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Titanium Bilet Inspection 1SU: Bruce Thompson, Ron Roberts,
Subtask 121:  Inspaction Developmentfor  Frank Margetan
Titanium Bilot ‘GE: Wei L, Mike Kller, Thadd Patton,
John Halase

PW: Kevin Smith, Jeff Umbach, Andre
Degtyar, Harpreet Wasan

-

‘Students: none
Program intiation date: June 15, 1999
Objectives:

« To provide a procedure o account for atienuation effects such that the variaton between
calbration and inspection sensitvy is minimized.

« To demonstrate the ulrasonic equipment and techniques required to nspect ttanium alloy
biles to #1FBH senstvty for 10" diameter and below.

+ To provide an intal assessment of sensitiy at diameters greater that 10"
Approach:

Transducer Design Models: The design models willbe reevaluated i detail o determine reasons.
Tor discrepancies between predicted and measured transducer behavior observed during Phase |
work. This reevaluation will focus intaly on assessing how well the nput parameters used for the.
models represent the physical behavior of the transducers. It s planned to begin with
characterizatin of piezo-slectrc slements prior o the addition of backing materials, and then
attempt to compare mode predictions with experiment at subsequent stages of the manufacturing
process. This wil involve working closely with a ransducer manufacturer with one potental source
dentified. Based o this exercise, modifications willbo made to model input parameters or 1o the
odel code to improve the predicton accuracy. Attention wil aso be paid to selecton of
ransducer materials with consistent and measurable propertes, for example the machining of
lenses from solid material rather than using cast-n-place epoxy. Results will be shared with
ransducer manufacturers 1o allow imprvements in future products both for ETC and the broader
ulrasonic transducer user communty.

Inspection of 10" Diameter Biet: Fixed focus inspection will be the primary technique in tis task.
1 this approach proves inadequate to meat program objectives, viable phased array technologies.
will b reviewed to select a candidate technique with the most potential for meeting the program
objectives in consultation with the FAA.

mgroved fixed focus ransclucers for 10" diameler bilot il D Gesigned. Resus from Phase |
measurements (at 2.25" and 4.05" depths) will be used to cently the best ccimbination offoca)
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[image: image3.png]pot diameter and frequency, and this information will be used to design the complete set of
ransducers." Phase | work indcatas that requency and bandwidih should be increased from
those of the curent producton transducers which are SMHz frequency and approximetely 50%
bandwidth. Two sels of the improved-design transducers wil be purchased. A distance-ampitude
corection (DAC) capabily for the multizono instrumentaton is being developed extemal to the
ETC program with detals to be shared with the ETC. Tris s expected to improve sensiiviy by 1
or 2dB by amellorating the current ituation where high noise in the focal plane ofthe transducer
limits sensitvity at the near and far ends of the depth-of-fel.

aboratory Demonstration on 10" Diametec Billst: Scans wil be performed on the ETC 10°
iameter siandards using the above transducers, and with DAC capabilty added fo current
multizone instrumentation. Work wil be performed at GE QTC, with supportprovided to other
Consorium members to partcipats in the measurements. The FBH ampitudes, noise levels, and
FBH signato-nolse ratios wil be evaluated and compared with measurements made on
producton SMH ransducers during Phase |. A determination wil be made of whether sensitity
level meets the #1FBH goa i al regions of the bllet. Results will be provided to 3.1.1 for
incorporation in the modeling and refiabilty efors.

Honeywell wil also perform  sensitly assessment on smaller diameter bilets using bilets of <&
diameter. The objective wil be to apply technclogy developed in Phase i for larger T billet o
Improve titanium billet inspection in the stated diameter of interest to small engine manufecturers.
Feasibiity demonstation will be conducted inthe laboratory environment with small ttanium aloy
billt using mulizone transducers developed for the smaliestof the large diameter bilets.
‘Additonaly, i ETC chooses to evaluate phased array forbillets, Honeywell will o 5o for the small
diameter bilts. Sensitvty analysis (4FBH) wil be conducted fo various smalldiameter bilets. A
‘comparison i be made with the standard spherical ocus approach.

