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Task 1.3 Thanium Forging Inspection 151 Bruce Thompson, Frank Margetan,
Subtask 1.3 Fundamental Property Ron Roberts, Tim Gray
Measuremonts for Thanium  GE: Ed Nieters, Mike Giglot, Lee.
Forgings Perocchi, Wei Li, Thadd Pation
PW: eff Umbach, Andrei Degiyar,
Harpreet Wasan

Program initiation date: June 15, 1999

Objectives:

+To gain the fundamental understanding of the ulrasonic properties of ttanium forgings that s
needsd o provide a foundation forthe dovelopment of relable inspection methods that provide
uniformily high sensitvity throughout the forging envelope.

+ Toacquire the data necessary to relats the detectabilty of defects i forgings (o component.
properties (fow line craracteristios, surface curvature) and defect propertie (size, shape,
compositon, ocation, and orentation) tereby providing a foundation fo the design of
improved inspections and the evaluaton of inspection capabilty.

Approach:

‘Sample Fabrication A crical law s for ttaniurm forgings will be generated in cooperation with
RISC including description o typical morphologies for use in the model development effrs.
This st will be used to define  lmited set offorging standards with embedded defecs.

Forging samples with varying flow i characteistcs and surface curvaturos, some of which will
‘contain flt-bottomed holes or synthetic inclusions will be defined and manufactured.
Deformation modes wil be used to predict variations in metalflow lstributions and guide the
‘sample development. Approximataly 32 coupons from forgings with varying flow line directons,
flowline densites, and geometrical curvatures (concave and convex) will be acquired. Samples
‘available from the CBS and TRMD programs wil be utiized 1o th extent possible.
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[image: image2.png]Utirasanic Property Messurement: UT and material anlsofropy associated with the forging process
il be quantfied by measLrement of the sound speods, atienuations, signal fluctuatons and
backscattered noise levels of the forging coupons. The measurement methods developed in
Phase | will genrally be used. As in Phase |, cube specimens cut at various locations may be.
used for niial surveys. In selected cases, novel coupon geometries wil also be considered which
permit beam propagaton at various angles to he flow nes. Figure 2 displays one possible
oupon design which allows measurements: (1) along flow line; (2) perpendicular o fiow lines;
and (3)at oblique Incidonce. Such measurements will be used to establish the elationship of flow
fine cirection to inspoctabity. The results of the sxperimental measurements willbo used to
develop and valdate the noise models and ultmately allow consideration of the effect of forging
process on inspection capabilty as part of
312,

Messurements will be made of the Uirasonic:
scattering from the embedded defects,
nciuding both the synthetc hard alpha
incusions and the sampies available from the.
GBS and TRMD programs. This data will be
provided for further model validation which wil
nturm be utized in sublasks 3.1.2 for POD
determination.

Figure 2. Potential coupon design forforging samples.

Effcts of Surtace Curvature: The reletionship
between surface curvature and inspeciabllty
willbe quantfied n this sublask. The shape of
the entry surface influences the focusing of the
‘sonic beam within the forging, and hence,
affects both the amplitude of defect echoes and
the levelof competing grain noiso. The team
wil measure the effects of surface curvature by
using coupon designs such as that shown in
Figure 3. Curvatre corroctons wil be.
eveloped and transducer designs willbe
optimized in cooperaton with 13.2. Models
which predict th effects of surface curvature:
on backscattered flaw echoes, grain noise
characteristics, and signalinoise raios will bo
eveloped and validated in cooperation with
3.2, Measurements made using the
surface-curvature specimens wil be used to
valiate those models. The models will then be.
used to develop cunvature corrections and
optimized transducar desions for forging
inspectons in support o 1.3.2

Octagonal shape provides entry and reflecting
surfaces for velocity and attenuation measurements at
various orentations tothe forging flow lines.

surtsce

ot Shape progression

Figure 3. Potental dosign for surface curvature test
specimens. Specimen contains flat-botiomed holes or
other reflctors, and begins with a concave surface
curvature which i progressively machined to arrive at
convex entry surface. Design ensures that metal travel
path and microstructure surounding the reflectors.
remain unchanged in successive measurements.
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[image: image3.png]ObjectivelApproach Amendments: Objective and approach remain as originally proposed in
July 1988,

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

Work continued on efforts to better understand and mode! microstructure-induced signal
fluctuations in Ti-alloy materials as partof student thesis actty. n earlier work we showed tha,
forone Tr-alloy specimen, back-wal (BW) signal fluctuation levels could be predicted from
Knowiedge of cetain statistical parameters which describe the distortons of the itrasonic bear by
the microstructure. During the quarter,similar comparisons were made for a second Ti aloy.
specimen. In addtion, the theory was extonded so that signal fluctuation evels for smallreflectors
could aso be predicted. The types of probloms addressed by the extended model are ilstrated in
Figure 1. Note that as a measure of the severiy of signal fuctuations we use the dimensioniess
“fluctuation lever". For a setof signal amplitudes from identical rflectors, ths i defined as the
standard deviation of the ampitudes divided by thelr average.

