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Planar Flaw Height Sizing by Ultrasonics
This standard is issued under the fixed designation E 2192; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 3.2.1 bi-modal—ultrasonic examination method that uti-

1.1 This guide provides tutorial information and a descrip-lizes both the longitudinal (L-wave) and shear (S-wave) modes
tion of the principles and ultrasonic examination techniques foPf Propagation in order to estimate or measure flaw height.
measuring the height of planar flaws which are open to the 3.2.2 corner reflector—the reflected ultrasonic energy re-
surface. The practices and technology described in this stasulting from the interaction of ultrasound with the intersection
dard guide are intended as a reference to be used whél a flaw and the component surface at essentially 90 degrees.

selecting a specific ultrasonic flaw sizing technique as well as 3-2.3 creeping wave-a compression wave that travels in a
establishing a means for instrument standardization. solid immediately adjacent to a free boundary and generates a

1.2 This standard guide does not provide or suggest acc§hear mode “headwave” (q.v.) traveling away from the bound-
racy or tolerances of the techniques described. Parameters si@lly at the critical angle. (Some users reserve the term lateral
as search units, examination surface conditions, material conjtave for the creeping wave following a flat parallel surface and

position, etc. can all have a bearing on the accuracy of result§)€ creeping wave is used for those waves following curved
It is recommended that users assess accuracy and toleran&égfaces).

1.3 This document does not purport to provide instruction to"hanged by an obstacle or other non-homogeneity in a me-
measure flaw length. dium, other than by reflection or refraction.

1.4 This standard guide does not provide, suggest, or 3.25 d_oublet—two ultrasonic signals _that appear on th_e.
specify acceptance standards. After flaw-sizing evaluation hai‘reen simultaneously and move in unison as search unit is
been made, the results should be applied to an appropriate coBnipulated toward and away from the flaw. During tip-
or standard that specifies acceptance criteria. diffraction flaw sizing, the flaw tip signal and flaw base signal

1.5 This standard does not purport to address all of the(corner reflector) will appear as a doublet. _
safety concerns, if any, associated with its use. It is the 3.-2.6 echo-dynamie-the amplitude versus time of arrival
responsibility of the user of this standard to establish appro{0r distance through the component) curve created by the
priate safety and health practices and determine the appncaultrasonlc signal as the search unit is moved perpendicular to

bility of regulatory requirements prior to use. the reflector toward and away from the flaw. _
3.2.7 far-surface—the surface of the examination piece
2. Referenced Documents opposite the surface on which the search unit is placed. (For
2.1 ASTM Standards: example, when examining pipe from the outside surface the

E 1316 Terminology for Nondestructive Examinatidns ~ far-surface would be the inside pipe surface). .
3.2.8 focus—the term as used in this document applies to

3. Terminology dual crossed-beam search units that have been manufactured so
3.1 Definitions—Related terminology is defined in Termi- that they have a maximum sensitivity at a predetermined depth

nology E 1316. or sound path in the component. Focusing effect may be
3.2 Definitions of Terms Specific to This Standard: obtained with the use of dual-element search units having both

refracted and roof angles applied to each element.
3.2.9 headwave-a shear wave that is generated by mode
 This guide is under the jurisdiction of ASTM Committee EO7 on Nondestruc- conversion when a Compression wave travels at a grazing ang|e
tive Testing and is the direct responsibility of Subcommittee E07.06 on Ultrasonicon a free solid surface

Method. . . . . . .
Current edition approved April 10, 2002. Published June 2002. 3.2.10 insonify—the interrogation of an area in the exami-

2 This Standard Guide is adapted from material supplied to ASTM Subcommittedlation piece with ultrasonic energy.
EQ7.06 by the Electric Power Research Institute (EPRI).
3 Annual Book of ASTM Standardéol 03.03.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2.11 near-surface-the surface of the examination piece examined using this guide with appropriate standardization
on which the search unit is placed. (For example, whenmeference blocks. The practices described are applicable to both
examining pipe from the outside surface the near-surfacenanual and automated examinations.

would be the outside pipe surface). _ 5.3 The techniques recommended in this standard guide use
3.2.12 sizing—measurement of the through-wall height or Time of Flight (TOF) or Delta Time of Flight (- TOF) methods
depth dimension of a discontinuity or flaw. to accurately measure the flaw size. This guide does not include

3.2.13time of flight—the sound path measurement of time the use of signal amplitude methods to determine flaw size.

for the reflected or diffracted energy from a flaw. . 5.4 Generally, with these sizing methods the volume of
3.2.14 30-70-76—term that is applied to the technique (and yaterial (or component thickness) to be sized is divided into
sometimes the search unit) using an incident angle thaf gs: the inners, the middle¥s and the oute#s. Using the

produces a nominal 70° L wave in the examination piecer,. g rface Creeping Wave Method the user can qualitatively
Provided that a parallel far-surface exists, the 30° shear Wavgegregate the flaw into the approximatezone.

produced simultaneously at the refracting interface, reflects as 5.5 The sizing methods are usedd¥a zones to quantita-

a 307 shear wave and generates a nominal 70° L wave astf’i‘/ely size the crack, that is, Tip-diffraction for the inn&,

result of mode conversion off the far-surface. The 70° L wave,. . .

reflects off a planar flaw and is received by the search unit :?"MOdal method for the middlés, and the Focused Longi-

a 70° L wave. udinal Wave or Focused Shear Wa_lve Methods for Fh.e Gater _
These¥s zones are generally applicable to most sizing appli-

4. Summary of Guide cations, however, the various sizing methods have applications

outside thesé/s zones provided a proper reference block and

4.1 This guide describes methods for the following ﬂawtechnique is demonstrated.

sizing techniques.

4.1.1 Far-surface creeping wave or mode conversio% Ultrasonic Flaw Sizing Methods

method,
4.1.2 Flaw-tip-diffraction method, 6.1 30-70-70 Mode Conversion or Far-surface Creeping
4.1.3 Dual element bi-modal method, and Wave Method-The far-surface Creeping Wave or 30-70-70
4.1.4 Dual element, (focused) longitudinal wave or dualMode Conversion method (as illustrated in Fig. 1) provides
element, (focused) shear wave methods (see 3.2.9). qualitative additional depth sizing information. This method

4.2 In this guide, ultrasonic sound paths are generalljhas considerable potential for use when approximating flaw
shown diagrammatically by single lines in one plane thatsize, or, determining that the flaw is far-surface connected.
represent the center of the ultrasonic energy. 6.1.1 Excitation of Creeping WavesThe excitation of

4.3 Additional information on flaw sizing techniques may refracted longitudinal waves is always accompanied by re-
be found in the references listed in the Bibliography section.fracted shear waves. In the vicinity of the excitation, the

o separation between these two wave modes is not significantly
5. Significance and Use distinct. At the surface, a longitudinal wave cannot exist

5.1 The practices referenced in this document are applicabiedependently of a shear wave because neither mode can
to measuring the height of planar flaws open to the surface thaomply with the boundary conditions for the homogeneous
originate on the far-surface or near-surface of the componentvave equation at the free surface alone; consequently, the
These practices are applicable to through-wall sizing of meso-called headwave is formed. The headwave is always gen-
chanical or thermal fatigue flaws, stress corrosion flaws, or angrated if a wave mode with higher velocity (the longitudinal
other surface-connected planar flaws. wave) is coupled to a wave mode with lower velocity (the

5.2 The techniques outlined describe proven ultrasonic flawdirect shear wave) at an interface. The existence of the indirect
sizing practices and their associated limitations, using refracteshear wave, headwave, has also been proven experimentally by
longitudinal wave and shear wave techniques as applied t8chlieren optics. The longitudinal wave continuously energizes
ferritic or austenitic components. Other materials may behe shear wave. It can be concluded that the longitudinal wave,