Aomaiive Inspeciion Approsches (a5 necessary) Ifthe #1FBH goal is not met at ll depths in e
10" ciameter bille, a eview will be held o determine whether o pursue phased array approaches
forfurther improvement. The decision wil take nto account the potential degree of improvement.
associated costs, and implementation issues. This decision s expected to requie funding
changes within the program and an amendment to the existing progra plan. Cos forthis aciiily
are notincluded in the existng funding request. A criical review with the FAA will be held o guide
Gevelopment o urther efforls. Ifthe phased array approach s pursued, available phased amay
approaches and systems willbe surveyed using the experience base of the four partners, as well
5 NTIAC. An evaluation will be made of up to three candidate systems which are potentaly
producton-ready and capable. Systems to be considered include the digial focused aray
ransducer system (DFATS) which uses an annular phased array and the RID Tech 2-d arey.
Development work on these approaches will be fimited to buiding one sensor assembly for each
‘approach f suitable sensors are not already available or oan by the OEMs. The evaluation will
concentrate on performing scans of the center region (3.5 o 5.5” depth),using the ETC 10"
diameter standards. Evaluation of DFATS will be performed at PW, evaluation of the RID Tech
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[image: image4.png]system wil be at GE, and evaluation of any other systems would be at a ocation to be egreed
pon by thetechnicalteam. Ariangements will be made to accommodate fullteam participation for
all of these evaluations. The laboratory scan results wilbe reviewed to identiy a preferred
configuration for factory demonstration and potential implementation. The review will consider
inspection performance, equipment cost and complexity, operting speed, and other
implementation factors. A hybrid system using fixed focus for the outer zones and phased aray for
the canter will be considered as part of this evaluation.

Ifthe final approach agreed to by the technical eam for factory demonsiratin includes phased
arrays, adcitional work will be done to refine th sensaor design or the selected arry approach.
Manufacturer's engineering specifcations for the array system design (element geometry,
lensimiror geomety, ec.) will b input nto an array system computational simulation. Theoretcal
system performance will be compared to aboratory measurements of array syste response.
Discrepancies between model and experiment wil be raced to underlying causes and resalved.
Models will then be used (0 optimize the design and set up fo specifc test standards targeted for
study including larger diameter bllets.

Fatory Evaluation: The mulizone configuration will bs used to perform factory evaluation of five:
eats of 10" iamer tianium at 2 production Inspecton faclty. Cost and detection sensitvity
assessments necessary for lf management and implementation decisions willbe gathered.
‘Components of cost assessment willnclude such tems as system cost, longevity of equipment.
recurting equipment costs, daily operationalinpecton costs, and costs assocated with faise cals
Evaluation willinclude cut-ups of any finds. Details o metallography willdepend on how many
ndications are found, but i anticipated that al fixis will be evaluated to determine cause, and
e will b step-polishec o obtain detailed sizing information.

Factory Demonstration: An indusiry-wide demonstzation of the multizone system will b scheduled.
‘OEMs and tanium bilet producers will be invied.

‘Assessmentof Large Diameter Bt (>10" dia): Assessment of the sensitiy at larger diameters.
Will s 13" and 14 diameter standards. Existing 13" standards wil be used, and a 14" chord
block standard with near-centerine targets wil be designed and buil. Inital assessment wil be
made to baseline conventional nspection sensiivity either using iransducers borrowed from
‘suppliers, or by requesting suppliers o perform the evaluation n-house. Evaluation of zoned
fixecHocus capabilty willuse existing mulizone transducers. Evaluation willfolow  plan o be.
agresd by consorium members. Ifthe targeled 4x sensilvty improvement over conventional
inspaction has been achieved for 13" and 14" dameters,the results will be documented and no
further work pursued. Ifimprovement s st needed, a pan will be formuated following the best
‘approaches (phased aray or improved fxed focus) dentiied for 10" diameter bilet. The plan il
be presented to the FAA as continued work i expected to require funding redirection.

Attenvation Compensation Procedures: The current procedures used to measure and compensate
for material attenuation wil be evaluated and improved. The current procedure for the multzone
inspaction uses a pre-inspection of four short sections (1 long) o th bille to obtain an average
backwell 6cho amplitude. This is compared with an ave-age backwall ampinuds measured on the
calloration siandard and the difference is used to calculate an atlenuation compensation factor in
decibels per inch. A transducer focused atthe bilet center is used to make the measurements.
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Figure 1. Set of production transducers along with two development F10 zone § and zone 7
ransducers.

