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Evaluating Characteristics of Ultrasonic Search Units
This standard is issued under the fixed designation E 1065; 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 Standard Methods for Testing Single Element Pulse-Echo

1.1 This guide covers measurement procedures for evaluat- Ultrasonic Transducets
ing certain characteristics of ultrasonic search units (als%
known as “transducers”) that are used with ultrasonic exami- o o ) ) )
nation instrumentation. This guide describes means for obtain- 3-1 Deéfinitions—For definitions of terms used in this guide,

ing performance data that may be used to define the acousti&€ Terminology E 1316. . _ _
and electric responses of ultrasonic search units. 3.2 Definitions of Terms Specific to This Standard:

1.2 The procedures are designed to measure search units as-2-1 aperture—the dimension(s) of the active area of the
individual components (separate from the ultrasonic test instri?i€zoelectric element of the search unit as established by
ment) using commercial search unit characterization systenféxPerimentation. _
or using laboratory instruments such as signal generators, 3-2-2 bandwidth (BVy— that portion of the frequency
pulsers, amplifiers, oscilloscopes, and waveform analyzers. '€Sponse that falls within given limits. In this text, the limits

1.3 The procedures are applicable to manufacturing accepSed are the -6 dB level, as measured from the peak of the
tance and incoming inspection of new search units or tdréquency response. The equation used= is:
periodic performance evaluation of search units throughout BW = (f, — f)/f, X 100 )
their service life.

1.4 The procedures in Annex Al-Annex A6 are generally Where:
applicable to ultrasonic search units operating within the 0.4 to‘cu _ I%R\?:rr ffrrgqlhjg;‘gy’ and
10 MHz range. Annex A7 is applicable to higher frequency fl center frgquené/),/
immersion search unit evaluation. Annex A8 describes a gmdecBandwidth is expresséd as a percentage
for measuring sound beam profiles in metals from contact 3.2.3 center frequency (f—the frequency \./alue calculated
straight—beqm search units. Additional Annexes,_such as souzg b.e.at the center of the bandwidth limits.
beam profiling for angle-beam search units in metal an 3.2.4 depth of field (l5)—as measured on the on-axis profile

alternate means for search unit characterization, will be addegT a focused search unit, that portion of the sound beam that
when developed. f

. . lIs within given limits.
aslé,?ar-:—(:];r(\j/alues stated in inch-pound units are to be regarde33.2_5 focal length (F)—for focused search units, the dis-

. tance from the lens to the focal point.
1.6 This standar_d does not purport to address all O.f the 3.2.6 focal point (F)—for focused search units, the point
safety concerns, if any, associated with its use. It is the P

L X . along the acoustic axis of the beam in water at which the peak
responsibility of the user of this standard to establish appro'(maximum) pulse-echo amplitude response is recorded from a
priate safety and health practices and determine the applica;

bility of regulatory limitations prior to use ball target reflector.
y 9 y P ' 3.2.7 frequency responsethe pulse-echo response of the

2. Referenced Documents search unit measured as a function of frequency. (This term
21 ASTM Standards: also referreq to as frequency spectrum.)
E 1316 Terminology .for Nondestructive Examinatidns 328 nor_mnal frequency {f)—the frequency stated on the
22 Other Document: label supplled_ by th(_a manufacturer.
3.2.9 on-axis profile—a sequence of measurements made
along the acoustic axis of the beam of the search unit.

* This guide is under the jurisdiction of ASTM Committee EO7 on Nondestruc- 3:2.10 peak frequency ‘g_the frequency value at the

tive Testing and is the direct responsibility of Subcommittee E07.06 on UltrasonidN@ximum amplitude of the frequency response.

Method.
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3.2.11 pulse duratior—the length of the sinusoidal burst electrical impedance may also be obtained using values re-
used to excite the search unit as expressed in time or numbeorded from the sinusoidal burst techniques as outlined in
of cycles (sometimes referred to as tone-burst). Annex A5.

3.2.12 pulse echo sensitivitya measurement that compares  4.1.4.2d-c Resistance-The d-c resistance of the search
the amplitude of the applied voltage with the amplitude of theunit may provide information regarding the electrical tuning
pulse-echo voltage recorded from a specified target. elements. Measurements are made across the terminals of the

3.2.13 shock excitatior-a short electrical impulse that is unit.
applied to the search unit. The impulse is typically a negative- 4.1.5 Sound Field MeasurementsThe objective of these
going voltage spike of fast rise time and short duration. measurements is to establish parameters such as the on-axis

3.2.14 transverse profile-sequence of measurements madeand transverse sound beam profiles for immersion flat and
along a line perpendicular to the acoustic axis of the beam docused search units.
the search unit. 4.1.5.1 Annexes A6 and A8 of this guide describe ways for

3.2.15 waveform duration-the time interval or duration making sound field measurements for both immersion flat and
over which the unrectified signal or echo from a specifiedfocused search units in water and contact straight-beam search
target exceeds a selected amplitude level as related to thaits in metal. The literature discusses several ways for making
maximum amplitude of the signal or echo (for example, —20these measurements, but the techniques described are relatively

or —40 dB). simple and easily performed.
4.1.5.2 Means are recommended for making measurements
4. Summary of Guide in an immersion tank, thereby allowing either pulse-echo (ball

4.1 The acoustic and electrical characteristics which can bir9et) or hydrophone receiver techniques to be followed. The

described from the data obtained by procedures outlined in thig02! IS to provide measurements to evaluate the characteristics
guide are described as follows: of search units or to identify changes that may occur as a

4.1.1 Frequency ResponseThe frequency response may 'Unction of time or use, or both.
be obtained from one of two procedures) ghock excitation 4.1.5.3 None of the measurements of sound beam patterns

and ) sinusoidal burst. Annex Al describes procedures fo€ inte'nded to define limits of performa_nce. They are designed
obtaining frequency response for immersion and zero-degrd@ Provide a common means for making measurements that
contact search units. Annex A2 describes the procedure fgPa@y be used to define the initial and inservice performance.