FIG. 1 Wave Generation for the Far-surface Creeping Wave/30-70-70 Mode-Conversion Search Unit
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which in fact “creeps” along the surface, is completely attenu4. The presence of the mode-converted echo is a strong
ated a short distance from the location of the excitation. (Se@ndication of a flaw with a height greater than 10 to 20 % of the
Fig. 2 for generation of the near-side creeping wave). With thevall thickness. In the case of smooth or at least open flaws,
propagation of the near-surface creeping wave and its contin@amplitude versus height function curves can give a coarse
ous conversion process at each point it reaches, the energgtimate of flaw height.
converted to shear is directed into the material as shown in Fig. 6.1.3.3 Far-Surface Creeping Wave Sigralf a far-surface
3. Thus, the wave front of the headwave includes the head afonnected reflector is within the range of sensitivity (as
the creeping wave, direct and indirect shear waves. described above), the far-surface creeping wave will be re-
6.1.2 Far-Surface Creeping Wave GeneratiefiVhen the flected and mode converted into the headwave or shear wave
headwave arrives at the far-surface of the component, the sand@ected to the search unit (Fig. 5). Since the far-surface
wave modes will be generated which were responsible focreeping wave is not a surface wave, it will not interact with
generating the shear wave energy, due to the physical law efeld root convexity and will not produce an indication from
reciprocity. Thus, the indirect shear wave and part of the directhe root as shown by position 1 in Fig. 6. However, if the
shear wave will convert into a far-surface creeping wave and aearch unit is moved too far toward the weld centerline, the
70-degree longitudinal wave. The far-surface creeping waveirect shear wave beam could result in a root signal, but there
will be extremely sensitive to small surface-breaking reflectorss at least 5 mm (0.2 in.) difference in positioning as shown in
and the longitudinal wave will be engulfed in a bulk longitu- Fig. 6. The far-surface creeping wave signal is a clear, sharp
dinal beam created by beam spread. Additionally, these reflesignal with a larger amplitude than the mode converted signal.
tion mechanisms are responsible for a beam offset so that theledoes not have as smooth an echo-dynamic behavior as does
is a maximum far-surface creeping wave sensitivity at about $he mode converted signal, and it cannot be observed over as
to 6 mm (0.20 to 0.24 in.) from the ideal conversion point onlong a distance as shown in Fig. 7.
the far surface. The sensitivity range of the far-surface creeping 6.2 Tip-Diffraction Method—Ultrasonic diffraction is a phe-
wave extends from approximately 2 to 13 mm (0.080 to 0.5Zhomenon where ultrasound tends to bend around sharp corners
in.) in front of the index point. The far-surface creeping wave,or ends of an object placed in its path, as illustrated in Fig. 8.
as reflected from the base of a far-surface notch or flaw, wilWhile the flaw tends to cast a shadow, diffraction occurs at the
convert its energy into a headwave since the same principldtaw tips and ultrasonic energy is bent to fill part of the shadow
apply as established earlier for the near-surface creeping waveegion. Sharp edges are diffraction centers tending to radiate
The shear wave will continue to convert at multiple V-paths ifspherical or cylindrical wave fronts as though they were
the material has low attenuation and noise levels. actually ultrasonic point or line sources. If the screen signals
6.1.3 Typical Echoes of the Far-Surface Creeping Wave/30<correlating to these diffraction centers are identified, it is
70-70 Mode Conversion Technigu&Vhen the search unit possible to determine their positions relative to the thickness of
approaches a far-surface connected reflector, three differetiie component. The tip-diffraction method relies on this
signals will occur in sequencet)(70-degree longitudinal wave principle. Although the tip-diffraction concept sounds simple,
direct reflection; 2) 30-70-70 mode-converted signal; ar8) ( there are many other signals that may complicate screen
A far-surface creeping wave signal, as a result of modeénterpretation. This is due to the fact that the ultrasound/planar
conversion of the indirect shear wave. flaw interaction is very complex. When ultrasound strikes a
6.1.3.1 Direct Longitudinal Wave Signatif the flaw ex-  flaw, specular reflection from the main plane of the flaw and
tends to within approximately 0.375 to 0.625 in. (9.5 to 15.9texture reflections from flaw surface facets occur in addition to
mm) of the scanning surface (near surface), the direct longitudiffraction and mode conversions. There are two standardiza-
dinal wave will reflect from the upper extremity of the flaw tion and measuring techniques for tip-diffraction sizing) (
face, which is very similar to the high-angle longitudinal wave The Time of Flight (TOF) technique that measures the arrival
sizing method discussed later. time of the tip-diffracted signal from the top of the flaw and
6.1.3.2 Mode Converted Signatlf the flaw exceeds a locates the top of the flaw with respect to the near surface; and
height of 10 to 20 % of the wall thickness, an indication from (2) The Delta Time of Flight (- TOF) technique that measures
the mode converted signal will occur at a typical wall the difference in arrival time of the tip-diffracted signal and the
thickness-related position. This mode converted signal resultsorner reflector signal at the far surface.
from the headwave or direct shear wave, which mode converts 6.2.1 Time of Flight (TOF) Sizing TechniggeThe TOF
the 70-degree longitudinal wave that impinges on the reflectosizing technique is a tip-diffraction technique that takes advan-
at its highest part; it is reflected as a 70-degree longitudinalage of uniquely locating the flaw tip. The signal from the flaw
wave back to the search unit as depicted by position 1 in Figtip is peaked (maximized), and its arrival time or sound path is

FIG. 2 Near-Surface Creeping Wave Occurs for a Short Distance in Association with the Incident Longitudinal Wave
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FIG. 5 Generation of Far-Surface Creeping Wave Signal

measured without regard to the arrival time of other signalstechnique is illustrated in Fig. 9. Note that here the second
This time of flight or sound path is then a direct measuremenhalf-V path is possible also. When the search unit is moved
of the remaining ligament (material) above the flaw, or theaway from the flaw, the tip echo may again be obtained after
distance from the flaw tip to the examination surface. Thisthe tip-diffracted signal reflects off the opposite surface of the
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FIG. 6 Far-Surface Creeping Wave Search Unit Position Related to Index Point

component. With the second half-V path technique, the tigheight, it is necessary to note the difference in the time of
signal will occur later in time than the signal from the flaw arrival between the two signals, then apply the following

corner reflector. formula:
Note 1—It is very important that the user be extremely conscious of V(3
the weld geometry when using the second half-V path since, for example, ~ 2cod

the counterbore can exaggerate flaw height.

Note 2—Longitudinal waves should not be applied when practicing the Where:
second half-V path technique as this can cause mode conversions that may flaw height,
interfere with the ability to interpret the instrument display. Y ultrasonic velocity in the material,

6.2.2 Delta Time of Flight (- TOF) TechniqueThe - TOF 9t = difference in arrival time, and
Technique is applied by observing the arrival time difference® = refracted beam angle.
between the flaw corner reflector signal and the diffracted Alternately, the ultrasonic instrument may be standardized to
signal from the flaw tip while both are simultaneously presentead directly in flaw height. This standardization method will
on the ultrasonic instrument display. While using this tech-be addressed in the standardization section. Separation be-
nique, the ultrasonic beam diameter must be greater than th@een the doublets should remain constant as the signals move
projected height of the flaw (actual height multiplied by theacross the screen. The echo dynamic of the doublet is asyn-
sine of the refracted beam angle) and the flaw must behronous; however, since it is the fixed interval between the
essentially perpendicular to the examination surface. In thisloublet arrival times that is measured, it is not necessary to
situation, the tip-diffracted signal will occur earlier in time due maximize the response from either signal. This technique
to its shorter sound path. The tip signal amplitude is very smalallows measurement when the weld crown is wide, preventing
in comparison to the flaw corner reflector signal; and the flanmaximization of the tip signal. It may also be possible to note
tip and corner signals are out of phase due to one signal beirgy tip signal after reflection from the back surface (second
diffracted and the other reflected twice. To measure flawhalf-V path). The principles are the same as for the first half-V



Ay E 2192

= ™ T Greeping Wave Signal

— (Mode Converted Signal
90
'Il/la?‘rhd 80 Amplilude
{mm) 70- %FSH
100
60 80
. 60
40
40- 20
' Search Unit
0
0 40 © 80 Position {mm)
MPZ MP
%0- )
pah % * ) ] Ameltuce
{rmm) 707 %FSH
100
1 AmP? 80
. 6C
40
40 20
j T t 1 ] 1 ¥ i ] m h Un'f
IrCi I
0
@ e w0 )

FIG. 7 Echo-Dynamic Behavior of Mode-Converted Echo Signal and Far-Surface Creeping-Wave Signal

—
-
—
-
—
i

FIG. 8 Corners or Ends of Reflectors are Diffraction Centers and Tend to Radiate Spherical or Cylindrical Waves

path except that the tip signal will appear later in time than thesignal need not originate singly from diffraction, since reflec-
corner reflector signal. Whether using the first or second half-Mion can also occur very near the flaw tip. In fact, reflection is
path, accuracy of the height measurement depends on the flatve mechanism that will primarily be observed when using
orientation. If the flaw is vertical, then the measurement isnotched reference blocks. It is reasonable to expect some
accurate. If the flaw is oriented toward the search unit, the firsteflection to occur at an actual flaw tip. The associated rough
half-V path measurement will overestimate the height and théexture will often act as a good scattering center. It should be
second half-V path measurement will underestimate the heighhoted, however, that this may not be true in every case and the
The opposite occurs for flaws oriented away from the searclhmplitudes of the signals received may be 20-30 dB below the
unit. flaw corner-reflector signal amplitude. Each component and
6.2.3 Application Considerations-For all of the physics material type examined should be considered as a separate
involved in tip diffraction, the method relies on the user’'s examination problem. The flawed area should be adequately
ability to uniquely identify the location of the flaw tip. The scanned so that all signals, which occur in the region, can be
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FIG. 9 Various Metal Paths (MP) from Different Search Unit Positions Used in the TOF Technique

identified. Care should be taken to define the tip signal sincenit movement as it relates to flaw height by becoming familiar
some geometries or weld flaws produce signals that can bsith the characteristics observed when sizing notches of
readily confused with the true tip signal. Some flaws produce&nown heights.

