. with funding from Phase II SBIR with AFRL IR with AFRL 

NDE/BranchNDE/Branch

Pending Pending 
ISU ISU 

ApprovalApproval



Types of StudiesTypes of Studies

•• Procedure Assessments (PA)Procedure Assessments (PA)
•• Equipment Calibration (EC)Equipment Calibration (EC)
•• Full POD (with/without Human Factors)Full POD (with/without Human Factors)
•• Parametric StudiesParametric Studies

•• Performance Demonstrations (PD)Performance Demonstrations (PD)
•• POD empirical (PODPOD empirical (POD--e) (PODe) (POD--m)m)
•• ROC & Clinical Trials (ROC)ROC & Clinical Trials (ROC)



ExamplesExamples

•• FAA Reports and StudiesFAA Reports and Studies
–– Mike BodeMike Bode

•• Nuclear Power ExampleNuclear Power Example
–– ““Estimation of Probabilities of Detection for Estimation of Probabilities of Detection for 

Cracks in Pipes in Swedish Nuclear Power Cracks in Pipes in Swedish Nuclear Power 
PlantsPlants”” LinaLina TidstrTidströömm



Literature ReviewLiterature Review

–– TheoreticalTheoretical
–– ApplicationsApplications
–– Full Studies Full Studies 

•• Collected 80+ articles and referencesCollected 80+ articles and references

•• What is to be done with them?What is to be done with them?



Full Article AccessFull Article Access
•• PDF formatPDF format
•• ISU Library SourceISU Library Source
•• NonNon--ISU accessISU access

–– CopyrightCopyright
–– $$

•• AF RestrictedAF Restricted
•• PUBLIC ACCESSPUBLIC ACCESS

–– FAA, FAA, ……
–– Cut a CD?Cut a CD?
–– Internet accessInternet access

Restriction 
Levels

1. View

2. View, Enter & Modify

3. Full Text Access

1. ISU

2. AF

3. Other

4. Administrative



Resource ServerResource Server

•• InputInput
–– ManualManual
–– Auto Feed (Auto Feed (EndNotesEndNotes)*)*

•• OutputOutput
–– Search ReportsSearch Reports
–– Full ArticlesFull Articles
–– AbstractsAbstracts
–– Input to Input to EndNotesEndNotes**



Resource Server ExamplesResource Server Examples
Programmed by Programmed by 
Todd BradyTodd Brady



Resource Server ExamplesResource Server Examples



Resource Server ExamplesResource Server Examples



Resource Server ExamplesResource Server Examples



Resource Server ExamplesResource Server Examples



Why not just Google?Why not just Google?
•• NDE to us isnNDE to us isn’’t t 

– IndyMac Bancorp Inc (NDE)
–– Near death experience Near death experience 
–– Nebraska Dept of EducationNebraska Dept of Education

•• POD to us isnPOD to us isn’’t t 
–– Payable on DeathPayable on Death

•• CanCan’’t perform a detailed focused t perform a detailed focused searchssearchs
•• Limited Full Text access & unknown qualityLimited Full Text access & unknown quality



Detailed Focused SearchingDetailed Focused Searching

•• Search for Round Robin Eddy Current Search for Round Robin Eddy Current 
studies done within the last 5 years in the studies done within the last 5 years in the 
US or UK on Ti Aircraft components.US or UK on Ti Aircraft components.

•• ……



Review MethodReview Method
–– Location/Group Location/Group 
–– SponsorSponsor
–– Problem Problem 
–– Sample TypeSample Type
–– Model Model 
–– Simulated Factor Simulated Factor 
–– POD POD 
–– PFA / POFC PFA / POFC 
–– Equipment Equipment 
–– IC IC 
–– AP AP 

•• Flaw Size Flaw Size 
•• Flaw Range Flaw Range 
•• Flaw OrientationFlaw Orientation

–– HF HF 
–– Cost / BenefitCost / Benefit

–– Industry Industry 
–– Material Material 
–– Modality Modality 
–– Study Type Study Type 
–– Validation Validation (Model Validation (Model Validation 

and POD Validation) and POD Validation) 

–– Flaw TypeFlaw Type

–– MAPODMAPOD--WG RATINGWG RATING

Title, Pub Source, Pub Year, Title, Pub Source, Pub Year, 
Author, subAuthor, sub--Authors, Keywords, Authors, Keywords, 
AbstractAbstract From Citation (e.g., From Citation (e.g., 
EndNotesEndNotes database searchdatabase search







IndustryIndustry

•• AERO AERO = = Aerospace Aerospace 
•• NN = = Nuclear Nuclear 
•• PVPV = = Pressure Vessel Pressure Vessel 
•• PIPEPIPE = = Pipeline Inspection Pipeline Inspection 
•• C/PC/P = = Chemical / Petroleum Chemical / Petroleum 
•• OSOS = = Offshore Offshore 
•• MANMAN = = Manufacturing Manufacturing 
•• MEDMED = = Medical Medical 

•• OtherOther



MaterialMaterial

•• Al, Al356, Al7075, Al, Al356, Al7075, 
•• TiTi--T6 T6 
•• Steel Steel 
•• CompositeComposite