obtaining bandwidth characteristics. Note 2—No procedure is given for measuring sound beam profile
4.1.2 Relative Pulse-Echo Sensitivif{f.)—The relative characteristics for angle-beam search units. Several potential approaches
pulse-echo sensitivity may be obtained from the frequencyre being considered, but have not yet gained subcommittee agreement
response data obtained using the sinusoidal burst procedu@é-4 _ _
described in Annex Al. The value is obtained from the Note 3—Frequency Response Displaykhe frequency responses in
relationship of the amplitude of the voltage applied to theF'g' 1 and Fig. 2 and throughout the text are displayed as a linear

. . . . “amplitude (not logarithmic) response as a function of frequency. The
search unit and the amplitude of the pulse-echo signal rece'verérclording or line drawing shows only the positive component or envelope

from. a specified target. Annex A3 describes the procedure fogs the responses. While this is the normal display for a spectrum analyzer,
obtaining pulse-echo sensitivity. the sinusoidal burst response is shown as only one-half of the actual

. . I . sinusoidal wave.
Note 1—Values for applied and receivgawer, from whichinsertion

lossmight be determined are not covered with procedures described in th

quide g Significance and Use
5.1 This guide is intended to provide standardized proce-
ures for evaluating ultrasonic search units. It is not intended to

efine performance and acceptance criteria, but rather to

4.1.3 Time ResponseThe time response provides a means
for describing the radio frequency (rf) response of the wavey

form. A shock excitation, pulse-echo procedure is used 19,4 iqe data from which such criteria may be established.

obtain the response. The time or waveform responses are ,
s 5.2 These procedures are intended to evaluate the charac
recorded from specific targets that are chosen for the type qf

search unit under evaluation (for exam : . teristics of single-element piezoelectric search units.
ple, immersion, contac . . :
straight beam, or contact angle beam). Annex A4 describes the 2.3 Implementation may require more detailed procedural
procedures for measuring time response. Instructions in a format of the usmg.facmty.
4.1.4 Electrical Impedance 5.4 The measurement data obtained may be employed by

4.1.4.1 Complex Electrical ImpedaneeThe complex elec- users of this guide to specify, describe, or provide a perfor-

o . . S mance criteria for procurement and quality assurance, or
trical impedance may be obtained with commercial |mpedanc§ P quaity

measuring instrumentation. and these measurements ma ervice evaluation of the operating characteristics of ultrasonic
g m ] ; Y 8&arch units. All or portions of the guide may be used as
used to provide the magnitude and phase of the impedance .
: . determined by the user.
the search unit over the operating frequency range of the unit.
These measurements are generally made under laboratory
conditions with minimum cable lengths or external accessories
and in accordance with the mstrucUops of the instrument 4 The boldface numbers in parentheses refer to a list of references at the end of
manufacturer. The value of the magnitude of the complexnis test method.
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FIG. 1 Test Data Available from Shock Excitation Procedure
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FIG. 2 Test Data Available from Sinusoidal Burst Technique

5.5 The measurements are made primarily under pulse-ectuapability, breakdown voltage, wear properties of contact units,
conditions. To determine the relative performance of a searctadio-frequency interference, and the like.

unit as either a transmitter or a receiver may require additional 57 care must be taken to ensure that comparable measure-
tests. _ _ ments are made and that users of the guide follow similar
5.6 While these procedures relate to many of the significant, ocequres. The conditions specified or selected (if optional)

parameters, others that may be important in specific applicgy,,y, affect the test results and lead to apparent differences.
tions may not be treated. These might include power handling
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5.8 Interpretation of some test results, such as the shape gfiency response, peak frequency, bandwidth, bandwidth center
the frequency response curve, may be subjective. Small irregdrequency, and time response may be obtained.
larities may be significant. Interpretation of the test results is g2 Fig. 2 illustrates the typical results obtained using the
beyond the scope of this guide. _sinusoidal burst technique. Values may be obtained for fre-
5.9 Certain results obtained using the procedures Ou“'”equency response, peak frequency, bandwidth, bandwidth center

may differ from measurements made W.'th uItrasqmc tes requency, relative pulse-echo sensitivity, and magnitude of the
instruments. These differences may be attributed to differenceg, iical impedance from the data recorded with this tech-

in the nature of the experiment or the electrical characteristic%i ue
of the instrumentation. que-

5.10 The pulse generator used to obtain the frequenc
response and time response of the search unit must have a rise
time, duration, and spectral content sufficient to excite the 7.1 aperture; bandwidth; characterization; contact testing;
search unit over its full bandwidth, otherwise time distortiondepth of field; focal point; frequency response; immersion
and erroneous results may result. testing; peak frequency; search unit; sound beam profile; time
response; ultrasound

Keywords

6. Typical Results Obtainable from Tests Described in
Annex Al-Annex A5

6.1 Fig. 1 illustrates some of the typical results that may be
obtained using shock excitation techniques. Values for fre-

ANNEXES
(Mandatory Information)

Al. MEASUREMENT OF FREQUENCY RESPONSE

Al.1 Introduction—The frequency response (also known oscilloscope, and spectrum analyzer. Fig. A1.3 describes typi-
as frequency spectrum) is a measure of the amplitude of theal components used to measure the frequency response of a
pulse-echo response from a given target as a function digitized rf waveform. The system consists of a search unit,
frequency. This response is used as the basis for establishipgiser, receiver, gate that can be adjusted to capture the echo
other operating parameters of the search unit including pealkaveform, analog to digital converter (digitizer), Fourier
frequency, center frequency (see Annex Al), bandwidth (segansform calculator, and display. To make the measurement,
Annex A2) and sensitivity (see Annex A3). Sketches of typicalan excitation pulse is applied to the search unit and an echo is
response curves are shown in Fig. Al.1. These sketches aggtained from a specific target. The gated echo is monitored on
used to describe two conditionsa)(a response that is sym- an oscilloscope to ensure that only the desired rf waveform is
metrical about a center frequency, aiig condition in which  analyzed. The gated analog rf waveform is input to the
the frequency response is asymmetrical. spectrum analyzer, (see Fig. Al1.2). The gated digitized wave-

A1.1.1 Two means are described for obtaining the freformisinputto the Fourier transform calculator and displayed,
quency responsea) shock excitation, andj sinusoidal burst.  (see Fig. A1.3). The resultant spectrum describes the frequency
The responses obtained using these procedures provide simik@sponse of the search unit.

results; however, reproducibility is dependent on factors such Nore ALL 1 Notice for F R M
as generator driving impedance, search unit impedance, pul%tﬂz”eds_e?t?:c'a ofice for Frequency Response Measurements.
gs, the results from the shock excitation and sinusoidal
shape, and measuremefnt SyStemS' The measurement, SySterﬂ t procedures will produce similar results. However, because of the
be used for Se?‘rCh unit evaluation should be established byytiple variables associated with electronic components and adjustments,
users of the guide. some differences may result. Users of the guide must identify the
parameters that will be used to make the measurements.