multiple tip signals that must be resolved. The ability of the 6.3 Dual-Element Bi-Modal Methed-The Bi-Modal Sizing
operator to distinguish between tip and corner signals can bilethod is based on the use of a dual-element search unit. This
compromised if several cracks are clustered in the same aredual-element search unit is designed to insonify the entire wall
In areas of clustered cracks, corner reflections will dominatéhickness by transmitting and receiving high-angle refracted
and mask tip signals. In cases of clustered cracks, the depth tsfingitudinal waves as well as low-angle shear waves. For this
the peaked signal may be the only reliable means to distinguist¢ason, the Bi-Modal sizing methods that feature the dual-
the tip signals from the corner signals. The tip-diffraction €lement search unit are applicable to far-surface connected
methods can be valid for a wide range of flaw heights. ThePlanar flaws from 10 to 90 % through-wall. The TOF technique
prerequisites are that the tip of the flaw and the tip signal béequires that the first signal, the longitudinal wave, be maxi-
distinguishable from other signals. For very shallow flaws, theMized or peaked and the peaked first signal is measured along

tip signal may be masked by the flaw corner-reflector signa‘he instrument time baseT whiqh is stgndardized in through-wall
due to poor resolution. A search unit with a shorter pulsed€Pth- The - TOF technique is particularly useful because the
duration will improve this limitation. Broadband search units 12w height-related separation between the direct longitudinal

have been noted for their short pulse durations; however, due fyave and mode-converted signal can be measured before the

dispersion in austenitic stainless steel weld metal, it may b earc_h unit is restricted by the welq crown. For the_ - TOF
echnique, both measurements are independent of signal am-

beneficial to select a narrow-band search unit with greater”tudes_ A 20 % far-surface notch and an 80 % far-surface

penetrating characteristics. This argument holds true for ver otch are sufficient to standardize the time base for components
deep flaws also. When the flaw is located in the weld region Ol the thickness range of 10 to 40 mm (0.4 to 1.6 in.). Flaw
very near the _vvelq regi_on, longitudinal waves may be ConSiOIheight may then be read directly on the screen in percent of
ered for the tip-difiraction method. Longitudinal waves may | thickness. The extent of the flaw is indicated by the signals
help locate weak tip-diffracted signals in highly attenuativey, t are ohserved in the left half of the instrument screen. The
stainless steel but reflection from the component far surfacg, iher the direct longitudinal wave is peaked, or the greater the
should be avoided due to mode conversion. A very importangenaration of the signals from the mode-converted signal, or
factor in the sizing of planar flaws using the tip-diffraction peaks from mid-screen, the deeper the flaw. Signals originating
method is signal pattern recognition. To size with this methodfrom the interaction of shear waves with the base of the flaw,
the user must be able to identify two signalk) & signal that  jth or without mode conversion, are confined to the right half
is diffracted from the flaw tip and2j a second signal that is of the instrument screen and merely indicate that the flaw is
reflected from the base of the flaw. The task of identifying thefar-surface connected.

two signals is complicated by the high-amplitude noise signals g 3 1 \wave Propagation Through the Materialt is ac-

and geometric signals from the component surface. SOmgnowledged that shear waves cannot interact effectively with
ultrasonic instruments allow the user the option of using thghe upper extremities of tight and branched, medium to large
un-rectified or rectified display (RF display) signals. In manyflaws that are located near the sound-scattering fusion lines of
cases, an RF display facilitates in distinguishing the tip signahustenitic welds. These may not produce readily recognizable
from noise signals by identifying the phase of the signals. Theip-diffracted signals for flaw sizing purposes. The Bi-Modal
signal from the tip of the flaw must always peak when thesearch unit is designed specifically for austenitic weld exami-
search unit is moved forward from the point where the cornenation, however, this is also applicable to carbon steel materi-
signal is maximized (for first half-V path) or backed up from als. As shown in Fig. 10, the Bi-Modal search unit transmits
the point where the corner signal is maximized (for secondne longitudinal wave, and two shear waves and receives two
half-V path). This distance traveled is directly related to flawlongitudinal waves (one from the tip of the flaw and one from
height. The examiner must become accustomed to the searte base of the flaw), one mode-converted signal from the flaw
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Subscript 'a’ denotes travel to the receiver and subscript ‘b’ denotes travel from the transmitter. Enlarged detail note refers to Fig. 11.
FIG. 10 Bi-Modal Search Unit Longitudinal Wave and Shear Wave Signals

face, and one far-surface Creeping wave signal from the base the amplitude of one signal is in unison with the amplitude
of the flaw when the search unit is operated in its normal duatise of the other). When the center of the incident longitudinal
element mode. Depending upon search unit design, eithavave beam is directed toward the flaw tip, the center of the
element can be used as the transmitter or the receiver. Thecident shear wave beam is directed toward the flaw base, and
directivity patterns of the Bi-Modal search units are quite broatthe amplitude of the longitudinal wave signal, as well as that of
due to the relatively small active element size and lowthe far-surface creeping wave signal, is maximized. Upon
operating frequency in the region of 3 MHz. Therefore, themoving the search unit closer to the flaw, the longitudinal wave
high-angle longitudinal waves and the low-angle shear wavesjgnal will again recede into the background of irrelevant
insonify the entire component wall thickness. Four associateghdications. To determine the arrival time of this signal, the
signals that move together on the instrument screen can hgser typically moves the search unit toward the flaw until the
expected when the search unit is scanned over a far-surfaggnpiitude drops.

connected flaw with broad back-and-forth movements, (Fig. 6.3.2 Principles of Bi-Modal TOF TechniqueWeld crown

e e e oLl permiing, he search it may be moved toard e weldf
y ( enough to peak the longitudinal wave signal. Fig. 13 shows that

tip and the base), the shear waves interact only with the ﬂa%e relationship between the signal arrival time in screen

base. The first signal originates frpm the upper tp qf the ﬂaW‘divisions and the flaw height in percent of wall thickness is
If each element were a transmitter, the longitudinal wave

energy from the two elements would converge to this area. Thés"Y nearly Ilpear and independent Of. wall thlckne§s. .

usually weak tip-difiracted signal is enhanced while the back- 6-3-3 Principles of the - TOF TechnigeeThe longitudinal
ground of irrelevant indications is suppressed by restricting thé/ave signal may be considered as a satellite of the mode-
longitudinal wave beams to the upper flaw tip area. The nexgonverted signal since their separation, measured in screen
signal can sometimes be observed from a flaw and is usuallivisions, is practically independent of the axial coordinate of
observed from a far-surface notch as a result of the longitudindn€ search unit relative to that of the flaw. Figs. 14 and 15
wave from the transmitter reflecting at the flaw base and bein#lustrate the nearly linear relationship between normalized
received as a longitudinal wave by the receiver. The thirdlaw height and this signal separation. The most useful feature
signal is usually the strongest because it results from thef the Bi-Modal sizing method is that the flaw height can be
mode-converted shear wave from the face of the flaw. Theneasured anywhere along the length of the flaw as long as both
reflection of the incident shear wave at the flaw opening resultée longitudinal wave and the mode-converted signals are seen
in the fourth signal which is analogous to the far-surfacemoving in unison on the screen, allowing height measurements
creeping wave signal. The echo-dynamic curve is broadest fde be made even when a wide weld crown is present. A second
the longitudinal wave signal and narrowest for the creeping TOF measurement may sometimes be used to confirm the
wave signal as shown in Fig. 12. The mode-converted signdlaw height. This second measurement is obtained by noting
peaks shortly after the flaw is insonified. It follows from the difference in arrival time of the longitudinal wave signal
geometrical considerations that the echo-dynamic curves faand the longitudinal wave signal reflected from the flaw base.
the longitudinal wave signal and the far-surface creeping wavéhese two signals also move in unison and form a linear
signal are nearly synchronous for a large flaw (that is, the riseelationship when the flaw is oriented vertically.
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FIG. 11 Interaction of the Incident L-Wave and S-Wave from a Bi-Modal Search Unit with a far-surface Connected Flaw Resulting in
Four Associated Signals

6.4 Focused Longitudinal Wave or Dual-Elements Focuseds placed on the weld reinforcement and directed at the flaw. In
Shear Wave MethodsThe dual-element focused longitudinal this case instead of a diffracted wave returning to the search
or dual-element focused shear wave flaw sizing techniques atmit, the upper extreme of the flaw face reflects ultrasonic
essentially the TOF or sound-path measurement techniquesergy back to the search unit. The result is a high-amplitude
with the use of focused longitudinal or shear wave search unitsignal with a long or broad echo-dynamic pattern. Due to an
generally greater than 50 % from the far surface in depthobliquely oriented flaw, a flaw height measurement obtained in
These techniques are particularly suitable for sizing flawshis manner tends to undersize the flaw when the location of the
which are mid-wall to very deep. The use of high beam anglepeak reflection is used as the tip location. The user must
results in this technique being the most accurate for very deegompensate by moving the search unit toward the flaw until the
flaws. As with the tip-diffraction method, the signal from the signal drops by about 3 dB or by finding the slight rise in

flaw tip is maximized or peaked and its time of flight or soundamplitude along the leading edge of the echo-dynamic pattern,
path is recorded without regard to the arrival time of otheryhich is due to the diffracted wave from the flaw tip.