13 Inch Standard

s required by astablishat GE procadurss an ltasonic prasean of the 13 Ineh biles wan made
before any holes were ciled. This prescan serves several purposes: frst tindicates ifthe materil
has any unwanted indications and that t exfbts typical grain noise, affenuation and structure
cheracteristics pior to machining. The results of the prescan indicated a typical production bilet
wih the usual naise and banding structure as pravious bilts. This prescan also allowed marking
ofthe bille for areas oflow and high atienuation in the ovent ETC | FAA decisions led o holes.
being placed in specific regions of the bile. Afte the laboratory results of the 14 inch standard
were reviewed, it was agreod 1o have the callbration holes aligned and driled intentionally i the
high attenuation bands of the billet with & tird row of holes located i the low attenuation band.
Figure 2s the c-scan for zone 7 pror to machining, overlaid with the planned posiion of the
calibration noles. Tne standard will have a selof #3 FBH's and a sel of #2F8H's placed 180
egrees apartin the bands of high atienuation. A tird set of #2 FH's was to be placed in a
egion of low attenuation 45 degrees in rotaion fom the high attenuation holes.
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[image: image6.png]‘Since applcation of multizone technique is expscted to be more straightforward for INCO718, most
ofthe pilot work willbe performed with that aloy. The application of #2.5FBH sensitvty to
Waspaloy s expected 0 be more complex but an inspection technique should be ready to
Substtute forthe ast 255% of the pilot iot. The data will be evaluated and reported. Resuls of the.
plotinspection and of any cut-ups willbe provided to Tesk 3.1.1 for use in developing POD
estimates for nickel bilet, Cost and defecton sensitity assessments necessary for lfe
‘management and implementation decisions willbe gathered. Components of cost assessment wil
have boen agreed on by the team and will kely incude such ftems as system cost,longevity of
‘equipment, recuring equipment costs, dail operationallinspection costs, and costs associated
with faise calls. In conjuncton with the pilot ot inspecton, a demonstraton of the higher sensitity
nspection for INCO718 and Waspaloy wil be presented to the OEMs and industy. A final report
in the required FAA format will be provided.

ObjoctivelApproach Amendments: Objective and approach remain as originaly proposed in
July 1998,




[image: image7.png]“The drawback of this method is that it gnores the effects of distortion of the ullzasonic beam during
propagation through the metal microstructure. Phaso | work has shown that beam distorton can
be a msjor contributor o the response from flaws and backwalls. Even when bear distorton
effects e minor and energy loss dominates, the maerial aienuation is found to vary significantly
with position i a given billet n conjunction with noise banding as was shown in Figure 6. The.
effocts of noise banding and nonunifor attenuation can lead to an incorrect measurement of flaw
response, and a true inspection sensitvty diferent fom that assumed from caliration. The
‘current attenuation compensation technique will be evaluated by applying it o severa billet
‘segments,then riling a numbr offlat-bottom or side-driled holes nto the sectons, and
‘comparing the measured ampitudes of those holes to those expecied from the attenuation
‘analysis. Improvements willfocus on selection of a transducer which wil minimize the effects of
beam distotion and provide an attenuation estimate which enables good prediction of the hole
echo ampltudes.

Billet Specification’ The specfcation for billet inspection (AMS 2628) wil be updated to reflect
improvements achieved by this subask. Resuls will lso be reported n required FAA fomat.

‘Objective/Approach Amendments: Objective and approach remain as orginally proposed in
Juiy 1998,

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

Several consortium conference calls were conducted during the quartar o discuss the dotails of
the subtask. A number of technical discussions occurred and decisions were reached. The
technical ssues and discussions are summarized under the Large Diameter Billt secton.
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Figure 2. Planned placement of FBH sets n elaton to the high and low afienuation reglons.

“The finaldesign ofthis 13 inch standard s shown in Figures 3 and 4. The 13 inch diameter Ti64
ETC calbration standard was completed and sent to GE's QTG in February 2004,
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[image: image10.png]13 Inch Diameter Ti6-4 Billet Calibration Standard
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13 Inch Diameter Ti6-4 Billet Calibration Standard

Oimensions i nches
AIFSHS 5 inches doop. 214" and 64" dameters

Figures 3& 4. Design of 13 inch Ti6-4 ETC Standard.
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[image: image11.png]Evaluation Plan

“The evaluaton plan consisted o calibrating al zones of the production transducers on the #3
FBH's inthe ETC standard according to estabished procsdures. The watarpath may be adjusted £
0.5 inches from the designed 3.5 inch operation o achieve the best balance fesponse between the
extreme holes for each zone at around 80% FSH. A deviaton from the normal calibration
procedure was 1o then check the center hole to make sure it was ot saturated and the gain
adjusted accordingly. The same procedure was folowed for calibrating the o F10 development
transducers for zone § and 7.

Aftr each zone was callbrated, a c-scan was made fo al the holes in the zone ata 16 milndex.
“The use of a fine 15 mil index nstead of the normal 40 milindex. s o capture as close (o the
maximu response from the targets so that one could reasonabiy rely on the c-scans values in
calculating the sensitvy fo each zone. The gate had to be shortened and adjusted during these
‘scans to avoid backwallechoes from obscuring the holes. Finally the fll zone was gated and c-
‘Scan made of the sold section of the standard. This scan would provide the peak nolse values
used in generating the sensitvty graphs. In additon to the #3 calloration holes being Imaged the
#2holes were also imaged inthe scans.