Al.2 Shock Excitation TechniqueThe shock excitation Note Al.2—Pulser generators used for shock excitation of search units
technique for obtaining frequency response is based on thee designed to have low driving asn impedances and higloff
principle that a shock pulse applied to the search unit producegpedances. Generally, the duration of the pulse can be adjusted to
a broad spectrum of energies and that the echo from a givepiovide a maximl_Jm energy transfer to a search unit. As the pulse duration
target reflects the frequency distribution that is characteristic of"d the output impedance of the generator may influence the actual
that search unit. Measurements may be made using either t gectrum delivered to the search unit, care must be exercised to ensure that

analog or digitized rf waveform. Fig. A1.2 describes typicalt e spectrum of energies applied is _sufﬁment_to accurately describe the
frequency response of the search unit. Operating parameters of the pulser

components used to measure freguency response ,Of an dlould be established by users of the guide. The electrical impedance of
analog waveform. The system consists of a search unit, shogke receiver used can have an influence on the frequency response. The
pulse generator (pulser), preamplifier (receiver), electronic gat@put impedance of the receiver should be high (500 ohms or higher) to
that can be adjusted to capture the echo waveform, displagduce the potential adverse influence.
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FIG. Al1.1 Frequency-Response Curves

Note A1.3—For measurement of frequency response, a digitizer casearch unit and determine its pulse-echo response. By varying
pable of providing a minimum of ten samples per cycle at the nominakhe frequency of the sinusoidal burst across the operating range

frequency of the search unit is recommended. A sufficient number of

cycles should be sampled to reliably reproduce the spectrum of the ech%f the search unit and recording the echo response at each

waveform. Averaging a number of waveforms increases the reliability ofif€dUency, a plot of the acoustic frequency is obtai(@d

measurements. Specific requirements may be established between theAl 3.1 Fig. Al.4 is a block diagram for a system designed
supplier and user. L o

Note Al.4—When using the shock excitation technique, the returningfor d_isplaying and _recor_ding the frequency_respgnse. The
echo should be gated such that the gate is wider than the echo to ensdkction generator is adjusted to produce sinusoidal bursts
that the rising and decaying portions or the waveform are included in th@cross the range of frequencies anticipated for the operating
frequency response analysis. If a portion of the time response is excludqﬁequency of the search unit (for example, 1 to 5 MHz for 2.5
from the frequency response, this should be clearly documented by, 1 1 10 MHz for 5 MHz, etc.). The generator pulse width
showing the gate position and width relative to the waveform. . . . L .

is adjusted to provide a minimum pulse duration of 15 cycles

A1.3 Sinusoidal Burst TechniqueThe principle is to apply  at the lowest measurement frequency. The sinusoidal burst (see

a sinusoidal burst of a known voltage and frequency to thd-ig. A1.4, Position A) is applied to the search unit and the
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FIG. Al1.3 Block Diagram of Shock Excitation System Used to Obtain Digitized rf Waveform Information

pulse-echo response from a given target is recorded for a Al1.3.2 Influence of Generator OutpgtCommercial sinu-
specific frequency. The frequency of the bursts is steppedoidal burst generators typically are designed to provide a
through the frequency range and the pulse-echo voltage reonstant-voltage output into a 50-ohm resistance load. When
sponse is recorded at each frequency. The returning echo tkese generators are loaded by an ultrasonic search unit, the
gated (Position B) to the center one-half of the echo responseutput driving voltage may vary with frequency, depending on
to ensure that transients from the generator or electronics dbe impedance of the search unit.

not influence the measurements. Both the amplitude of the A1.3.2.1 Recording Procedure-The initial step in the si-
applied voltage and the amplitude of the echo response areusoidal burst recording procedure is to terminate the generator
plotted as a function of frequency (Position C). with a 50-ohm resistive load and establish that the output

(o2}
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FIG. Al.4 Block Diagram of a Sinusoidal Burst System (Frequency Response)

voltage is constant over the frequency range of interest. Once A1.4 Specific ProceduresThe sinusoidal burst and shock
this is established, the 50-ohm resistor is removed and thexcitation procedures are applicable to nearly all types of
search unit is connected. The frequency response is obtaingéarch units. The procedures for evaluating the characterization
without further adjustment of the generator drive voltage. Thexf various styles are outlined as follows:

frequency response and the applied voltage are recorded, . .
9 y P i g Al.4.1 Immersior—Fig. A1.5 shows the test setup for

thereby showing the influence of the electrical impedance of “'=7 , : :
the search unit: obtaining frequency response for immersion units.

70 TEST SYSTEM

N =
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FIG. A1.5 Test Setup for Immersion Search Units
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Al1.4.1.1 Flat Search Units—Flat or nonfocused search distanceZ , should be adjusted for maximum amplitude
units are adjusted so that the distance from the face of theesponse from the target. Care must be taken to ensure that no
search unit to the targeZ() is 2 in. (50 mm). A flat and smooth internal reflections from the ball or creeping wave signals
glass block with dimensions not smaller than 2 by 2 in. (50 byaround the ball are included in the recorded response as these
50 mm) by 1 in. (25 mm) thick is recommended as the targetean distort the response.