signals. The focused longitudinal wave and focused shear wave

sizing techniques are used to measure the remaining |igamentNOTE 3—A limitation of this method with a focused longitudinal wave

of good material between the flaw and the scanning Surfacé_earch unit is .that associated shear_waves (if not properly identified) may
Actual flaw height is obtained by subtracting the remainingcause confusion and could result in mode-converted signals that may
ligament from the local wall thickness. Occasionally, the signaforoduce erroneous measurements.

associated with the upper extreme of a flaw is due to beam Search unit frequency, refracted angle, element size, and
reflection rather than diffraction. This is most prevalent when docal depth are factors for determining the effective range of
flaw follows the weld fusion line toward the outside surface ofthe technique. Common search unit frequencies are 2 MHz and
the weld and is oriented away from the weld and the search unit MHz, with the lower frequency preferred for coarse grain
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FIG. 13 Correlation of Normalized Flaw Height With Time Delay, 7, Obtained by the Bi-Modal Time of Flight Technique

materials, for example, austenitic. The effectiveness of sizinghe penetration depth by reducing the frequency to increase
with high-angle longitudinal waves is strongly dependent orbeam spread or by reducing the incident angle for a lower
the selection of a search unit that produces a beam shapentral refracted angle, that is, a 60-degree or a 45-degree

appropriate to the application. When sizing a flaw in thin-walllongitudinal wave or shear wave search unit. It is essential to
material, select a beam angle that does not penetrate very
deeply into the component. For thicker-wall material, increase
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measure the focal depth of the search unit using a reference7.1.2 Instrumemnt—A pulse-echo ultrasonic instrument ca-
block that contains a series of known reflectors at differenpable of generating and receiving frequencies in the range of at
depths. least 1 to 5 MHz should be suitable for sizing with the
. i o . far-surface Creeping Wave or 30-70-70 mode conversion
7. Ultrasonic Flaw Sizing Standardization Requirements method. The instrument should exhibit adequate resolution and
7.1 Far-Surface Creeping Wave Methedhe far-surface high filtering capabilities.
Creeping Wave Sizing Method depends upon pattern recogni- 7,1 3 Reference Bloek-Standardization for the far-surface
tion of the three potential signals that may be observed, fotreeping Wave technique requires special far-surface notch
example, 70-degree L wave, the mode converted signal or theference blocks. The block must have a set of notches located
far-surface creeping wave signal. By observing the absence @ various depths from the far surface. The simplest design is a
presence of these three signals, the echo dynamics of they plate or pipe section with far-surface notches located at
Signal, and the time of ﬂ|ght of the 70-degl’ee L wave Signal, anrements of 10 % or 20 % depthsy for examp'e, 10 %’ 20 %'
user can classify a far-surface connected crack into the innefg o4, 60 %, 80 %. The user should become familiar with the
be inspected. . flight of the 70-degree L wave signal, the amplitudes and
7.1.1 Search Unit—The pattern of the three signals strongly echo-dynamic patterns of the mode-converted signal and the
depends on several search unit parameters. Before attemptifg-surface creeping wave signal as different depth notches are
to apply this method with a new search unit, the sound wav@ncountered. If these notches are used to familiarize the user
patterns should be evaluated using known notch reflectors gjith various signals that may be encountered, the block should
various depths, 20 %, 40 %, 60 %, and 80 %. There may bgqual the thickness of the component to be examined.
significant variations between search units with identical face- 7 1 4 System StandardizatiesThe far-surface Creeping

plate parameter values, even if they are from the sam@yaye or 30-70-70 mode conversion technique does not depend
manufacturer. Generally, a single-element search unit is suils, the arrival time of the flaw tip signal, so the system does not
able for most applications. _ . _ have to be standardized accurately for distance. The same
7.1.1.1Beam Angle-The primary intent when sizing with  search unit used for the refracted longitudinal wave sizing
the far-surface Creeping Wave method is to produce differenyqinog may be used for the far-surface Creeping Wave

beams at the far surface and utilize the responses from theg&-pnique. Use a notched block for standardization following
beams to categorize flaw height. This goal is met by usingpege steps:

70-degree longitudinal waves or refracted longitudinal waves
at 55 degrees and higher. ; fth
/.1.1.2 Frequency—To limit beam spread and its degrada- Sld76104tzePT§(r:§etT1.e search unit near the end of the reference
tion of sizing accuracy, higher frequencies than those Com'loc.;k' bbserve the 70-dearee mode converted L wave signal
monly used during examination are suggested. Narrow—banla y 9 9

search units will avoid the beam spread caused by tht"émd creeping vll/ar\]/e S|gna!s. . .
low-frequency components of the spectrum. A frequency of 2 7.1.4.3 Peak the creeping wave signal, and adjust delay and

MHz seems ideal for austenitic material, while 4 MHz seemd@ng€ controls to position the 70-degree mode converted L
more effective for carbon steel materials. wave and creeping wave signals at 4 and 5 screen divisions

7.1.1.3 Elements—Specially designed search units with reSPectively. _ , .
single- or dual-element search units may be used. It is very 7.1.4.4 Adjust the creeping wave signal amplitude to 80 to
difficult to eliminate internal wedge reflections and entry 100 % full screen height. Then increase the instrument ampli-
surface noise with a 70-degree, single-element search unfde by 8 dB. This reference level is now the primary scanning
These single-element problems can only be avoided with long§"d evaluation level.
wedge paths. This can lead to increased beam size and make’-1.4.5 Place the search unit to peak the creeping wave
search unit movement difficult. Element size is significant.Signal from the 20 % notch. Record echo dynamic movement
Very small elements will have excessive angular beam sprea@f the 70-degree mode converted L wave signal as the search
and very |arge elements may produce beams with too mucHnit is scanned toward and away from the far-surface con-
penetration. The optimal size will probably be a function ofnected notch.
wall thickness, with larger elements being acceptable for 7.1.4.6 Place the search unit to peak the creeping wave
greater thickness. Generally, a 10 mm or a 0.375 in. diametegignal from the 40 % notch. Record the echo dynamic move-
or square search unit will work for most applications. ment of the 70-degree mode converted L wave signal as the

7.1.1.4 Contact Area—The search unit contact area or search unit is scanned toward and away from the far-surface
“footprint” should be as small as practical. With dual searchconnected notch. If present, record the amplitude of the
units, small search unit width is necessary for proper couplingO-degree L wave signal.
of both elements to the scanning surface. Short length is 7.1.4.7 Place the search unit to peak the creeping wave
desirable for adequate coupling in pipe weld conditions ofsignal from the 60 % notch. Then record echo dynamic
diametrical weld shrinkage, especially if the shrinkage is madenovement of the 70-degree mode converted L wave signal as
more severe by grinding of the weld crown. If the search unithe search unit is scanned toward and away from the far-
is too long, there may be entry angle variations with strongsurface connected notch. If present, record the amplitude of the
effects on the refracted angle. 70-degree L wave signal. Increase the gain to bring the

7.1.4.1 Adjustthe delay to display the initial pulse at the left
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70-degree L wave signal up to at least 40 % full screen heightinit characteristics must be documented adequately prior to use
(FSH). Peak the longitudinal wave signal and record theaf examination repeatability is necessary.
horizontal screen division position, for example, 2.5 divisions. 7.2.1.1 Beam Angle-Refracted beam angles in the range of
7.1.4.8 Place the search unit to peak the creeping wav40 to 60° can generally be used with the tip-diffraction method.
signal from the 80 % notch. Then record echo dynamidDue to the long sound paths involved in the second half-V path
movement of the 70-degree mode converted L wave signal @schnique, it is preferable to use refracted angles in the range of
the search unit is scanned toward and away from the 80 %0 to 52° from the perpendicular. Higher beam angles require
notch. Record the amplitude of the 70-degree L wave signalonger metal path distances and the energy may be attenuated
Increase the gain to bring the 70-degree L wave signal up to &b an almost nonexistent level.
least 40 % FSH. Peak the L wave signal and record the 7.2.1.2 Frequency—Search units may have either single or
horizontal screen division position, for example, 1.8 divisions.dual elements in the nominal frequency range of 2 to 5 MHz.
7.1.4.9 A typical sequence of recordings is shown belowFavorable results have been obtained with nominal frequencies
These values will be relative to the search unit design an@f 4 and 5 MHz when the sizing is limited to the first half-V

frequency, and material type and thickness. path and height of the flaw is minimal. To maintain penetration
Notch Depth  70° L Wave Creeping Wave  70-degree Mode Converted of shear _vvaves through large-grain bqse metal structure_s, low
Signal L Wave Signal frequencies such as 2.25 MHz are desirable. However, this low
0, visi . .
o none 22 Guisions e frequency does result in a sizeable amount of beam spread,
60 % 2.5 divisions 4.5 divisions ves which reduces the accuracy of the sizing method. Occasionally,
80 % 1.8 divisions 5.5 divisions yes tip-diffracted signals are detected with lower frequencies (for

