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Studonts: LYy

Program initation data: June 15, 1959

Objectives:

. Toestablsh the basic ulsasonic propertes of nickel-bassd ally biet materials (Expected to
e IN718, and on of more of Waspaloy, INSO1, R95, o IN100) and relevant inclusions as an
‘appropristefoundation for selection of ulrasonic inspacton approaches.

« Tomanufacture and characierizefat bottom hole (FBH), synthetc inclusion, and real defect

standards to provide data fo deternining defoct detectabiy and developing improved
inspections.

+ Toimprove the understanding ofthe relationship of defoc size, shape, and composition o
dofectcetactabilty in Ni allys.

Approach:

Alloy Selection: Several alys have baan selected or fundamental property measurements with

INT18 selected 1o recelve the primary focus. Allos 1 be considered inciude Waspaloy. IN100,

INSO1, and Res. Sample dosign and fabrcatn for propertes measurements wil bo Itated by

the team members. A s of the types of meltrelated defects encountered at the bilet stage In

Nibased alloys, defoct morphalogy in the forged conditon, and importance t ife management wil

o generatec by RISC. The Importance of dsfect parametars size, concentraton, morphology,

presence of voids) on detoctabilty and e will be determined through discussion withthe fing and.

materials communites.

‘Sample Fabrcation: The sequence of manufacturing the propertes specimens and the specimen

configuration willbe panned foyield as much data as possible on propertes as a unciion of depih

‘and orentaton. Novel configurations of Goupons, and sequences of coupon extracion and

Charactertzation will be considered. Sample fabricaton pracedures wil be coordinated with the.

Inspection Systems Capabilty Working Group to ensure use by both groups.

“Throposed bilet coupo schema i shown i Fgure 1. Bocause backscatiorad noise avels ars

sirongly dependent on detals of the metal microstruciure, they can ba used 1o guide the selection
of coupon locations. From low and high noise regions, a“stig" specimen wil be cut along the bilet
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[image: image2.png]dameter, with ransverse dimensions of
approximately 1.6"x 15", This specimen
would iniialybe used for poperty
measuroments inthe axil and hoop
direcions at various depts. The stip
specimen would then be siced nto.a
series of coupons and be used for
property measurements n the radial
direcion. The team will agree on the final
‘specimen configuration early in the
program, using the approach described
ere as a sartng point. Simiar schemes
will also be used 1o study utasonic
propetis in the axal and hoop directons
25 functon of posiion. Resuls ofthe
anisatropy meastrements wil be provided
tothe Inspection Systems Capabilty
Working Group for ncorporaton nto the.
oise models and timately wil be used ® “©
1o predictthe change in POD as a functon
of postion. The data wil also provide
guidance n design of ransducers and
optim inspecton parameters for nickel
billetn sublask 1.1.2

Figure 1. (a) C-scan map of backscattered noise
versus positon, showing locations of high-noisa and
low-noise stip*specimens. (b,). Specimen and
ul erty Moasurement smallr sub-coupons wil be used 1o study depih
Baselne utrasonic propertes (velocity,  dependence of ultrasonic properties i th three.
atienuation, and backscattered noise) of  orthogonal inspection directons.

nickelbilles wil aiso ba gathered for

datormination ofthe impac of roperties on nspectabilty. Samples wil be selected to address
oo variabilty,wit the evpactor somple 0080 includa appromataly 16 samplos for o 8107,
InPhase | the ulrasonic propartis of Harium bilets wore found to vary ith positon and
Inspecton parameters, and simiar varialons aro expected in nickel aloy bilets and forgings.
Selecton of bilets for propertes specimens will be based on an intal screening inspocton.
Ulrasonic property measurements of the base alloys wil provide the nacessary nolse distribution
data for use by the Inspection Systems Capabilty Working Group in generating POD estimates for
Pickelbilet. Signal cistributons will be generated using FBH, synthetis, and the natural defects
fabricated as dafined above. Data on the natural defocts will be used 1o develop and valdate the.
flaw rosponse and noise models and o generato the POD estimates fornickel billatin 3.1.1
Measurements on billet coupons wil allow the tear to assembe a more comprehensive pictre of
ulrasonic property variaions withinthe bille, and o befter understand the effect of thesa varations.
on nspectabiity. Correlations wil be sought between the property vriatons with variaions in he.
Mol MICIOSUUCturD 35 ovealad by opicat MCrographs and SEM stules, Afier assessing the
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[image: image3.png]findings for the fist bilet studied, the coupon manufacturing procedure wil be refined as necessary
for subssquent biets and frgings.

‘Syatheti nclusion Samples: Synthetic incusions willbe embedded into Ni est standerds fo the
purpose of evaluatng the inspection sensiity of uiasonics on meltelaed defects. The team
Wil eview th fndingsfrom the metalurgicalanalysi on the naturaly occring defectsto ey
the candidete inclusion types for sample manufaciure. Constuction methods wil be Geveloped at
GE-CRD o chemicaly manufacture the synheticnclusions and to embed the nclusions nto NI
aloy fst blogks. Alfer the successful development of synthetic inciusion manufacturing methods,
hres blocks containing synthetic incusions of different geometry and compositon il be
manufactured. The types ofinclusions wllbe defermined by theteam based o the abilty to
‘manufaciure the syntheticinclusions, the critcaly of the defect o pat e, and the sensitvty of the
nspection to the compositon and geomelryof the defectype.