A manipulator is used to adjust for a maximum amplitude 9 4 5 contact Straight Beas-Measurements for contact
response ffl_ohm the Lallrg(la(t. b d for hiaher f straight-beam search units are made with the unit coupled to
(2) (@) Thinner blocks may be used for higher reqUENCY ine test block. Couplant shall be machine oil or other specified

or larger diameter search units, or both, as agreed upon ég/uid. Fig. A1'6 shgws the test setup for contact_straight-beam
users of this guide. earch units. A%z-in. (3_8—mm) flat (32—u|n.) glumlngm block,

(b) (b) All targets or test blocks must have a material or a block of other suitable material and dimension, may be
thickness that is greater than the sinusoidal burst pulse duratidffed for the frequency response measurements. The back
of the excitation voltage. surface of the block is used as the target and the echo response
from this surface is recorded.

Note A1l.5—The frequency response of flat search units with band- . .
widths less than 100 % is essentially independent of the distance from the Al.4.2.1 Thinner blocks may be used for higher frequency

target. The 2-in. (50-mm) distance is chosen as a compromise t§€arch units. Thicker blocks may be used for lower frequency
accommodate a variety of frequencies and sizes of search units. Shorter larger diameter search units, or both, as agreed upon by
water path distances may be used for high-frequency search unitgisers of this guide.

Distances are to be established by users of the guide. Other materials may .
be used as reflectors provided material and surface finishes are agreed_’A‘]"A"z'2 A"_ targets or test blO_CkS mUSt have a mate”e_‘l
upon. thickness that is greater than the sinusoidal burst pulse duration

Al1.4.1.2 Focused Search UnitsA ball target should be of the excitation voltage.
used to obtain the frequency response of focused search unitSnore A1.6—Caution: The immersion procedure imtvalid for evalu-

The ball should have a diameter that is at least 10 wavelengthging contact straight-beam search units that incorporate a hard wear-face
in water (for exampleysinch [15 mm] at 1 MHz in water). The plate.
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FIG. Al1.6 Test Setup for Contact Straight-Beam Search Units

A2. BANDWIDTH MEASUREMENTS

A2.1 The bandwidth EW) (sometimes referred to as ‘ _hitf
functional or operational bandwidth) of a search unit is a ¢ 2
selected portion of the frequency response of the search unit.

(A2.1)

A2.4 Bandwidth is then calculated as follows:

A2.2 The lower and upper frequency valuds gnd f, BW = (f, — f,)/f. X 100(percentage (A2.2)
respectively) of the bandwidth are defined as the values at
which the amplitude of the pulse-echo response has fallen 6 dB A2.5 By way of example, the bandwidth for the frequency
below the peak of the frequency response cufye(¢ee Fig. responses shown in Fig. Al.&)(and @) are as follows:
Al.1). The peak is chosen as the reference even though it may oo 5 1 Symmetrical Curve(Fig. AL.1 (a)):
not be at the center frequencf)( Bandwidth measurements
are determined by locating the peak response and then select- fo=(4.0+ 6.1)/2 = 5.05MHz (A2.3)
ing thef, andf, values. BW= (6.1— 4.0)/5.05X 100= 42 % (A2.4)

A2.3 Bandwidth calculations are based on determining the A2.5.2 Asymmetrical Curve(Fig. AL.1 (b)):
center frequency,., in MHz, of the bandwidth as described as f.=(3.4+8.2/2=5.8MHz (A2.5)
follows: BW= (8.2— 3.4/5.8 X 100= 83 % (A2.6)

A3. RELATIVE PULSE-ECHO SENSITIVITY

A3.1 Relative pulse-echo sensitivityg() is defined as Se = 2010g(0.2/2.0 = —20 db
follows: Examp|e B:
Sel = 20 logVy/V, (expressed inH) (A3.1) fom# f,  Va=2.0V (A3.3)
where \, is the peak-to-peak voltage response of the echo
from the specific reflector as defined in Annex A1, anddthe Ve=0.1V
peak-to-peak voltage applied to the search unit. Bofland V Se = 20 10g(0.1/2.0 = —26 db

eare measure,d at the nominal frequenizy{), as stated by the Note A3.1—Relative pulse-echo sensitivity measurements may be
manufacturer’s label. made with either analog or digitized rf echo waveforms.

A3.1.1 Sinusoidal Burst ProcedureFig. A3.1 describes  Nore A3.2—No procedure is given in this guide for determining
the data for establishing,, from the test results obtained with sensitivity using shock excitation procedures.
the sinusoidal burst procedure. The value3gQris established

i A3.2 Search unit sensitivity comparisons made with ultra-
atf,om In the example shown:

sonic instruments may vary from the values obtained with this

Example A: procedure and they may vary between types of flaw detectors.
fom=T  Va=20V (A3.2)  Search unit responses are influenced by the impedance of the
pulser, impedance of the search unit and coaxial cable, and the

V=200 mv input impedance of the receiver.
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FIG. A3.1 Measurement of Sensitivity from Sinusoidal Burst Frequency Response Curve

A4. MEASUREMENT OF TIME RESPONSE ®

A4.1 Time ResponseThe time response of a search unit is terms and parameters selected in the quantitative description of
established from the rf waveform of the echo received from avaveforms (for example, waveform duration, resolution, and
given target using the pulse-echo procedure. This response d&mping) should be defined and agreed upon by users of this
used as the basis for evaluating other operating and recoveguide. Waveform duration may be measured as a level either 20
parameters of the search unit such as waveform duration angt 40 dB below the peak of the pulse-echo response. As the
damping (Standard Methods for Testing Single Element Pulsgjme response can be influenced by the input electronics and
Echo Ultrasonic Transducers). Typical examples of waveformysedance of the receiver, care must be taken to ensure that the

duration are shown in Fig. A4.1. receiver input is not saturated and that the impedance is high

A4.2 Procedure—The procedure for measuring the time enough (for example, 500 ohms or greater) to accurately record
response employs the shock excitation techniques defined e €cho signal.
Al.2 and the procedures outlined in Al.4. Fig. A1.2 and Fig.
Al.3 illustrate the setup for pulse-echo procedure. Fig. ALl.5
and Fig. Al.6 illustrate the test configuration for immersion
and contact straight-beam search units.

Note A4.1—This guide does not describe a procedure for obtaining
me response” using the sinusoidal burst excitation procedure.