example, 1.5 MHz). The tip signal should be noted if identified
pends primarily on the arrival time of the flaw tip signal and,du“ng the flaw detection process. The flaw depth should then

in some cases, on the arrival time of the flaw base or corne® Measured using higher frequencies. o
signal. Consequently, it is important to standardize the screen 7-2.1.3 Propagation Mode-Either shear or longitudinal
accurately for sound path, however, it is always acceptable taves may be used for the tip-diffraction sizing techniques
standardize the screen to read directly in depth as a function §fhen using the first half-V path technique. Due to the high

a percent of component thickness. This approach is generalffténuation of stainless steel, longitudinal waves may present
more convenient. higher amplitude tip-diffracted signals, but decreased resolu-

tion. Longitudinal waves are impractical with the second
half-V path technique since the search unit also produces a
shear wave which may cause confusion. Also, the longitudinal
ave tends to mode convert to shear wave as the ultrasonic
eam reflects at the opposite surface. The large amount of
r{node conversion reduces the signal-to-noise ratio even more.
dditionally, the presence of many spurious signals from the
various mode converted signals may present the user with more

resolution search units work well with the time of flight (TOF) opportunities to select the wrong signal and misidentify it as
technique; 4) Large beam spread may be beneficial Whenthe flaw tip. i

sizing suspected midrange flaws with the delta time of flight 7-2-2 Instrument-A pulse-echo instrument capable of gen-
technique because this technique requires viewing of the ti§'ating and receiving frequencies in the range of at least 1 to 5
and base signals simultaneousl§) The characteristics of the MHZ is suitable for sizing with the tip-diffraction method.
search unit selected should be thoroughly investigated witvoid screen displays showing signals that have minimal
reference blocks before attempting any sizing technigqs; (fllterlng. Horlzontal I|n_e_ar|ty sh_ould be within 2 %_ _of full
Longitudinal waves can enhance the tip signal but may producgcréen width. The ability to view the full, unrectified RF
spurious mode-converted indicationd) (The distance from waveform is helpful during sizing. It |s.recommended that
the front of the search unit to the beam index point should bélltrasonic instruments capable of displaying the RF waveform
minimal in order to maximize the diffracted signal from the P& used.

flaw tip when a wide weld crown is present; ai®) Beware of 7.2.3 Reference BlocksThe reference block (or blocks)
reflections that may occur from within the search unit wedgeshould contain special reference reflectors (for example,
These can occur in the area of interest on the display and caiptches having various depths) that pertain to the standardiza-
increase the difficulty of identifying the tip signal. Various tion for specific sizing technique(s). To standardize the time
search unit designs with different element sizes and arrang&ase, use 1-in. thick, flat plate of material similar to the
ments can be used. It must be pointed out that the individusggomponent to be examined. This plate should have notches
search unit design parameters greatly influence their effectivdrom 10 to 90 % deep in steps of 10 %. The most desirable
ness. For the Tip-diffraction method using delta time of flightreference block is the same thickness as the component
technique, a search unit that is highly damped to a maximurgontaining the flaw to be sized, but standardization can be
pulse length of one and one half to two cycles at the -6 dBaccomplished with any known thickness.

points is desirable. This will improve resolution for sizing very  7.2.4 System StandardizatienThe tip-diffraction method
shallow flaws, that is, less than 10 % wall thickness. Searcldepends primarily on arrival time differences between the

7.2 Tip-Diffraction Method—The tip-diffraction method de-

7.2.1 Search Units—When selecting a search unit for sizing
planar flaws using the tip-diffraction method, the following
guidelines should be considered) (A very high signal-to-
noise ratio is desired. This characteristic is governed by th
frequency, diameter, and wave mode) (High-resolution
search units (higher frequency, shorter pulse length) will aid i
sizing very shallow flaws because the tip and base signals a
close together and nearly coincident in time3) (High-
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pulses from the base of the flaw and the flaw tip. Itis, therefore, Screen Divisions Depth from Far-Surface
important that the screen be standardized accurately for sound 0 100 %
path. Sound path standardization may be accomplished in ; 282//2
exactly the same fashion as the standardization for flaw 3 40 %
detection if it is limited to second half-V path. The horizontal g g?’/;%

sweep is standardized in inches or mm of sound path along the
beam path. Any reference block used for sweep distance 7.2.4.2 Standardization for Delta Time of Flight Technique
standardization may be used, for example, IIW, DSC, etc(Direct Flaw Depth Measuremerf)Standardize the ultrasonic
There is an alternative sweep standardization which is simplgstrument as in 7.2.4.1, record the screen divisions of separa-
and results in higher accuracy. In this case, the horizontdion for the base and tip-difiracted signals for each of the
sweep is standardized in depth. A reference block consisting afotches. They will be approximately as follows:

a series of far-surface connected notches is required (see Fig. Notch Depth Divisions of Separation
16)_ 20 % 0.5 Divisions
. VISt
7.2.4.1 Standardization for the Time of Flight (TOF) Tech- 2802 };2 3:5:2:222
niqueTo standardize for direct flaw depth measurements when 80 % N/A
using the time of flight (TOF) technique: With the deeper notches, that is, 60 % and 80 %, the tip and
NoTe 4—The first 5 steps are a simple technique to establish a coars@‘e_ bf'?lse signal may not be seen on the.mStrumem screen due
standardization. to limited beam spread of the search unit.

7.3 Bi-Modal Technique

f 7.3.1 Search Uni—The Bi-Modal search unit consists of

Yo moderately damped search units, one mounted behind the

. other (tandem design) on a plastic wedge with two refracting

the far-surface corner of the end of the reference block edge angles. Both elements are bi-modal, that is, each is
i ) - : capable of transmitting and receiving both a longitudinal wave

(3) Peak this half-V path signal and using the delay controlyq 4 shear wave signal. The roles of the two elements can be
adjust this signal to 5 horizontal screen divisions. interchanged.

(4) Move the se_arch unit from the end of the block to peak 73 1.1 Beam Angles-In the transmit-receive mode of op-
the near-surface signal at the edge of the reference block angyation, one element transmits a high-angle longitudinal wave
using the range control, adjust this full-V path signal to 10peam as well as a low-angle shear wave. The other element is
screen divisions. directed to receive all sound waves emanating from the upper

(5) Alternate between the delay and range controls to sefind lower extremities of a far-surface connected flaw.
the far-surface corner to 5 divisions and the near-surface corner7.3.1.2 Mode of Propagation-The search unit transmits
to 10 divisions. and receives both longitudinal and shear wave signals.

(6) Locate the base signal or corner signal of the 80 % 7.3.2 Instrument—A pulse-echo, ultrasonic instrument ca-
far-surface notch. Move the search unit forward to peak thgable of generating and receiving frequencies in the range of at
tip-diffracted signal from the tip or edge of the notch. Using theleast 1 to 5 MHz with linear and stable time base should be
delay control adjust this signal to 1 horizontal screen divisionguitable for sizing with the multi-pulse observation sizing

(7) Locate the 20 % far-surface notch to obtain the base omethod. An RF display mode is not required, but is desirable.
corner signal. Move the search unit forward to peak the 7.3.3 Reference Block-Standardization for this sizing
tip-diffracted signal from the tip or edge of the notch. Using themethod also requires special reference blocks. As with the
fine range control adjust the peaked signal to 4 screeother sizing methods referenced in this document, the reference
divisions. block must have a set of planar notches located at various

(8) Alternate between the delay and range controls to sedepths from the far surface. Using additional blocks, the user
the 80 % tip signal to 1 screen division and the 20 % tip signakhould become familiar with the echo-dynamic patterns of the
to 4 divisions. various signals expected from components of known thickness.

(1) Select a suitable reference block with at least two
notches of known depths, bracketing the flaw depth range
interest, for example, 20 % and 80 % deep notches.

\

FIG. 16 Sizing Reference Block
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7.3.4 System StandardizatierA reference block contain- possible to standardize the screen to read directly in depth. The
ing far-surface notches as in Fig. 16 or Fig. 17 is necessary tdepth approach is preferred.
standardize the time base of the ultrasonic instrument. Each 7 4.1 Search Units—The focal depth of the longitudinal
notch in a 25 mm (1-in.) thick reference block increases by Svave and shear wave search units depends on several search

mm (0.2 in.) or 20 % depth increments. . ~ unit parameters. Before attempting to apply this sizing method
7.3.4.1 Standardization for the Time of Flight techniquewith a new search unit, it is essential to determine the focal
should be conducted as follows: depth of the search unit with known reflectors at known depths.