•• OtherOther

[ Possible future link to MatML ][ Possible future link to MatML ]



ModalityModality

•• EC EC = Eddy Current= Eddy Current
•• EC EC -- Pulsed Pulsed = Pulsed Eddy Current= Pulsed Eddy Current
•• UT UT = Ultrasound= Ultrasound
•• UT UT -- Phased Phased = Phased Array Ultrasound = Phased Array Ultrasound 
•• AC AC = Acoustic= Acoustic
•• UTUT--L L = Lamb Wave= Lamb Wave
•• RT RT = Radiographic= Radiographic
•• CT CT = Computed Tomography (RT)= Computed Tomography (RT)
•• MTMT = Magnetic Testing= Magnetic Testing
•• VT VT = Visual = Visual 
•• Thermal Thermal 
•• FPT FPT = Florescent Penetrant= Florescent Penetrant
•• OtherOther



Study TypeStudy Type

•• EXP EXP = Experimental Only= Experimental Only
•• MOD MOD = Model= Model--based Only based Only 
•• EX&MOD EX&MOD = Experimental and Model Assisted = Experimental and Model Assisted 
•• EMP EMP = Empirical Only = Empirical Only 
•• EMP&MOD EMP&MOD = Empirical and Model Assisted = Empirical and Model Assisted 
•• ALL ALL 
•• OtherOther

ValidationValidation (Model Validation and POD Validation) (Model Validation and POD Validation) 
•• Yes (destructive examination, CT scan, Yes (destructive examination, CT scan, ……))
•• No No 
•• Partial Partial 
•• OtherOther



Flaw TypeFlaw Type

•• AA--FBH FBH = Artificial Flat Bottom Hole = Artificial Flat Bottom Hole 
•• AA--EDM EDM = Artificial Electronic Discharge = Artificial Electronic Discharge 

Machining Machining 
•• AA--F/C F/C = Artificial Fatigue Crack = Artificial Fatigue Crack 

•• RR--C C = Real / In service Crack = Real / In service Crack 
•• RR--CorCor = Real / In service Crack = Real / In service Crack 

•• SS--C C = Simulated Crack = Simulated Crack 
•• SS--CorCor = Simulated Corrosion = Simulated Corrosion 
•• SS--C/C/CorCor = Simulated Crack with Corrosion= Simulated Crack with Corrosion



Flaw Type Flaw Type -- continuedcontinued

•• CIDSCC CIDSCC = Circumferential inner diameter stress corrosion crack/cracking= Circumferential inner diameter stress corrosion crack/cracking
•• CODSCC CODSCC = Circumferential outer diameter stress corrosion crack/cracking= Circumferential outer diameter stress corrosion crack/cracking
•• IGA IGA = Intergranular attack = Intergranular attack 
•• TW TW = Throughwall = Throughwall 
•• LIDSCC LIDSCC = Longitudinal inner= Longitudinal inner--diameter stress corrosion crack/cracking diameter stress corrosion crack/cracking 
•• LODSCC LODSCC = Longitudinal outer diameter stress corrosion crack/cracking = Longitudinal outer diameter stress corrosion crack/cracking 
•• ODSCC ODSCC = Outer diameter stress corrosion crack/cracking= Outer diameter stress corrosion crack/cracking

•• Fatigue cracksFatigue cracks
•• CorrosionCorrosion
•• ……

Other?Other?



FAA StudiesFAA Studies

•• EC 737EC 737

NASA StudiesNASA Studies

•• ShuttleShuttle



Commercial StudiesCommercial Studies

•• Pratt & Whitney UT validation and Pratt & Whitney UT validation and 
Transfer FunctionTransfer Function

•• Untold Untold ““proprietaryproprietary”” studiesstudies
–– Small Jet Engine TiSmall Jet Engine Ti--inclusion Xinclusion X--Ray PODRay POD



Air Force StudiesAir Force Studies
Full POD StudiesFull POD Studies
•• EC EC ““tissue boxtissue box”” PODPOD
•• Fast FOCUS Phased Array Ultrasound Fast FOCUS Phased Array Ultrasound –– HertzogHertzog

““minimini--PODPOD’’ss””
DRIP DRIP –– BuynakBuynak & Stephes& Stephes
DR image intensifiers at Tinker DR image intensifiers at Tinker BuynakBuynak & & 
StephesStephes



Nuclear EnergyNuclear Energy

•• ArgoneArgone
•• EPRIEPRI
•• TVATVA



International StudiesInternational Studies

•• TNOTNO
•• Australian NDTAustralian NDT

NRC CanadaNRC Canada

•• Generic Bolt Hole EC on CP140 Aurora Generic Bolt Hole EC on CP140 Aurora 



Savings Estimate  for 
“interpolated” POD’s = 

$650,000 - $1,650,000



SummarySummary

•• Source literature review mostly completedSource literature review mostly completed
•• Reference Server program doneReference Server program done

•• Need consensus on coding categoriesNeed consensus on coding categories
•• Input of references into Reference ServerInput of references into Reference Server
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