Transdtoer
_ (planaror focused) i
2
- ]
Back-Wall Echo SmallDefect Echo
Fluctuatons Fluctuatons

When the transducer s When he transduceris
scanned, the backwall scanned, the peak echo
echo wil vary. Predictthe  from each small reflctor
mean value (M) and wil vary. Predict the
standard deviaton (o) of mean value (M) and
the backonal esponse st standard deviation c) of
agiven frequency. the peak response ata

| given froquency.

Figure 1. Types of pulsslecho fluctuation problems addressed by the statistical model. The ratio
oM ls rafered o as the “luctuation laver”
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[image: image4.png]Inputs 1o the fuctustion model s a set of key statisicalparameters which describe how
propagating sound beams are disorted b velocty nhomogenaities inherent i the metal
micostructure. These parametrs descrbe: (1) the lateal ‘dit of the centarof-energy abo s
expected position (so-called beam skewing); (2) the distortion f pressure amplitude abou s
‘xpected patierm; and (3) wo types of waveffont distoron (‘wrinking® and “iing). Each o these
beam<istorton parameters i a statistcal variable governed by a distributon function which
escrbes the likeinood that the parameter s measured fo havo a gven value. Distbution
functions for our key parameters were measured in selected Tially bilet specimens, and ound fo
have an approximate Gaussian appearance. Thus n our model-development work, we have
‘assumed that sach underlying distibuton i, n fact, Gaussian, and may therefore be specified by
stating it moan valus and s standard deviaton. This assumpion simplifes model predictns. In
‘addilon 1o the statistcal bearm-<istorion parameters, wo other parameters known as ‘spatia
correation engths® (SCL) are important. These specily the dimensional scales ofthe beam
ampitude and phase distrtons, respectively. Curenty, alofthe nputs o the signal fuctuaion
‘model are determined by using a point eceiver to map the sonicfeld emerging ito waer fom a
tanium specimen, and then comparing the measured (disorted)fied o that expected for a
uniform specimen (microstuctur-free) o deduco the various beam dstoron parameters,

Earfe signal fluctuation meas.rements made use of a T-17 specimen (designated as specimen
P)in which beam propagation was paralel o the direction of macrograin elongation. More recent
measurements used a Ti 64 specimen (designated Q) In which beam propagation was.
perpendicuiar o the elongation direction. Measured and predicted signal fluctuation evels for
back-wall echoes in specimen Q are compared n Figure 2. A 5-MHz, 0.25'-diameer, broadband
planar transducer was used, and results are shown forthee frequencies witin the ransducers
bandwidth. As was the case for earlir specimen P, good agreement between measred and
predicted BW fluctuation levels was also seen for spocimen Q.
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[image: image5.png]Planar Probe: Experimental and Predicted
Back-Wall Fluctuation Level at 3 Frequencies
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Figure 2. Measured and predicted back-wallsignal fluctuation level) for Tralloy specimen Q.
AS-MHz, 0.25'diameter, planar transducer was used.

Astraightforward extension of the statistical model was mad to alow predicton of signal
fluctuation levels for refectors other than back walls. As before, synthetic distoried sonic pressure
fields are generated having the proper staisticalpropertes. For any given syritheti fled, the
response from a crack-like reflector (e.g., FBH) at a given location is calculated by integrating the.
‘square of the incident pressure feld over the area of the reflector. The reflector is then moved
through the incident leld o locate the position whero the response s greatost (usually near the
caniral axi of the beam). This simuates the datermination of the peak response seen in a c-scan
of an ntemal defect. The process of deteiring the peak response is repeted for (typicall) one
Nundred sitnulatod distored flelds, and the signal luetuation 6.0 1S then ca.culaiod from the.
collecton of 100 peak responses.