(1) Position the Bi-Modal search unit at the edge of theresults between search units having identical faceplate param-
reference block to display the three primary signals, that is, theter values may vary significantly even if they are from the
refracted L wave signal, the mode converted shear wave signalame manufacturer. Search unit selection should be based on
and the far-surface Creeping wave signal. the component thickness and depth of penetration. The objec-

(2) As a ranging technique, using the range controltive is to insonify a layer of the component thickness under the
separate the second and third signals by approximately 28ear surface without penetrating to the opposite surface.

screen divisions. _ 7.4.1.1 Beam Angle-The primary intent when sizing with

(3) Position the Bi-Modal search unit to peak the refracteding fqcysed longitudinal or focused shear wave techniques is to
L wave signal from the 80 % far-surface connected notchjinit the penetration of the beam into the component in order
Adjust the delay control to position this to 1 horizontal screeny, 4yoig confusion from unidentifiable ultrasonic signals.

division. _ _ Focused search units should only be used with the first half-V
(4) Position the Bi-Modal search unit to peak the refractedpath technique. Dependent upon the examination volume

L wave signal from the 20 % far-surface connected notchyqery; thickness), 45, 60, 70 degree L-waves or shear waves,
Adjust the range control to position this to 4th horizontal 5,4 near-surface Creeping Waves may be used.

screen division. L . .
(5) Alternating between delay and range controls ensure 7.4.1.2 Frequency—To limit beam spread and its negative

the signal from the 80 % notch is at screen division 1 and thé‘a.ffeCt On sizing accuracy, it is deswgble to use hlg_her frequen-
; . S cies than those commonly used during flaw detection. Narrow-
40 % notch signal is at the screen division 4.

(6) The instrument is now standardized such that 5 screeRgggegegrcr:hgn;gs\,vi?gulldenbce L::sé)en? toongmlst g:‘etr?:asmesc[t)rrfsd
divisions equals 0% and O screen divisions equals 100% I hy v-ireq | Y hp Id h _Spectrum.
through-wall depth. deally, the transmitting element should have a tuning circuit

7.3.4.2 Standardization for the Delta Time of Flight tech-that will optimize the effects of possible pulser impedance
L : ' .~ _variations on the frequency spectrum. If the frequency is too
nigue should be conducted as follows. With the Time of Fllghth. h then the penetration depth will be inadeauate for locatin
standardization set, record the separation in horizontal screeﬁr? i)ut the de[()a est flaws Agearch unit of 4?” 5 MHz shoulg
divisions between the refracted L wave and mode converted Y - eepest faws.

permit quantitative sizing of flaws that reach to the outer

signals. Approximate values are shown below. thickness of the near surface. Lower frequencies of 2 and 3

20 % Notch 2.1 Screen Divisions -
40 % Notch 55 Screen Divisions MHz are acceptable dependent upon the depth of penetration
60 % Notch 2.9 Screen Divisions desired.

80 % Notch 3.3 Screen Divisions

7.4.1.3 Elements—Either single or dual-element search
7.4 Dual-Element Focused Longitudinal or Focused Shearunits may be used. Note that it is very difficult to eliminate
Wave Methods-As with the tip-diffraction TOF technique, internal wedge reflections and entry surface noise when using
high-angle focused longitudinal wave or focused shear wava single-element search unit for high-angle longitudinal wave
methods also depend primarily on the sound path travel of thexamination. These single-element problems can only be
flaw tip signal. It is important that the screen be standardize@voided with the use of larger wedges, however, this can lead
accurately for sound path distance; however, it is alwaydo increased beam size and difficult search unit manipulation.

Stepladder Standardization Blocks

A (To fransmitter)
Sk

B (To receiver)

A (To ansmitter)
o

e

, A B B (To receiver)

Standardization for inches of through-wall distance
FIG. 17 A Bi-Modal Search Unit Positioned on the Reference Block for Maximum L-wave Signal Amplitude from the Fourth Step
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Element size is an important consideration. Very small eleto observe the response from either a near-surface notch or the
ments will have excessive angular beam spread, and very largad of the block. These signals appear at the same horizontal
elements may produce beams with too much penetration. Thgosition as a 100 % through-wall flaw. When a planar flaw
optimal size will probably be a function of depth of penetrationsignal is obtained and maximized, its distance below the near
and wall thickness, with larger elements being acceptable fosurface will be indicated by the time-of-flight (sweep position),
greater thicknesses. or depth from the near surface. This dimension is subtracted
7.4.1.4 Contact Area—The search unit contact area or “foot from the local thickness of the component to determine the
print” should be small. With dual-element search units, smalflaw height. If notches are used, the block should be of the
search unit width is necessary for proper coupling of bothsame thickness as the component. If the reference block is used
elements to the surface. Short length is desirable for adequataly for establishing the screen distance standardization, its
coupling in conditions of diametrical weld shrinkage, espe-thickness is not important provided that it is a known thickness
cially if the shrinkage is made more severe by grinding of theand it is thick enough to fully characterize the ultrasonic beam.
weld crown. 7.4.4 System StandardizatienThe focused longitudinal
7.4.1.5 Focal Depth or Focal Sound PathDual-element wave or focused shear wave techniques depend primarily on
search units focus at a point directly beneath or only slightlythe time of flight or sound path. The instrument must be
ahead of the housing to maximize the signal. This is the poinstandardized accurately for distance or depth. Standardization
at which the sound beams would cross or Beam Crossovenay be performed using a notched block.
Point. This may result in insufficient access to deep flaws if the 7.4.4.1 Adjust the delay to display the initial pulse at the left
weld crown is present. The exit point-to-front of search unitside of the screen.
distance should be as small as practical and the crossover point7.4.4.2 Obtain a signal from the end of the reference block
distance should be as long as practical. The focal sound path gth the index point placed very near the block end. This will
generally noted for each type of focused dual-element searahot be a corner reflection from the bottom of the block; it will
unit. The more important measurement is the focal depth of thge a reflection from the top part of the end of the block. Verify
search unit. This can be calculated by the following formula:that the correct signal is obtained by finger-damping near the
FD = FS(Cos of the refracted angle of the search unit top of the end face.
7.4.4.3 Adjust the delay and range controls to place the
where: end-of-block signal at 0 horizontal divisions.
FD = focal depth, and 7.4.4.4 Place the search unit index point directly above the
FS = focal sound path. . . . .
7.4.2 Instrument—A pulse-echo ultrasonic instrument ca- reference notch or hole located at 0.10 in. (or metric equiva-
pable of generating and receiving frequencies in the range of Ient from_ the near surface. Move the search_ unit backward,
least 1 to 5 MHz should be suitable for sizing using the% Ole.' With focused L waves, one or more signals fron_1 the
high-angle longitudinal wave method. Horizontal linearity associated she_ar wave comppnent may appear. Cpntmue 0
should be within 2 % of full screen widfh The system should'2Ve back until a separate signal appears. This will be the
: focused longitudinal wave or focused shear wave signal. It can

exyli)lgi\()jefquate releolit_lg? agd g!ght_flItefrlngt;hcafpabllltlgsl. be recognized by the fact that it usually travels more along the
<. Relerence bloex-standardization for the focused 1on- 00y paseline than the mode converted signals.

gitudinal wave or focused shear wave sizing techniques re- 7 445 When the focused L wave or focused shear wave

quires special reference blocks. The block must have a set of . L X X o
. Signal is maximized, visually verify that the search unit index
planar or rounded reflectors located at various depths from the

examination surface. An example is a flat plate or pipe sectioﬁgg]r:q'sa': ﬁgex(rfﬁsetr tﬂzsgg)lg tocgﬁifglt ;[Qe [:{;lgctﬁ;vglithn;h;?hl

with far-surface notches located at increments of 0.10 in. indiViSion gie. Ad) y P 9

depth below the near surface, thatis, 0.10 in., 0.20 in., 0.30 in., ' . - . -

0.40 in., etc. or if metric, 2 mm, 4 mm, 6 mm, etc. Alterna- 7.4.4.6 Obtain and_ maximize the high-angle longitudinal
wave or shear wave signal from the notch or hole located at the

tively, a reference block with side-drilled holes located at’, ~". .
increments of 0.10 in. (or metric equivalent) in depth below thedeSIred depth below the near surface, for example, 0.500 in. or

near surface can be used. The signals noted from the holes a%)lcally 12.5 mm if using me_ztrlc reference bloc!<s_. .AdJUSt the
due to reflection rather than diffraction, and the central part ofange control t(.) placg this signal at 5 screen dIVIS.IOI’]S. .
the ultrasonic beam is apparently bent as it propagates into th 7.4.4.7 Continue with the other notch or hole signals u_ntll
component, resulting in the beam interacting with the holes af'€Y are to far from the near surface to be detected with a
various depths. The beam may reflect off of the side of the hol§ignal-to-noise ratio of at least 3. Increase instrument gain as
at the 0.1-in. depth and near the top of the hole at the 0.4-i!€¢€SSary.

depth. This is dependent upon the refracted angle of the search’-4-5 The screen setup should now be as follows:

unit and the depth of the hole. Starting with the notch or holeE ol kRe“eCtOV Signal HOfizonta(') Divisions
located 0.10 in. (or metric equivalent) in depth below the neaf) geop 1
surface, set the ultrasonic response from the notch tip at d2in. deep 2
horizontal screen division. Standardize the instrument screehs in- deep 3
so that each horizontal division represents 0.10 in. (or metrigs - 5P 4