Note A4.2—For accurate measurement of the time response of a
digitized rf waveform, an 8-bit digitizer is needed. A sufficient number of

. samples per cycle should be taken that a curve through the sampled values
A4.3 T”.ne Response Terms and Parametefs photo- rov?desp; snz/ooth waveform that resembles the ogr’iginal anaIF())g wave-
graph Or_p”ntOUt o_f the rf waveform from the CRTlcan be usecform. For reliable measurement of peak or low-level waveforms, a
to described the time response of the search unit. This recoidinimum sampling of 36 samples per cycle is recommended. An 8-bit
should provide a scaled time base from which the measuremeatyitizer is inherently limited to displaying 48 dB of dynamic range and
can be defined. Examples are shown in Fig. 1 and Fig. 2. Thenly half of this range is usable for evaluating an rf waveform, to evaluate
low level signals may require increasing the gain of the amplifier.
Averaging a number of waveforms increases the reliability. Specific
5 See AIUM Standard Methods (2.2). requirements may be established between the supplier and user.

-20dB -40dB
ST ﬂ 3 S0
2 LN 2 I\
3 U U z [ V
2| z
WAVEFORM
WAVEFORM
- DURATION — DURATION
| | | 1 L 1 | 1 1 1 | | 1 | | | 1
TIME (MICROSECONDS) TIME (MICROSECONDS)

FIG. A4.1 Time Responses (Waveform Duration)
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A5. ELECTRICAL IMPEDANCE MEASUREMENTS

A5.1 The magnitude and phase of the electrical impedancment of the applied current as a function of frequency. The
of a search unit may be determined using an impedance metemlue for the magnitude of the electrical impedance is deter-
The magnitude of the electrical impedance of the search unihined at the nominal frequency of the search ufyj.0.
may be determined using the sinusoidal burst technique and 2l = Vi (A5.1)
measuring the voltage and current applied to the search unit. & '

A5.1.1 Electrical Impedance to be Measured with an Im-
pedance MeterRefer to the instruction manual for the
impedance meter being used for procedures to obtain th

magnitude and phase angle of the complex impedance of tH8€ imlpedance meagurements are measured. For using. the
unit being measured. sinusoidal burst technique, measurements shall be made with a

A5.1.2 Electrical Impedance to be Measured with Sinusoi-coaxial cable attached to the search unit. For purposes of this
dal Burst Technique-Fig. A1.4 describes the block diagram 9uide a 4 ftlong cable is recommended.
used for measurlpg the frequency response of a Sear.Ch umt'NOTE A5.1—All impedance measurements are to be made under
The Sfame electrical S_etUp_ may be used for measurlng t%nditions that apply appropriate loading to the face of the search unit. As
magnitude of the electrical impedance of the search unit. Thgxamples, immersion units should be measured in water; contact units

voltage probe provides a measurement of the applied voltage 8Bould be coupled to a metal block. Precautions should be made to ensure
a function of frequency. The current probe provides a measurehat no standing wave interference occurs in the water tank or test block.

whereV, is the applied voltage arld, is the applied current
tf e Fig. A5.1 shows a sketch of the responses from which

11
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1v/DIV(V3) 20mV/DIV(Ve) _| 50 MA/DIV

MAGNITUDE OF APPLIED CURRENT

AMPLITUDE OF APPLIED VOLTAGE (V3)
AMPLITUDE OF RECEIVED ECHO (V)

FREQUENCY (MHz)

FREQUENCY (MHz)

FIG. A5.1 Typical Voltage and Current Recordings for Determining Magnitude of Search Unit Impedance

A6. MEASUREMENT OF SOUND FIELD PARAMETERS

A6.1 Introduction—This section describes procedures for X-Y-Z manipulator of the bridge carriage and immersion tank
measuring sound field parameters of immersion flat andcanning and indexing equipment.
focused search units. Either analog or digital equipment may ag 2 2 Ball Target— The ball target chosen for the pulse-
be used. echo procedure should be a small smooth sphere (for example,

. . a diameter equal to 10 wavelengthg (n water).
A6.2 Test Setup-This procedure outlines a means for dq h g hsf(h q 3] b
employing a pulse-echo technique using a ball target reflector. AA6-2-3 Hydrophone— Two types of hydrophones may be

A second procedure using a hydrophone receiver is aL,\.,gm.ployed. The mpst de;irable is the hydrophone that has an
described. For purposes of this guide, the transmission patte@iftive element with a diameter less than @f the center
and the reception patterns of search units are considerdtedquency.f, of the search unit as measured in water. If the
identical and reciprocal. The search unit may be excited with &lement is larger than this dimension, a correction factor must
shock excitation pulse or with a sinusoidal burst at centepe added to include the directivity function of the hydrophone.
frequencyf.. Frequency response of the hydrophone must be sufficiently

A6.2.1 For users of the guide, the test setup for pulse-echBroad so that no adverse response is introduced by the
measurements is shown in Fig. A6.1. The test setup foPydrophone. A hydrophone may be a miniature search unit
hydrophone measurements is shown in Fig. A6.2. The setuyyith a small piezoelectric element or may be constructed using
includes a pulse generator, preamplifier, echo gate that can Ipropriate commercial immersion search units by attaching a
adjusted to capture the echo, search unit, target or hydrophongQund-absorbing mask (for example, cork) which has a small
a peak detector, andXY recorder. The peak detector output is center pinhole to the face of the search unit. Fig. A6.3 describes
the Y-axis input. TheX-axis input is the analog output from the the hydrophone with the sound-absorbing mask.