“The manner in which model-calculated signal luctuation levels depend on the size of the refiector
is shown in Figure 3 for the aforementoned specimens P and Q. The statistical parameters which
are input 0 the model calsulations are different fordiferent ransducers and difierent
microsteuctures. For specimen P, the required inputs were measLired for two 5-MHz broadband
ransducers: one planar (0.25"dlameter) and one focused (0.75'-dlameter, " nomina focal
length). For specimen Q, the inputs were measured only using the planar transducer. In Figure 3,
results are shown fr three frequencies within the bandwidths of the transducers.  In addition to the
backwall response, fluctuation levels were predicted forthree sizes of FBH-like refloctors, having
fullwidths of near 0,01 (point ike), 0.18, and 0.71 cm, respectively. The latter two sizes
corespond to reflectors one wavelength and four wavelengths wide, respectvely. atthe largest of
the three wavelengths considered In the calculatons (1, for 35 MHz). One sess n Figure 3, that
for these two microstructures the predicted flctuation levels for BW echo tend to be larger than
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[image: image6.png]those of FBH reflectors. Specimens P and Q (fabrcated during ETC-) do not contain FBH
reflectors, 5o direct experimental validation of Figure 3 i not curentl possible. However, amays
of identical FBH reflectors couid be diled nto the specimens at alater date tofaciltate model
testing i desired.

Fochuston Level )

Reflector stz cm)

Spocimen Q. Panar Tanaducar
Flctuaton Lavel 13 roquencies

Figure 3. Pradicted fluctuation levels. for hack-wall achoas and paak FaM signal it Thalloy
‘specimens, using the statistical model.
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[image: image7.png]FBH often serve as callration reflectors, but multle examples at a given depth are generally not
avaiable in callbation standards. It would be convenient o be able o estimate fluctuatin levels
for FBH reflectors from measured BW fluctuation lovels. In prior focused-probe experimental work
utizing T-alloy specimens with mulple FBH targets, it had been noted that fluctuation levels for
BW signals were often larger than those for small FBH targets at similar depths. This observation
together with Figure 3 suggests thatthe question of whether BW or FBH fluctuation levels are
larger depends on a number o factors relaing 1o the metal microstructure, the beam propagation
directon relative o that microstructure, and the transducer being used.

o further investgatethe dependence of the signalfuctuation levelon the size of th reflecor,
audiary model caculatons were pursued. For these calculatons, roalspecimens and the
statisical model Gescribed abovo woro not used. Rather, wo-dimensional mods! microstuctres
were computer genarated, and th (dstorted) pressuro fed which develops when a soni pulse
propagates trough each model microstucture was direty calculatod. BW or peak FEH
osponses were then deduced fom the distortd felds To fom the model microsiruciures,
elongated grains all having the same dimensions were randomly assigned sound velocies which
variod by up to % fom e average velociy. Examples of the model icrostuctures are shown n
Figuro 4, togethr with prediced signal fluctuation laves for flat rflectors of various sizes. For
FBHHiks refloctors, thepltie poins aro based an calculationsof pak respanse fr 100 o more
oalizatons each of the so-caled "0-degree” and “G0-degree” microstucturos. The number of
Sound wavelengihs spanning each FBHIko reflector (at 5 MHz) s Indicated next to each potied
poin. One sees tha for these model micrstructure, the dependence offuctuaton evelon
refecor sizo is roughly simila infor o those predicied by th statticl model or Tr-aloy
specimens P and Q. Agan,as the refecorsize i increased the fluctuaionlevel st rops and
then ises. Al notethat prediced fuctuaton evels tend f be largest for beam propagation
paralel o the microsrucure eongalion irecton; imilar bohavior has lso been observed n past
experimental . For both cases shown n Figure 4, the fluctaton level o the smallest FBH
roflectors s larger than tho luctuation levl for BW reflecors, n coirast o some o the cases
show earerin Figure 3.
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Figure 4. Calculated signal flctuation leves for backwall and peak-FBH responses in 2D modsl
microstructures. The smallimages at et show examples of sound velocites assigned to the metal
grains that comprse the model specimen, with he colorbar indcating the velociy value.

In summary. the signal flctuation level for @ back-wall cho or the echo from a small FBH-like.
reflector i dependent on

the specimen microlmacrostructure and is orentation .. the sound beam;
the transalucer frequency and focal properties; and
the relectorsiz.
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[image: image9.png]With a particular combination of the above factors, the signal flx level for @ smal FBH reflector
may be higher or lower than that of the back-wall signal. More experimental data or specimens
containing multiple FBH reflecors s needed to better quanty the relationship between BW and
FBH signal fluctuation level. For the measurements and model studies conductad to date, it
‘appears thatf the back-wall signal luctuation level is small It s more kel that the signal
fluctuation leve for small FBH reflectorsis higher than tha for back.wallsignals. Conversely, fthe
‘combination of the above factors produces a very large backwallfluctuation evel, t s mre ikely
thatthe signal fluctuaton level of small FBH reflectors is lower than that of the back wall signal
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