Figures 5 through & show the result of these scans. Each figure s abeled withthe maximum
nolse value obtained from the ful gated section.

Figure 5. Zones 1and2.
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[image: image12.png]Figure 7. Zone 5
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[image: image13.png]Figure 9. Zones 6 and 7 Development F10 Transducers.

Afer the c-scans were mads for each zone, the ampliudes.of the FRH's were ressused frem ths
image. Table 1is a summary of the ampitude responses measured from the c-scan Image.
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[image: image14.png]Table 1. Summary oftarget ampltudos for the 13 inch standard.
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In generating the sensitvity curves, the lowest amplitude #3 FBH targat was then used to calculate
the 3dB sensitity values for each zone. A second sef of sensitvly curves wers also generated
using the #2 FBH's located inthe low atienuation band of the standard. The peak noisa value was
obtained from the c-5can of the soli secton of the standard with ful gate and used n the
calculation. The resultantsenstivity chart (fgure 11) indicates the FBH number required to give
response 348 above the peak nolse value in each zone.

‘Sensitiity Graph for MZInspection of ETC 13n. dia. T Billet
Standard
Poak Noisa = FBH Signal - 348
as

a0 |8 PN Cutbten

H
H
—— Producton - hgh att
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Figure 10. Sensitvy graph for 13 inch production and development transducer set. The graph
includes the sensituy that was measured using the low attenuation #2 targets.

These curves do show the sensitviy n each case 1o be below a #3 FBH and a significant
improvementn the new F10 transducers over the production unis or zones 6 &7. It also
Indicated the effect on sensitvity caused by dfering attenuation regions. This effsct on the

Quarety Report - iy 1, 2004 - Wareh 31, 2000
572572004 Fage 30





[image: image15.png]‘sensitivity curves was not unexpected and is documented earfier in the attenuation compensation
study under tis same subiask.

‘Signal-to-Noise Results On The Standards.

An addtional evaluation was made applying a signal to noise crieria for dentfication of the FBH
targets. The signal o noise values obtained using the ampitudes from the FBH's and the mean
and peak noise values in table 1 according o the following formula.

‘SNR= (Amprey — Noiseues) / (NolSess - Nois@yes:)

In the following tables, calsin green have a s’ greater or equal to 2.5, while cell n red have.
s loss than 25,

Tablo 2. Summary of Signal to Nolse ratio oblained from the FBH targets.
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An attompt was made o run the automated threshold and snr evaluation software on the FBH c-
scans however the fles wore o0 small o allow tis operation. In piace ofthis, sor calculations
wera made using global pesk and mea noise values from the fullgate region and i diferent from
the automated procedure that uses locallzed values. The impact of applying this approach over the
‘automated procedure would be a generallowering of the snr' forthe holes. Next month, an effort:
will be made to apply the automated snr procedure 1o the c-scans and wil be discussed in the final
roport.

Transducor Characterization

“The transducers were characterized to provids information regarding the pulse volumes. This.
characteristc s in part responsibl for the background material noise measured in the c-scans.

“The grain size gradient existing across the bille raius i the other component of the total noise:
picture. The larger the puise volume the greater the material noise. The 3 and 6 dB beam
dimensions were measured for each of the 3 holes in the zone. A waveform was also captured for
the center hole in sach zone. From this waveform the frequency spectrum (FFT) was plotied and a
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[image: image16.png]puise volume is proportonal to material noise. The peak noise has an unusual increass in
‘ampittude around zone 3 then drops in zones 5 & 6 where as the puise volumes show a steady
increase with depth.

Multzone Transducers for 13 inch Diameter Bilet
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Figure 12. Transducer pulse volumes with reative peak noiso values.

Eactory Demonstration
Early next quarter the 13 inch factory demonstration wil take place.
14Inch DI Billet

Aftr completon of multizone and conventional data collecton on 14 diameter T billet at PW and
(GE, the work has been inifated to prepare for a piot ot mulizone inspection at a supplier. Several
‘supplirs indicated an interest o participate n the program. Inspecton of two heats (20,000 b) at
one of the suppliers has been arranged 1o take place at the beginning of second quarter of 2004.
14 calibration standard and fllset of multizone transducers designed for the inspection of 14"
diameter Ti billet have been shipped to the suppiier. The resuls of plot ot inspections willbe
presented next quarte.
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