DELAY

PULSE % GATE PEAK

GENERATOR DETECTOR

TRANSVERSE PROFILE POSITION VOLTAGE
FROM LINEAR POTENTICMETER ON
SCANNING BRIDGE (X}

Vad l.x POSITION Y AMPLITUDE
/+ _F i X - Y RECORDER
=] |— - . w
REFLECTOR
== 4 Jo 0 g I
PLATE =
a J
Xﬂ E i, N
LH )
———SEARCH="®__ BALL ____ SCAN EITHER
UNIT T T BALL DISTANCE (mm or inch)
———— T ] ORSEARCH UNIT TRANSVERSE PROFILE

FIG. A6.1 Test Setup for Measuring Sound Field Patterns with Pulse-Echo Technique Using Ball Target Reflector

12



A8y E 1065 - 99 (2003)

DELAY

PULSE lm GATE PEAK
GENERATOR l/ DETECTOR
TRANSVERSE PROFILE POSITION VOLTAGE
FROM LINEAR POTENTIOMETER ON
SCANNING BRIDGE {X)
il ‘l)( POSITION Y AMPLITUDE
Val ] N X - Y RECORDER
— —F= S]]
| e || e 2 1
Z l 5 J
g 2| M
in) L
—~——SEARCH='? HYDROPHONE SCAN EITHER
UNIT —— — HYDROPHONE DISTANCE (mm or inch)
o OR SEARCH UNIT TRANSVERSE PROFILE

FIG. A6.2 Test Setup for Measuring Sound Field Patterns Using Hydrophone Procedure

PINHOLE
APERTURE
I =
COMMERCIAL CORK
SEARCH UNIT MASK

FIG. A6.3 Cork Mask for Adapting Commercial Search Units to Small Hydrophone

A6.3 Immersion Flat (Nonfocused) Search Unitdyour (a) (a) Place aflat target that is perpendicular to the bridge
parameters are identified as important for evaluating thearriage in the tank and adjust the and ¢ axis of the
characteristics of immersion flat search uni&:dperture size, manipulator holding the search unit to obtain maximum
( b) traverse profile, d) on-axis profile, andd) sound beam pulse-echo response from the target.
spread. (b) (b) Place the ball target in the tank at a fixed location

A6.3.1 Ball Target Measurements and position the search unit so that it is located at a distance

A6.3.1.1 The sketch in Fig. A6.1 shows a setup for obtainthatis in the far field (beyond peak response for focused units).
ing sound-field parameters using the pulse-echo reflection frofidjust the X-Y- Z manipulator to obtain maximum response
a ball target reflector. As the sound beam transmitted from th&0om the ball target. (Alternatively, the search unit may be fixed
search unit is assumed to be identical to the sound beam patte#id the ball target moved.)
of the search unit in a receiving mode, the pulse-echo responseA6.3.1.3 Aperture Size- To obtain aperture size (see Fig.
is the product of the two sound beams. Accordingly, variousA6.4 (C) Position 1), move the search unit close to the ball
parameters such as aperture size and sound beam spread target (for example¥is in. (1.5 mm)) and scan the target. Care
measured to different levels on the response curve dependimgust be exercised to ensure that the echo in the gate contains
on the technique employed. As an example, when using the badinly the energy from the ball target. The aperture size is
target, pulse-echo technique, measurements are made to a ledefined as the dimension of the pressure pattern as measured to
that is -6 dB below the peak of the response. With use of théhe — 6 dB level below the average response across the center
hydrophone technique, the measurements are made to a leyasirtion of the search unit.
that is —3 dB below peak of the response. Commercial systems A6.3.1.4 Transverse Profiles-Transverse profiles are ob-
are available for making such measurements. tained by scanning the ball target through the sound beam at

A6.3.1.2 An example of the procedure for obtaining soundselected distances away from the face of the search unit (see
beam parameters using ball target measurements is as followsy. A6.4). Selection of theoretical positions such as the
(see Fig. A6.1): near-far-field transition/ ,, or other points such &&/2,Z /3,

13
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ON- AXIS PROFILE

Lt [ L)1)
) 7T T T T e

(a) Transverse Profile

AMPLITUDE

[ S
Wh——— e e
oObk——m—————

4
DISTANCE

(b) On-Axis Profile Distribution (Shock Excitation)

(d) Sound Beam Spread
FIG. A6.4 Sound Field Patterns for Establishing Search Unit Performance Parameters

or 2Z,, may be appropriate if a sinusoidal burst excitation is (See Ref(3).)

employed. For shock excitation, it may be more appropriate to To establish beam patterns or beam symmetry, the beam
use specific distances (for example, 1, 3, 5, etc. in. (25, 75, 128hould be plotted in two orthogonal directions at the near-far
etc. mm)). For reference purposes, the near-far-field transitionge|d transition or other selected distances, or both, as agreed by
for various aperture sizes may be calculated from the followthe ysers.

ing: A6.3.1.5 On-Axis Profiles—On-axis profile is obtained from
Circular P iston, Z, = d % /4x (A6.1)  the transverse profile by recording the amplitude of the center
of the transverse plots as a function of distangefrom the
where: face of the search unit (see Fig. A6.4). Alternatively, if the

Z,, = distance from search unit face to far field transition, center of the beam can be established, the ball target may be

3 _ \;\Isgﬁﬁggth' and moved along the axis of thg beam_and recorq the on-axi;
pressure response as a function of distance. This procedure is
Square elemerttA X A Dimension (A6.2)  more difficult as it is hard to maintain the central axis of the
Z, = 1.35A%/4\ beam as the ball target is moved away from the face of the

search unit.
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A6.3.1.6 Beam Spread- Beam spread is a measure of the measured at selected distances away from the face of the search
beam divergence as a function of distance beyond the near-fanit. The same conditions apply to hydrophone measurements
field transition (see Fig. A6.4). Beam spread may be deteras applied for the ball target measurements (see A6.3.1.4).
mined from the transverse plots or by measuring the sound A6.3.2.3 On-Axis Profiles—On-axis profiles are obtained in
field pattern at two or more locations in the far field. Thea manner similar to that followed for ball target measurements
procedure is to establish the width of the sound beam at ésee A6.3.1.5). As with other hydrophone measurements, care
specific dB value below peak response at that position. For bathust be taken to ensure that the response from the hydrophone
target measurements, the responses are measured to a levelfalis within the gate. (Assuming a gated receiver is used.)
dB below peak response. The beam spreatl) (B8 then A6.3.2.4 Beam Spread- Beam spread is measured in the
calculated as follows: same manner as described for the ball target measurements (see

20 = 2 ArctanWI(Z, — Z.,) (A6.3)  AB.3.1.6). The basic difference is that beam spread is measured
. at a level of -3 dB below the peak response obtained at the
(See Fig. A6.4.) position measured instead of the 6 dB level as followed for the

where: ball target measurements.

