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« To develop a high sensitvy utrasonic inspecton of tanium forgings utiizing a 11128" (#4)
FBH calibration target dgital c-scan image acauisiion, and signakio-noise rejection critera
target without significant cost increase.

+ To demonstrate the new techniqus in @ producton environment over an extended period o
etermine s feasibiity (both cost and readiness) as a producton inspection.

Approach:

Eoraing Selscton and Preparation: Select one representative forging design from each of e
(OEMs for use throughoutthe duraton of this subtask.(both Inspection development and
demonstration). Selecton criteria wil incude:

« forging shapes that address generic concems siich as effects of curvature, surface condition.
and part thickness

+ forning materal and microstnucture

+ forging cost

+ production volume and schedule

‘Sensitiity and coverage maps wil be developed for the selected forgings using model-based toois.
(CAD fls will be provided to 1SU by each of the OEMs forthe selected forging geometres.
Partcuar atienton will be gven to the effec o curved surfaces on inspection sensitvity relative to
fat surface sansitivy. Calibration standards will be designed 1o cover the range of metal travel
‘and curvatures found on the selected forgings. Plans include two sets of siandards in order to
Support muliple member involvement.

Transducer Desian Models: Fixed focus and phased aray transducer design models wil be
reevaluated in detail o determine reasons for iscrepancies between predicted and measured
subsrfaca focused transducer behavior observed during Phase | work. This reevaluaton will
focus initially on assassing how wel the input parameters used for the models represent the
Physical behavior o the ransducers. This efort wil begin as part of Task 1.1 and 1.2 which wil
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[image: image2.png]‘concenirate on fixed focus transducers. Two blocks (one for fixeckfocus and one for phased array)
suitableforthe evaluation of subsurface focused transducers will be manufactured 1o provide
‘experimental data with consideration given to samples available in 1.3.1. Based on this exercise,
‘modifications wil be made to model input parameters o 1o the model code to mprove the
prediction accuracy. Attention wil also be paid to sefection of transducer materials with consistent
‘and measurable properties, for example the machining of lenses ffom solid materal rather than
using castin-place epoxy. Coordination with transducer and systom vendors is expacied with the
‘objective of ensuring that resuls of this effrt impact the performance characterists of fture.
products used in et engine inspectin.

‘Sutace Fiish Effects: The effect of surace finish on inspectabity will be determined. Surface
finish requirements are anticipated t be more stringent at the higher sensitvty inspeciions.
necessary forforgings (compared to bilet) and will be a focus of study n this subtask. Empirical
and theoretical approachas wil be used 1o assess the relationship between surface finish and
inspectabiity. Empircal sudies wil be imited to 100 machining passes spread across five 13"
diameter by 2" thick pancake samples. Resauls wil be implemented in the LT modeling toos

Iranscucer Dosign and Salecticy: The ulrasonic beam properties (frequency. depth-of-ield,
diameter, bandwidth, mode, etc.) required to produce an acceptabie 1/128" FBH calibration (FBH
@ 0%, Ti grain noise < 50%) willbe defined. Fixed focus transducers for fla enty surfaces will
e designed, manufactured, and evaluated using appropriate ETC test specimens as necessary.
An assessment of the transducers (producing the above determined ultrasonic baam properties)
necessary o nspect the three OEM forgings will be made. Any additional required transducers wil
be designed and manufactured. A commercialsource for such transducers will be established.

Productivty Improvement; It was shown in Phase | that inspection sensiiviy improvements wil, in
generai, increasa the time required for the nspection. Fixec-focus transducer inspection
‘approaches have the acvantage of being expandable (in an economical fashion) o nclude the
collecton of data rom multle transducers simultaneously. This approach has the pofential to
offset the productiviy osses which wil Iikely occur from the ncreased inspection sensitiviy
required by this task. In order to meet the inspocton time goals for s task, a study will be made
of the OFM forgings to determina potantal amas of productity improvemant. A maximum
productivity approach wil be defined and developed for evaluaton inthe laboratory demonsiraton.

