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Program Initiaion date: Septermber 1, 2002.
Objoctives:
+ Toreduse the curent winerabilties i the Inspectin ofrtor qualy ttanium biles by

‘assessing the variabiltes n the inspecton, dentiying their root causes, and taking steps.
to elminate these causes.

+ Todevelop a baseline of the current, system-level variably of multzone and conventional
biltinspections. Included Is the quanification o the variations in physical and human
factors that nfluence the capabily of current inspectons.

+ Tointerpret the measured varibilty data gathered in terms of oot causes, thereby.
proviing a foundation for nspecton improvement

« To develop and very best practice procedures o reduce various sources of varibilty and
the resutant vulnerabilties of billetinspecton which in tun lead to safety enhancements

« To update the Default Utrasonic POD Curves presenty found in AC 33.14-1 and to
cxmin tho eal-consistency of those curum with othar data.

Approsch:

Assassment of systam-level variabilty and contibuting factors: Important advances in the
inspecton of rotating components of aicraft engines have been mads over the last decade.
Improvements in transducers and inspection schemes have made it possibie o find smaier defects
under well-contrlled conditons. However, in ied practce, the ful benefits of these improvements
are not aways realized due to variabiltes in the inspection process. These veriabiltes introduce
the vuinerabilty that reflectors may be missed under non-ideal conitons, potertialy leacing to
catastrophic failure. Thisis a crucia, safey reated issue. The conirbuting s0urGes of process.
Variations need to be quantified before the inspection peformance can be properly assessed and
improved.

Various data sourcas wil be analyzed to quaniify the current baseline variabilty of leld
Inspections. Each of the OEM partners will make available o the team data that has boen

Quartey Report Januay 1, 2004 - Marh 31, 2004
/2572004 7206 74





[image: image2.png]obtained in ntemal studies of variabity. Tis data, along with other data that has been developed
in Phases | and lof the ETC, willbe analyzed to extract as much information as possible about
cument varabilty. Based on those res.its, a more comprehensive set of baseline measurements
willbe conducied o fully quaniify curent variabily at multiie sités. Inciuded will be the design of
the experiment, the fabrication of the sample, preparation of writien nstructions, the conductof the
measurements, and the enalysis of the data. It s anticipated that two samples will be used, one
containing naturally occuring flaws and the other containing synhetic flaws since the variabities
may be diflerent for these two different classes of defects. At each site, the measurements will be:
‘quided by an ETC onsite coordinator, who will aiso be responsibe for other data to be gathered at
the ste as identified below. Factors to be considerad include process contros such as
(transducers (e.g. varabilties of theirfocusing properties), set-up (0.9, varibiliies in the proper
alignment o the probe) and caliration; accept-reject crieria and the infiuance of operator
decisions on detection; material properties incucing distrbutions of noise levels as a functon of
me, supplier, and billet diameter; and billet surfacelsonic inferface. Resus will b tabulated for
use in root cause analysis. Included will be the following information:

« Quantfication of the system-eve variabiy for conventional and multizone billetinspection
systems

« Quanification of the variabiltes of several factors that controlinspection performance:
process control including transducers properties, operator set-up, and calibration), accept-
eect critaia, material popertes, and bile surfacaisonic nterface

+ Tabulation of representative materal properties and strface condiions found inthe field
and their relationship to inspecton performance

dentifcation of oot causes: The interpretaton of the measured varabilty data i terms of root
causes and consequences for POD will be made more effectve through the use of physical
models. Models provide a basis for assessing the relative contibutions of set-up parameters,
materialnoise, surface roughness, and flaw morphology on inspection results. Models that
‘quaniify each of these efects have been developed and considerable experimental veriication has
taken place, with some additional experiments needed to complete the verficatio for he effects of
certain parameters. The verfication experiments wilbe completed and then the modes used to
terprot the experimenal observations described above in terms of the foot causes of inspection
variablty. The key questions of both “how smallof a flaw can be found" and “how large of a flaw.
might be missed” wil be addressed, sach from a probabilstic perspecive. The first step of the.
program will be sensitvty studies. Simlations based on physical models will be used o ientiy
the paramatars having the most influence on the inspection results. These results wil be used to
‘uide the selection of aboratory experiments neaded to complete the verfiation to provide input
101the design of mult-site experiments describe above, and to examine the interaction of mltple
parameters. Verication wil be compieted in two steps. Recenty completed sensitivty studies will
st be verfied at each pariner location t provide a common basis of understanding. Based on
these results and the results of the further sensitiviy studies to be conducted in tis program,
‘additional experiments wil be defined, samples will be acauired or fabricated, and messurements.
Willbe made and interpreted. Flaw response models willbe provided to the OEM's or theirintemal
use. Data gathered in the multisie experiments will bo interpreted interms of the factors that have
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[image: image3.png]the most infuence on inspecton resuls (6. ransducer angulaton i two directons, focallengths.
of probe, noiss/atienuation n calibation standards, etc.). Included will be the development of a
statstical procedure to pocict the effects of various set-up factors, which are also input variables to
the model,on the inspection variabilty. The sirategy willbe to assess how much of the overall
system-vel variabity can be accounted for by process control factors. Statisical analysis il
also be used to assess the accept-reject data and materials propertes effects Le., the nfluence of
microstructure on the inspecion variabilty. Two distinct physical issues willbe considered. In the
multizone approach, there are two accept-rejoct criteia, one based on absolute signal level and a
‘second based on SNR, with the atter gonerally being responsible for a greater raction of e
refocts. The first physical isus will be an examination of the effects o noise level on the SNR-
basad rjection critria. Ciearly,bilets with greater noise levelwil have  lower probabilty of
delection of weaky reflecting flaws. In addition, the noise and other microstructural effects wll
Increase the variabilty of e iaw signals, again contibuting o the overall syste-fevel variabity.
Using existing physical models for these effecs, statistcal procadures will be used to quantiy their
effects on POD. This willbe used to assess how much of the overal syster-level variabily can be
‘accounted for by materals propers factors. Statitical procedures will be developed to predict
the effects of roughness on inspection performance.