Z, = distance beyond the near-far field transition, . . .
Z. = selected distance beyoid,, and A6.4 Focused Immersion Search Units-or focused im-
W -

= measured increase in sound field width. mersion search units the parameters to be measured include

A6.3.2 Hydrophone MeasurementsFig. A6.4 shows aperture sized), focal length ), depth of field £p), and
sketches of typical results for flat immersion search units. ASound beam diameter at the peak respodsg).(
procedure for obtaining these parameters with hydrophone A6.4.1 Focal Length and Depth of FieldFig. A6.5 de-
measurements is as follows (see Fig. A6.2): scribes the on-axis plot of the sound field of a focused search
(a) (a) Place a flat target that is perpendicular to the bridgeunit. A ball target is used to obtain values for peak response
carriage in the tank and adjust thi and 6 axis of the (Fp), and depth of fieldKp). Once the maximum amplitude
manipulator holding the search unit to obtain maximumresponse is obtained from the target, the search unit is moved
pulse-echo response from the target. This ensures that scannitoyvard the target until the amplitude drops 6 dB (50 %) below
and indexing will be normal and parallel to the axis of thethe peak. This distance is noted as the lower position of the
sound field. depth of field. The search unit is then moved through the peak
(b) (b) Place the hydrophone on the scanning bridge anénd beyond until the amplitude drops 6 dB below the peak. The
center the hydrophone by placing it in the far field and adjustistance between these two positiofs, (throughF,) defines
the hydrophone to obtain maximum or peak response (alternghe depth of field E5) of focused search units. When making
tively, the hydrophone may be fixed and the search unithese measurements, care must be taken to ensure that the
moved). target remains directly on the axis of the search unit. Misalign-
A6.3.2.1 Aperture Size- To obtain aperture size, move the ment can result in erroneous measurements.
hydrophone close to the face of the search unit (for example, A6.4.1.1 The depth of field is defined as the distafgd-,.
Y6 in. (1.5 mm)) and scan the beam. The aperture size of th&he values fof=;, andF, may be obtained using a pulse-echo
sound beam is defined as the dimension of the pressure pattaesponse from a ball target reflector or in a transmission mode
as measured to the -3 dB level below the average responsising the hydrophone technique. However, if the hydrophone
across the center portion of the search unit minus the radius eéchnique is used, the depth of fiek,, is measured to the -3
the hydrophone. See Fig. A6.4), Position 1. dB below the amplitude at peak response instead of -6 dB
A6.3.2.2 Transverse Profiles-Transverse profiles are ob- below the amplitude at peak response as used in pulse-echo
tained by recording the response from the hydrophone agrocedures.

|
l————— FOCAL LENGTH (F) ———i

PEAK RESPONSE

Fiq Fa

|
|
|
|
: -6dB
|
|
|
|
i

I
DEPTH OF FIELD

AXIAL PRESSURE DISTRIBUTION

Fp
|
|

0 — DISTANCE FROM SEARCH UNIT e (7}
FIG. A6.5 On-Axis Profile Parameters from Focused Search Unit
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A6.4.2 Diameter at Focal Point-The diameter at the focal are decreased by the focusing means. The point of maximum
point, d-s, Of a search unit may be obtained using either theon-axis amplitude may be taken to represent the focal length
pulse-echo response from a ball target or by using the hydrgqFL) of the unit. A thin wire target may be used as an
phone technique. The initial step in this procedure is to locat@lternative to the ball target described in A6.2 and A6.3. This
the focal peak. After the peak is located, a cross-axial plobffers certain advantages in set-up simplicity, signal strength,
provides the diameter at the focal point. When using theand reproducibility(11).
pulse-echo, ball target technique, the diameter at the focal point A6.5.2 Geometrical Beam Representaties simple repre-
is defined as the width of the sound beam measured to the entation of a cross section of the near field of a focused beam
dB level. When the hydrophone technique is used, the diametgs shown in Fig. A6.7. This represents any cross section of a
at the focal point is defined as the width of the sound beampherically focused beam. For a cylindrically focused beam it
measured to the -3 dB level. Fig. A6.6 shows typical patterngepresents a cross section in the transverse (width) direction
obtained with this procedure. only. Some previous attempts at defining a beam included

A6.4.3 Transverse Profiles for Focused Search Units angle have considered only the geometrical factors shown in
Transverse profiles are obtained by scanning the ball targehe figure. When this is done the included angle might be
through the sound beam at selected distances from the face @froneously expressed approximately by the following equa-
the search unit. Profiles made at the search unit's focal poinfon derived from the figure.
provide information relating to the diameter of the beam. W2

A6.4.3.1 Beam Symmetry To establish the sound beam athanflﬁ (A6.4)
symmetry, transverse profiles should be plotted in two orthogo-
nal directions at the distance corresponding to the focal lengthwhere:

Such profiles are commonly called tXeandY beam profiles. « beam included angle,

W = search unit element diameter (or width), and
A6.5 Measurement of the Included Angle of the Beam fromFL = focal length of search unit.
a Focused Immersion Search Unit: A6.5.2.1 This simple approach does not take into account

A6.5.1 Introduction—Knowledge of the included angle of the decrease in pressure amplitude from beam center to edges
the beam from a focused search unit, measured as describeddha transmitting focused search unit, nor the corresponding
this section, is of importance in determining examinationreduction in sensitivity from beam center to edges of a
coverage, especially in cylindrical mater{@), and in predict- ~ receiving search unit. When the pulse-echo examination tech-
ing the degree of linearity of signal amplitude versus targenique is employed both sources of decreasing off-center
area to be expected with various combinations of examinatiofesponse act to cause the effective angular width of the beam to
parameterg10). be smaller than would be obtained from the previous equation.

A6.5.1.1 The purpose of this section is to provide a commorfor this reason, although the beam representation of Fig. A6.7
procedure for measuring the effective included beam angle dg useful in visualizing the convergence of a focused beam, it
focused sound fields and to define common parameters fd$ not recommended that quantitative calculations be based on
making the measurements. it.