“The team wil uivasonically evaluate the synthelc inclusion samples o determine the sensitity of
he nspectons fordstectng and characterzing meltolated dofocts. This data will b sod for the.
Valdation of computer-based flaw models and for the generation of POD curves fo Ni aloy bilets,
‘Defect Characterization: Samples wil lso be acquired withreal defects potertilly 1o include diy
‘whit spols, segregaion (reckls), and sieg (from ESR).relecting both VIMIVAR and
VIMESRIVAR material defects n 718 and Waspaloy. The nia efor il focus on evaluaton of
naturaldefects o establish typical compositons and properties and thelrdetectabity. Sx sampies
Will e evaluated using a imited ulrasonic characterzation and a simpified metalographic
process. Utrasonic measurements wil be performed at wo siages:

« orginal samplas priorto sectoring.

« defects machined to reguiar shapes

Charactrizaton data wil be used o optimize the inspection development effort of 1.1.2, provide
dataforvaidaton of flaw models and provide input for ganeration of POD for ickel biletn 3.1.1
Resuls wl be included i the fnel report.

CrjectivaiApproach Amendments: Objectiv and 3ppraach remln 35 oriiely proposed n
July 1998

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

Work performed tis quarter was solely elated to complation of thesis topics at ISU. The work
centered on the investigation of the depth dependence of backscattered gran noise n Ni-alloy
bilet materas. Models which predict backscatered noise generally mak 2 ‘single-scattering”
assumption, e, mulipe-scatierng evens in which sound s scatered from on rain o another
befors returning t th transducer are ignored. Models based on this ‘single scatering” assumplion
have proven o be very useful in simulating nspections of engine-aloy bilets 2nd fogings.
However,tis assumplion may not be accurate f gran scattering s 100 *strong’. Since the
‘absolute noise generation capacty of e microstruciure tends t Increase as ether the average.
orainsize o the inspection roquency increases, tha single seatering” assumption may not ba
accurateforinspections n which higher Inspection frequencies are used o examine
microstructures withlrger grains. We are currenty conducting modal studies and noise
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[image: image4.png]‘measurements (on coupons from IN718 and Waspaloy bilts)fo look for avidance of the break-
down of the single-scatterng assumption.