Upon completion of dta analysis, satistical procedures will be developed o convertsignal and
‘SNR variaton into calculation of POD. Those will be used to examine the influence on POD of the
various factors, with the resuits being compared 1o the defaut POD factors. It shouid be:
‘emphasized that these calculations are anticipated 1o be more optimIstc o the defaut values
because the effects of flaw morphology are ot being considered as a source of variabity. This
‘work will be conducted in @ modular fashion, such that the tools and procedures developed will
have the generaity needed to guide the ntroduction of future improvements in the technology, e.g..
phased amay. Included among the outputs wil be the folowing items:

+ Analysis of the variabilty data in terms of a qualty measure such as POD that evalutes
the effectiveness of the inspection, ncluding the identiication of the role of indvidual
factors

= Wentifcation of oot causes of unsstisactory systam-irws! varabilty

« Asetof physical models that describe the sensitly of inspections 1 various process,
materals and geometrical paramelors and that can be used by the OEMs to guide the
design of improved inspections

Comactive actons to reduc vulnerabiliss and enhance safety: Upon the completion of
‘assassment of variabilties and identification of oot causss efforts, a good nderstanding of the.
‘magnitude and oot causes of the variabifies in billet inspectons il have been developed, and
the OEMs wil have in hand tools o guide the reduction of these variabiles. This knowledge will
be used 1o reduce the contbuting sources of inspection variaions and thereby improve POD and
‘onhance safety through the Development of spacificaons of improved inspection process
procedures including set-up, transducer speciications, caliration standards. Each of these
achities wil includs Interaction with suppiars on tha efects of possible changes in inspecton sat-
uplproceduree.
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[image: image4.png]A “best practices’ document will be generated based on the team's research and the vendor input
‘The efficacy of these practices wil be tested n a controlled aboratory environment a th faciifies
of one of the ETC partners, using the acquired transducers and calbration sample. Anticpated
‘changes include:

 Recommendations for improved aigorthms to assist operators in making acoeptreect
decisions.

« Specifcation of acceptable noise levels and surface conditions needed to reaiize
partcular POD lovel

+ Detormination of signal variabifties and POD when inspectons are performed in
‘accordance with these "best practices”

Update to Default POD curves: Orginal analysis to generate default POD curves in 1996 was.
based on 24 naturally-occuring, crackedivoided, hard-alpha-related inclusions for billes and 14
naturaly-occuring,crackedivoided, hard-alpha-related inclusions forforgings detected with
‘convertiona inspecton methods. These were alla part of a database known as the GEAE 3D
‘database. Of the entries, a number had incomplete fiaw size and/or ampittude iformation
(responses excsding 100% were generally not quantified). Analysis was based on a modified
version of the GEAE "Effective Reflectivty” Method. New sources of information that have become
‘availabl since 1996 and analysis of the composite of this new and old information in a way
analogous to that employed in the generaton of the 1966 defauit POD curves wil be the subject of
this portion of the program. Since the time thatthe default POD curves were produced, more.
experimental data has become avallable. Most important i the information that has been obtained
In the CBS study, whose analysis Is now complete. Other possibie sources of information inciude
the JETQC database, atthough it s not clea that suffcient information has been collected to
support POD analysis. Those data sefs will be reviewed and the subset with sufficent nformaton
will be selectod for POD analysi. It should be noted that the dta from the CBS is likely o be.
fundamentally iferent rom that in the GEAE 3D database. This Is because the latter data were.
gathered in a conventional Inspection while the former were detected using a mulizone systern.
However, some of the 10 CBS data were found by conventional as well as multizone inspecions.
“Th toarm will decide how t uat tis data given that t s the result of iferent types of
inspectons. twould seem fikely thatall conventional data could be pooled, and the knowsdge
that somo additional defects were detected by mutizone but missed by conventional inspections
will provide adtionalleverage. It s not clar tha there are enough multizone points to Support a
‘separate analysis of this data. The selected analysis procedure will be exercised on the data sets.
‘The default POD curves will be updated within ix months after progra start and at appropriate
points during the program. Additional outputs will be a confinuous re-examination of the default
POD curves in the light of improvements that e being developed in the other parts of the task.

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

Notechnical effort occurred during this time frame. Discussion dd occur to plan for & oint mesting
Wih Floyd Spencer of AANC. This meeting is lanned for May 2004.
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