Fixed Focus Laboratory Testhed: Laboratory testbed for the development and evaluation of the
fixed-focus nspection approach for a 1/128" FBH calibration forging inspection with digital c-scan
‘ata acquision and SNR based rejection critrion wil be established. Addtonal ransducers
nacessary o nspoct the OEM forgings wil be designed, manufactured and tested. Scan plans for
the selected OEM forgings will be developed with model-based support. A limited number (1-2)of
‘each ofthe selected orgings wil be inspected per the scan plan. Performance of the fixed focus
inspection approach forforging inspection will be documented. Aflemative inspection technologies
will be denified using the experience base of the four partners, as wall s NTIAC.
‘Phased Aray Inspection: An evaluation willbs made of available phased array technology to
‘etermine which are potentaly production-ready and capable. At this time, the digtal focused
‘amay transducer system DFATS annular phased array and the RID Tech 2D aray are known as
possible candidates. Development work on these approaches will e fimted to bulding one sensor
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[image: image3.png]‘assembly for each approach I suitable sensors are not aiready available at the OEMs. Evaluation
Wil be performed on appropriate ETC test specimens with both fat and curved sound entry
surfaces. Itis expected that phased armay approaches willbe necessary o arrive atthe necessary
‘sensitviy through curved surfaces. Arrangements will be made o accommodate full team
participation fo al of these evaluations. The results wil be reviewe 1o identiy a preferred
attemative inspection tachnology. The review will consider inspection performance, equipment
cost and complexity, operating speed, patenta for productivity improvements, and other
implementaton factors.

Phased Aay Laboratory Testbed: A laboratory testoed for the development and evaluaton of the:
atemative Inspection approach for a 1/128" FBH callbation forging inspection with digitalc-scan
data acquisiton and SNR based rejecton criterion wil be established. Addtional ransducers
necessary o inspect the OEM forgings wil be designed, manufactured and tested. Scan plans for
the selected OEM forgings wil be developed. A lmited number (1-2) of each of the selected
forgings will be Inspected por the scan plan. The ful descripton of the testoed is not known at this
time because of s dependence on the Intial assessment. An amendment and appropriate request
forfunding wil be prepared n consultation with the FAA when the detals are completed.

‘Factory Testbed. Evaluation and Demonsiration: The laboratory resuls from the fixec-focus and
atemative inspection method will b reviewed to denty a preferred configuration for factory
demonstration and potential implementaton. The review will consider inspection perfommance,
equipment cost and complexty, operating spesd, and other implementation factors. A hybrid
systom using fixed focus and an aliemative inspecton technology will be considered as partofthis
evaluation. The chosen configuration will be used to perfor factory evaluation of 30 forgings at a
producton inspaction faciy. A production testbed with digitalc-scan data acquisiton will be
established forthe evaluaton of the 1/128" FBH calbraton forging inspection technique. (Thi

‘may include the purchase of additonal capial equipment f none is present at production
inspecton faclty or available for loan from a consortum member.) Scan plans for the selected
(OEM forgings willbo writen by the respective OEM with ISU providing support using the
Inspectabilty model tool. Atention wil be given to maximize productiviy (1o minimize any cycle
time impact caused by the higher sensiivi) for the inspection during the producton testbed
design and scan plan development. Any addiional transducers required fo implementthe scan
plans will be designed using the transducer design models and buil using commercial sources. A
total of 30 forgings (10 from each OEM) wil be inspected over the course of 10 months. Noise.
levels wit respect o the calibraton target, and actual inspection tme in hours wii be documented
for each forging and provided to task 3.1.2. Any detectons will be first reported to the responsible:
‘OEM. Up o six indications (from up 1o three saparate forgings) which falthe proposed
‘accaptance limits wil be destructely evaluated to defermine thei cause. Funds o purchase
these forgings are notinciuded Inthe current proposal but wil require an amendment at the time.
“The actual hours for the conventional producton inspection ofthese forgings will be gatherad and
‘compared to the time of th 1/128" FBH inspection to establish a per part cost difierence.
‘Additonl cost components wil include ftems such as system cost, longevity of equipment,
recuring equipment costs, and costs associated with faise calls. An industry demonsiration willbe
held to provide the resuls to the other OEMs and the forging industy. A final report summarizing
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[image: image4.png]the results ofthe technical effot and the final factory demonstration will be wrtte in the required
FAAformat.
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