1f mulipie scatering ffect are signficant thoy are oxpected o aler the shapos of the grain-
noise-versus-epth (o grain-nofse-versus-tims) curves. Thus fital investigations are aimed at
‘comparing pradicted rms-noise-versus-ime curves 1o those measured i the lab. The shapes of
the curves are Influenced by the average grain clameter,th inspacton frequency, and the degres.
of beam focusing. To gain a beter understanding of these influences. a sories of single ssaterer
oise model calculations were carried out o simulat inspoctons of pure-N; microstructures having
various average grain diameters. The model simuations reat both focused and planar ransducer
nspections, and assume broadband sound pulsos with canter requencies of 5, 10 and 15 MHz.
Figure 1 shows the measurement setup and eltad parameters assume for the model
simulations ofinspections using focused transducers.  Average rain dameters of 25, 50, 75, 100,
‘and 125 microns were assumed. This diameter angs encompasses most of the measurad
average grain diameters soen i the earler metallographic siudies of IN713 and Waspaloy bilet
coupons.
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Figure 1. Assumed measurement setup and parameters for model simulatins of focused-probe
inspections o pure Ni specimens. Reference signals and thelr spectra aro shown in the lower
peness. The simuaions are cesigned o study the manner I which backscatirec grain nose
varies with depth,
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[image: image6.png]The grain-nolse-versus-tme model software requires nput atenuation and noise capacty (FOM)
values, both of which ae functions o requency. For the assumed pure-Ni microstructures, these.
were predicted using auxliary models which assuma tha the grains are equiaxed and randomly
orinted. The resulting atenuation and FOM values are shown in Figure 2. Infial studies revealed
‘aminor shortcoming of the model software for predictng noise-versus-time curves, namely the.
assumption that atenuaton-versus-frequency curves could aays be accurately fitsd 0 a power
Taw in requency. In some cases, precicted attenuation-versus-frequency curves did not follow a
ower law benavior. Consequenty, the nolsa modl software was upgraded to llow attenuation
data to be input using st of (requency, attenuation) pars, withInerpolation used at Inermediate
roquancies. The upgraded noise model was tested and then used to predict ms-noise-versus-
ime-curves for the pure-Ni inspection scenarios shown in Figure 1. Selected resuls are shown In
Figure 3. The panels on the feft hand side of Figure 3 show predictad noise Curves when the effect
of meta atenuation i neglecied. Al noise profiles then show a pronounced focal peak which
tonds to increase withincreasing grain size and to sharpen with ncreasing frequency. The.
‘absolute noise levels aso fend fo increase with increasing probe canter frequency (duo 1o the e
of FOM with requency), but that effet is moified by: (1) dferences in water atienuaton efects
forthe'5, 10, and 16-MHz cases; and (2), e fact that the puise duration Gecreases as the pulse.
frequency increases, causing a smaller number of grains o contribute to the abserved noise atany
given depth and thus offectively lowering the absoluta ncise lovel. The right-hand panals of Figure
3 show the predicted rms noise curves when metal attenuation effects re accounted for. For the
larger gran sizes and higher frequencies, the effec of ‘switching on” meta atienuation can be
cramatic: in some cases, he focal maximu is entroly washed out. At shallow epths (near 2=0)
the noise level ncreases with increasing grain size dus to the ncrease i the FOM values
However, at deeper depih, the nise level may fall wih increasing grain size as the decrease in
noise due o increasing atenuation outsips the tendency of nois {0 ncrease with grain dameer.
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Figure 2. Atenuation and FOM values as functons of frequency for pure-Ni microstuctures.
‘contaning randomiy-oriented, equiaxed grains. Restls were computed using modes developed
by J. Tumer and J. Rose, respectivly. These curves serve as inpus fo subsequent model
calculatons of grain-noise-versus-depih curves.
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[image: image8.png]Figure 3. Predicted curves of absolute grain noise leve!versus ima for focusad-probe inspecions
of pure-Ni microstruciures. The time range shown corresponds to & depih range of about0° 0 1.,
e model used neglects multle-scattring.
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[image: image9.png](One attibits of the noise-evel-versusimo curves s the rata of decrease beyond the focal
maximum. Some researchers have suggested that muliple-scatiering sffocts may contrbute more.
sigrificanty atater times, since multplo scattering events naturaly recuires a longer round-tp
ravel path back to the transducer. Thus the rate of decrease of the noise-versus-time curves is of
interest. For observation imes in the range fom 7 usec < t < 18 usec (.. beyond the focal
maxima in Figure 3), the rate of fal s oughly exponentil i nature. In this region, he prodicted
noise-versus-ime curves were each e 1 a function of the Agxp(-ot)whera A and b are
‘constants. The value ofthe decay constant b i shown in Figure 4 for the various predicted curves.
(One abserves the general tandency of bt increase wth incroasing prob centar frequency or
qrainsize. The rate of fall of the noise level with tme is due o the combined effectof meta!
attenuation and beam spread. Here broadband puises are being used, and the rate of decay Is
Influenced by thefact that the centor requency of the sound pulse decreases during propagation
due 10 accumulated atenuaton effcts.
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Figure 4. Rates offall of prdicted grain-noise-versus-time curves for model simulations of
focused-probe inspactions of pure-Ni microstructures. Beyond the focal maximum, the noise
profies approximately al ke exp(-b), and -b is ploted above. Large negative values of -b
Gorrespond o rapd decrease ofnolse with increasing time (or depth.

(Grain-nofse-versus-time curves for Nialloy billet coupons (measured using focusod ransducers)
have shapa roughly smilar to 1022 of the madel curvas. Some rxample ara shown in Fgure 5.
For smalle grain sizes, the measured curves have clear peaks nearthe focal depth; or larger
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[image: image10.png]grain sizes the focal peak shifsto the et or washes out complataly. The measured noise-versus-
time curves in Figura  tond to have slower rates o fall than those ssen in the modsi calulations.
at comparable frequencies and grain sizes (Figuro 3). This may be an Indcaton of muliple-
scattring efects. Atematively, it may be due to property diforences between pure-Ni and the
alloys, andlor o the fact that some level ofslectronic noise is prosont n the measured curves. In
the next stage of the investigation, new grain ncise measurements willbe carred out on selectad
billetcoupons using probes with iferent canter frequencies. Electonic noise levels will akso be
measured. After corrections 1 omove the effect o elecironic noie, the measured noise-versus-
time curves wil be compared to model predictions. The model curves wil be based on nput
Values of attenuation-vs-frequency and FOM-vs-equency that are measurod n the bilet
specimens themsalves.  Difierences between the measured and predicted rain-noise-versus-
depth curves willthen be examined for svidence of multiple scatering efects. Iniial comparisons
willbe made forInspections using planar ransciucers,since such transdiucers generally behave.
more ke ideal piston ransducers, allowing beam sproad ofectsfo be more oasily modeled. The
overal goal of this workis to search for the onset o multple-scatiering efects, and hence to
determine the usafullimits of existng single-scattering grain noise modes.
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Figure 5. Measured rms noise curves for five Waspaloy bilet specimons, using an F7 focused
transducer having an actualcenter frequency of about 12.5 MHz. Measured average grain
diametars for four ofthe specimans are indicated Ioftof ho graph logend.

Also during the quarter, revisons were made o the Final Report for Sublask 1.1.1. The reportwas
foviewed by FAA personnel, and several dozen passages were marked as requiring clarficaton.
Rasgonsos waro submitied t the FAA o Incorporaton nfo & revised draft.
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