. . p ' ' : %.5 in. deep 5 (may not be detectable:
equivalent) of depth into the component. The beam entry point dependent on search unit)

is placed at the extreme left side of the screen. It is also usef(ffor metric standardization, select accordingly). See Fig. 18.
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The standardized region of the screen is from 1 division tasignals observed on an actual far-surface connected flaw. If
the position of 0.500 in. below the surface. As a general rulepnly the far-surface creeping wave signal is observed, the flaw
do not attempt to size cracks outside this standardized rangis. approximated to less than 10 to 15 % depth. If the far-surface
Instrument gain will likely need to be increased to obtain thecreeping wave signal and the mode converted signal, are
last one or two signals. Also, the near-surface notch signabbserved, the flaw is approximated to greater than 15 to 20 %
would be well over 100 % full screen height. Note that the arealepth. If the far-surface creeping wave signal, the mode
of the screen where the mode converted shear wave signatsenverted signal, and a 70-degree L wave are observed, the
appear from the far surface is to the right half of the screerlaw is approximated to greater than 40 to 50 % depth.

outside the standardization region. Note 5—These estimates are a typical evaluation from a far-surface-

8. Sizing Applications notch reference block. Thesg estimates will vary with type of sea_rch_unit,

) frequency, size, material thickness and type. Another key point is to

8.1 Far-Surface Creeping Wave or Mode Conversionobserve the echo dynamics of the mode converted signal. A broad echo
Technique—Once the flaw’s existence has been verified withdynamic movement of the mode converted signal would confirm the
the detection and characterization techniques, the next decisidfgsence of a 70-degree L wave signal to verify a deep flaw greater than
is to estimate the vertical extent of the flaw as measured frorfi* © 50 % through wall.
the far surface. The far-surface Creeping Wave or Mode 8.2 Tip-Diffraction Technique-Tip-diffraction sizing may
Conversion Method will place the flaw intis-depth zones. be performed using the first or second half-V path techniques,
The far-surface Creeping Wave method will provide a qualita-and the user may choose either the Time of Flight (TOF) or the
tive estimate of the flaw depth. The technique also confirm®elta Time of Flight (- TOF) techniques. The results should be
that a flaw is surface connected by the presence of the Creepiitige same if the flaw is vertical and the actual material thickness
Wave signal. The component thickness is divided ifto is known. If more than one of these combinations of methods
thickness zones; innét, middle¥s and the oute¥s volume or  is used and different results are obtained, the user must
zone. Using the far-surface creeping wave, the user cadetermine whether to accept the results of one method or
approximate the flaw depth into one of thezones. Once the disregard all results and attempt sizing with one of the other
flaw is qualitatively sized, for example, 20 to 30 % deep, thertwo methods. If the flaw is not vertical, the - TOF technique
the other sizing methods and techniques are used to providevéll provide inaccurate results; therefore if the flaw is sus-
finite flaw depth estimate, for example, 23 % through-wall.pected to be oriented other than essentially vertical, the user
Generally, the following steps are used for evaluation with theshould choose the TOF technique. Experience has shown that
far-surface creeping wave to approximate the flaw depthoccasionally the second half-V path, TOF technique may
However, the standardization performed on the referencexaggerate the flaw height as the ultrasonic beam may be
blocks addressed in Section 7 is used for comparison witlhedirected slightly at the reflection. This leads to the conclusion

A= end of block
A B=0.1" deep reflector
100 B C=0.2" deep reflector
oo D=0.3" deep refiector
E=0.4" deep refiector
80— F=0.5" deep reflector
704
60— C
50—
404 D
30—
20 E
F
10—
‘ | i | | |
1 | 1
0 2 3 4 5_6 7 8 9 10

Identify signals in this area

Standardized region = 1 to 5 divisions
FIG. 18 Focused Longitudinal Wave or Focused Shear Wave Standardization
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that the first half-V path technique is more accurate and thas with austenitic stainless steel, or when the tip signal cannot
second half-V path data is used only for confirmation of flawbe resolved from the upper corner reflector signal. If both the
height in the middle to oute¥s volume of material. tip and the upper corner signal are present, which can occur
8.2.1 First Half-V Path Technique with less attenuative material, then both a quantitative and a
8.2.1.1 Time of Flight Technique-After the specific area confirming qualitative signal are attained as illustrated in Fig.
containing the far-surface connected planar flaw is identified22.
position the search unit to obtain a signal from the flaw base at 8.2.2.2 Delta Time of Flight Technique-After the specific
half-V path. Move the search unit forward to obtain thearea containing the planar flaw is identified, position the search
diffracted signal from the flaw tip. If the signal is observed, unit to obtain a signal from the flaw base at half-V path. Move
peak the diffracted wave signal from the flaw tip, then measurenhe search unit back to obtain a tip-diffracted signal from the
the sound-path distance to the signal. This distance reveals thép of the flaw. Manipulate the search unit back and forth and
amount of material above the flaw tip. The flaw height is thenook for a doublet. If the doublet is observed, measure the time
determined by subtracting this dimension from the localdifference between the two signals. The separation indicates
material thickness. Fig. 19 shows the display of a first half-Vthe height of the flaw, according to the standardization. Fig. 23
path TOF standardization and the ultrasonic beam paths relatefiows the instrument display of a second half-V Delta Time of
to that standardization. Flight standardization and a sketch of the ultrasonic beam paths
8.2.1.2 Delta Time of Flight Technique-After the specific  related to that standardization.
area containing the planar flaw is identified, position the search g 3 Bj-Modal Method—Flaw sizing on the basis of time of
unit to obtain a signal from the flaw base at half-V path. Movegjight or the delta time of flight techniques should be performed
the search unit toward the flaw and back again and look fogs follows:
evidence of a tip-difiracted signal moving in unison with the g 3 1 connect the search unit to the instrument operated in
flaw base signal (a doublet). If the doublet is observed, measukfq ransmit-receive mode.
the time difference between the two signals, (the tip signal an
the flaw base signal). The separation indicates the height of tf}%
flaw, according to the standardization. Fig. 20 shows th%a
instrument display of a first half-V path Delta Time of Flight
Technique standardization and a sketch of the ultrasonic bea

paths relative to the far-surface notches in the reference bloclf<i.nd a t|p-d|_ffracted signal frgm the reference bIO.Ck'
8.2.2 Second Half-V Path Technique 8.3.3 Using the notches in the most appropriate reference

8.2.2.1 Time of Flight (TOF) TechniqueAfter the specific block, review the echo-dynamic behavior of the various signals

area containing the planar flaw is identified, position the searcHat are expected from all flaw sizes.

unit to obtain a signal from the flaw base at half-V path. Move 8.3.4 Scan a component volume void of flaws from both
the search unit away from the flaw to obtain the diffracted wave?PPosing directions and observe the irrelevant indications, both
signal from the tip of the flaw after reflecting from the far Statically and dynamically, to the left of mid-screen. Adjust the
surface. If the signal is observed, peak the diffracted wav@@ain so that the average background noise is approximately
signal from the flaw tip, then measure the distance to the signak0 % of full screen height.

Subtracting the local wall thickness from this measurement 8.3.5 Scan over the flawed area with broad back-and-forth
reveals the flaw height. Fig. 21 shows the display of a seconthovements. Look for the mode-converted and creeping wave
half-V path Time of Flight (TOF) Technique standardization signals to the right of mid-screen. If the flaw is perpendicular
and the ultrasonic beam paths related to that standardizatiot® the surface, only two signals separated by about 2.2 screen
This technique may be effective for wide weld crowns whichdivisions and peaking between divisions 5 and 7 should be
would not allow for effective use of the first half-V path observed. The longer the signal duration, the deeper the flaw.
technique. If the tip signal is not observed but there is the 8.3.6 Scan the area from the opposite direction with broad
presence of a second half-V path corner reflector signal, thimovements and look for signals only to the right of mid-screen.
would indicate the presence of a very deep flaw. This signalf the signal patterns are essentially the same when the flaw is
would only provide qualitative information that the flaw was viewed from the two directions, it is likely that the flaw has
very large. This may occur in highly attenuative material, suchgrown perpendicular to the surface and is oriented vertically.

8.3.2 Standardize the instrument for the appropriate wall
ickness using the nomograms prepared from Fig. 13 or the
ble prepared from the nomograms. Check the standardization
R¥ observing the initial pulse at t = 0 from the edge of a block

L1 e mans s —

80 [ttt S

‘Notch Base

" Maximized
. Notch ﬂp\

01 2 846678810
FIG. 19 Example of First Half-V Path Time of Flight (TOF) Standardization

18



Ay E 2192

- NotchBase - |- - °

. NotchTip |

0123466782910
FIG. 20 Example of First Half-V Path Delta - TOF Standardization
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FIG. 22 Example of the Presence of Both the Tip Signal and the Upper Corner Signal
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FIG. 23 Example of Second Half-V Path Delta Time of Flight Standardization

8.3.7 Look for a tip-diffracted longitudinal wave signal to  8.3.9 If possible, repeat these measurements from the other
the left of mid-screen, from both sides of the component. If thedirection and profile the flaw from both directions. If a
amplitudes of the tip-diffracted signals are comparable andbngitudinal wave signal from the flaw base is received, then
smaller than that of the appropriate reference signal, then it igelative arrival time measurements between the tip-diffracted
still likely that the flaw is oriented vertically. The separation longitudinal wave signal and the longitudinal wave signal from
measured between the tip-diffracted longitudinal wave signaihe flaw base provide additional confirmation of flaw height.
and the mode-converted signal along the component from eachg 4 Focused Longitudinal Wave and Shear Wave Method
side of the flaw yields the first two estimates of flaw height| ongitudinal waves are not strongly affected by weld metal.
according to the appropriate curve in Fig. 15. The moregjven a suitable surface, ideally a flush-ground and blended

extensive the flaw, the larger the distance between the signalgeaiq crown. this method can work as well through weld metal
8.3.8 Move the search unit toward the flaw far enough toyq through base metal.

maximize the tip-diffracted longitudinal wave signal (weld

crown permitting). The time between the peaked tip-diffracted
signal and the mid-screen mark yields a third estimate of height Note 6—Instrument gain for investigating the flaw should be set such
in percent of local wall thickness. that the noise level from an unflawed area is low in amplitude but visible,

8.4.1 Signal Presentation
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that is, 10 to 20 % full screen height. The examiner should only be h=t-0.1lin(s—2)
concerned with the noise level in the part of the screen that is standard-

ized. Noise at the extreme left and right sides of the screen will have nowhere:

effect. h height,

Select the area of the component where the flaw is locatedt = Wall thickness at the flaw location, and .
Scan the area and look for signals in the standardized area sweep position of the max'm'z?d recordable_ ;lgnal,
the screen. Signals near 2 divisions should be expected to have ~ €XPressed as the number of major sweep positions.
higher amplitude and signal-to-noise ratio than those occurring Note 7—The 2 in the parenthesis results from placing the beam center
deeper into the wall (a strong signal at 2 divisions indicating entry point at 2 major sweep divisions. The constant in front of the
through-wall flaw). The screen may display the |0ngitudina|parent_hesis is_ show_n in inches._ Th_is would be converted to the applicable
wave extremity signals and the shear wave flaw opening@ue in mm if metric standardization was used.
signals moving in unison. As the search unit is scanned toward Compare the height measurements obtained from both sides
the flaw, the shear wave signal will appear late in time at highof the flaw. They should be almost equal. For weld inspection,
amplitude, and the high-angle longitudinal wave signal willthe measurement made from the weld side may be slightly
appear earlier in time (in the standardized region), probablyower if the flaw follows the weld fusion line because the
with less amplitude. If signals were obtained in either of thereceived signal will be a reflected wave from the top of the flaw
previous investigations, return to the unflawed area of the weléace instead of the extreme tip. If the heights are very different
and try to reproduce them. If similar signals are obtained in thémore than two wavelengths), then one of the signals may have
unflawed area, the recorded signals were probably not flawbeen a misinterpreted noise signal. If confirmation is achieved,
related; if the signals cannot be reproduced in the unflawethe conservative approach should be taken. Compare the height
area, they were probably flaw-related. Time permitting, repeameasurements obtained from different points along the length
the investigation at several points along the flaw. If the flaw isof the flaw. A flaw profile can be constructed from these
large enough to penetrate into the beam center, the signal-toaeasurements. If the profile shows large height changes with a
noise ratio should be sufficient to resolve the indications. In thesmall position change (small compared to the flaw length),
shallower, less intense areas of the beam, it is possible to missispect that some of the measurements are incorrect.
the tip signal. The distinction between the high- and low- o
intensity areas can be very clear, particularly for search unitd- Use of Complementary Methods for Flaw Sizing
with a very high refracted angle and relatively low beam 9.1 General Guidelines for Complementary MethedBhe
spread. When evaluating a signal in a low-intensity area of thearious sizing methods have certain limitations that prohibit
beam, the user should confirm the result using another sizintheir application to all flaw sizes. By understanding each
technique. When a large beam is used (large due to higmethod in detail with its limitations, the methods must be
angular beam spread or large elements), the tip signals maymbined to complement one another so that the user is more
exhibit extensive travel across the time-base. Such signals acenfident of the flaw size measurement obtained from several
difficult to maximize accurately and therefore should be usednethods than of a flaw size obtained from only one method.
non-quantitatively. Use a smaller beam or a different sizingThe methodology described in this document assumes that all
method to obtain a numerical value for the flaw height. of the necessary search units are available to the user to

8.4.2 Calculation of Flaw Height-If no relevant signals combine the methods in the prescribed manner. The extent to
were obtained in the standardized region, then the high-angle@hich complementary flaw sizing methods may be useful in a
longitudinal wave method has not found any evidence that th&eld environment will depend on the physical conditions of the
flaw penetrates near the near surface. If relevant signals weoemponent, the flaw morphology, the search unit selection and
present in the standardized region but excessive signal traviie time constraints imposed. Fig. 24 shows the optimum
precluded accurate definition of their sweep positions atanges of applicability for the three most important sizing
maximum amplitude, then a quantitative value for flaw heightmethods.
cannot be obtained. The only conclusion is that the flaw was 9.2 General Guidelines for Flaw Sizing Evaluatierd0
deep enough to approach the near surface to within thprovide optimum conditions for flaw sizing in welds, the weld
standardized depth range. If accurately maximized signals aown should be ground flush with the weld for the entire flaw

obtained, calculate the indicated height by the formula: length. Prior to attempting to size a planar flaw, the user must
E High-angka
=20 e rang
3 =7 long. wave
5 o
® 1.0 - Dual element
= .___.--"" | bi-modal
£ 05 Loty el
ra S —— | Flaw tip diffraction

65 10 15 20
Wall thickness (inches)
FIG. 24 Optimum Ranges of Applicability for Flaw Sizing Methods
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first verify its location and extent. This is typically accom- 9.3 Principles for Flaw Sizing-The activities as listed
plished with the original equipment used for detection. Theshould be accomplished.

next step involves searching for evidence of an extremely large 9.3.1 Verify location and extent of flaw.

flaw. The initial approach is to use the creeping wave tech- 9.3.2 Approximate the flaw depth with the far-surface
nique. The two methods of determining that a planar flaw isCreeping Wave or Mode Conversion Method.

large (High-Angle Longitudinal Wave Method and obtaining a 9.3.3 Search for evidence of a very large flaw:

signal from the second half-vee path corner reflection) should 9-3.3.1 Focused Longitudinal Wave or Focused Shear Wave
both be attempted to provide greatest confidence. If neither dylethod, )

these show that the flaw is large, the tip-diffraction method 9-3-3.2 Second Half-V Path Corner Reflection, and
should be attempted with the first half-V path technique. The 9-3:-3.3 Tip-Diffraction.

Mode Conversion and Bi-Modal Methods should add confi- 9-3-4 Search for evidence of a small flaw:

dence to the results obtained. It is recommended that whatever2-3-4-1 Tip-Diffraction, and

results are obtained, the user must confirm them using a 2-3-4-2 Bi-Modal Method. o

complementary method. Additionally, if the results show that ggg 1” g\ggﬁprgew(i)'cfhac?égﬁgrlgévn?z;(rlsﬁetho 4 and

the flaw is small, the user should also prove that it is not large 9'3'5'2 Prove that a smalﬁ)flaw doeg not exis't

by using a High-Angle Longitudinal Wave technique. This is 9.3'6. If evidence of a small flaw exists: '

important since flaws can be multifaceted and a lower facet 5 5 - : '

may provide signals indicating flaws less than 50 % through- 9.3.6.1 Confirm with complementary method,

X ; 9.3.6.2 Confirm that a large flaw does not exist, and
wall while there are other facets that may be virtually 100 % g 3 g 3 Confirmation may also be achieved by a different

th_rough-wall. It is very important that large flaws are n_ot angle of approach or by the opposite direction of approach.
missed and that small flaws are not called large. Flaw height g 3 7 |t two or more methods exhibit differing results:

determinations should also be made at several locations alongg 37,1 Eliminate those results with lowest confidence based
the flaw length to increase confidence levels and to increase thg range of applicability or repeatability or result,

chances of finding the deepest point of the flaw. In the case 9.3.7.2 In case of doubt, take value with greater height, and
where two or more methods produce different estimations of 9.3.7.3 Be aware of possible indications from weld fabrica-
flaw height, the user should be knowledgeable enough to selegbn flaws.

the correct data. This requires understanding of the theory

behind each method as well as the limitations. The diagrard0. Keywords

shown in Fig. 25 presents a flaw evaluation and sizing flow 10.1 evaluation; examination; flaw-height sizing; flaw siz-

chart with five possible sequences for estimating flaw heighting; nondestructive testing; ultrasonic
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