A6.5.1.2 The included beam angle measurement described A6.5.2.2 Transverse Beam ProfilesFig. A6.6 shows the
herein is based on transverse beam profile measurements madmnsverse profile of a spherically focused beam at the focal
on either spherically or cylindrically focused search units. Thedistance from the search unit. A cylindrically focused beam
on-axis and transverse profiles of a spherically focused seardiso has a profile like this when taken in the “width” direction,
unit are essentially identical to those shown in Fig. A6.4(b) andhat is, perpendicular to the “beam length” direction. However
Fig. A6.4(c) for a “flat” search unit, except that the distanceswhen the profile of a cylindrically focused search unit is

PEAK RESPONSE

Dep =3

PULSE ECHO TECHNIQUE HYDROPHONE TECHNIQUE
FIG. A6.6 Measurement of Sound Beam Diameter of Focused Search Unit
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TRANSDUCER - W o= 2tan e PWe (A6.5)
ELEMENT— o 2]
1 where
| PWg, ,, = —6 dB profile width at half focal length, and
PW;, = -6 dB profile width at focal length.
LENS A6.5.3.1 Procedure—An example of a detailed procedure
for making measurements for use in the above equation is as
FL follows:

IR

(a) (a) If the focal length of the search unit is not known,
it is measured in the pulse-echo mode as described in A6.4.1
FOCAL using either a bgll target, or preferably for cylindrically focused
“POINT” units, a small diameter wirél1).

\ (b) (b) Transverse profiles are measured in water in the
pulse-echo mode as described in A6.4.3 at water path distances
from search unit face to target equal to the focal length and to
half that length. The peak amplitude of the response at each

FIG. AB.7 Cross Section of a Focused Beam distance is set on the display to a convenient, high percentage

of full screen height (FSH) which is below the vertical linearity
measured along the beam length it exhibits a flattened top. Théimit of the instrument (for example, 80 % FSH). More gain
profile is used for measuring beam length but not for thewill be required to achieve this level for the profile at half focal
purpose described herein. For either type of focused beanfength because of the reduced beam pressure at this distance.
transverse profiles, as shown in Fig. A6.6, are to be used in thEhe width of the profile at an amplitude of 50 % (-6 dB) of the
measurement of beam included angle. peak value (for example, 40 % FSH) is to be recorded for each
A6.5.3 Angle Measurement from Transverse Profiles  profile.

more accurate means for determining the included beam angle (c) (c) The —6 dB profile widths measured ib)(are then
is to measure the transverse profile width (PW) of the field atised in the above equation B#-, andPW, ,, to calculate the
both focal length and half focal length. Representations of/alue of the beam included angle,
typical profiles at these distances are shown in Fig. A6.8. The A6.5.4 Comparison Examp|e of Beam Ang|e Determined
width of each profile is taken at an amplitude 6 dB below thefrom Profiles and from Search Unit GeometrAn example is
peak value for that profile, and these values are used in thgiven below of calculations o for a typical search unit by
following expression to determine the included beam angle. hoth the* geometrical” equation first given above and by the
more accurate second equation that uses measured profile

>

widths.
Search Unit Characteristics
Frequency 5.0 MHz
Diameter 0.5in.
Focal Length 2.05in.
Measured PWg, ,» 0.169 in (at — 6 dB)
Measured PWg, 0.031 in. (at - 6 dB)

A6.5.4.1 Calculation From Search Unit “Geometry”:

_,0.5/2 - i
a=2tan 55 = 2tan 1 0.122=13.9 (A6.6)
A6.5.4.2 Calculation From Measured Profile Widths:
,0.169— 0.031 -
a=2tan 5= =21tan '0.067=7.7°  (A6.7)

A6.5.4.3 The significantly lower value of beam included
angle obtained from the second calculation is much more in
line with values of this angle successfully used when compar-
ing calculated and measured results of beam coverage and
area-amplitude linearity with similar search units in studies

FIG. A6.8 Determination of Included Angle from Transverse Beam

Profiles based on Ref§9) and (10).
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A7. SPECIAL TECHNIQUES FOR HIGH-FREQUENCY BROADBAND IMMERSION SEARCH UNITS

A7.1 Introduction—At high frequencies, water signifi- _ 1465
cantly attenuates ultrasound and may cause a measurable  of o 2% BW)?
downshift of the return echo peak frequency for broadband . )
immersion search units. The frequency downshift may also Sample calculation for water '5127_
shorten the measured focal length of focused search units. Thig = ggi 186 aneper/cm/H '
Annex provides approximate methods for calculating the effecto% BW _ 50 %. and ’
of attenuation on the operating characteristics of immersionZ - 26 c;‘n (1.02 in.)
search units, provides a sample guideline table of maximum
water paths for various frequency and bandwidth search unit%
and suggests techniques for characterizing the frequency a
focus of high-frequency broadband immersion search units.

(A7.5)

A7.2.1.2 The sample guidelines of Table A7.1 have been
Iculated in this manner. The table shows the round trip water
rﬂ) th that is expected to produce a 5% downshift in peak
frequency for various bandwidth and unattenuated peak fre-
A7.1.1 Attenuation causes the decrease in measured signgliency search units for this assumed attenuation coefficient.
amplitude with increasing propagation distance in the soundctual attenuation coefficients depend on water temperature
transmitting material, and is a function of frequency. Neglect-and purity.
ing other losses such as diffraction, amplitude can be expresseq\IO

. . . e A7.4—Calculations can use decibels/cm/MHor the attenua-
as an exponential equation of the form:

tion coefficient, and MHz for frequency if (Eg. 5) is multiplied

A=Ae "z (A7.1) by - 8.6859. Then
where z= —1273x 10° (A7.6)
. . . N 2 0 2 ’

Z = propagation distance in cm, (dbfom/MHZ)( MHZ)*(% BW)
f f frequency in Hz, and the sample calculation for water becomes:
n = exponent of frequency dependence, _ dB/cm/MHZ = -3.127x 10 ~(See Note A7.5.)
a = frequency dependent amplitude attenuation coeffi- ;= 25

cient of the medium in nepers/cm/Hz % BW=50 %, and
A, = unattenuated amplitude, Z=2.6 cm (1.02 in.).
A = attenuated amplitude, and Note A7.5—The coefficient 3.12% 1073 was experimentally derived
e = 2.71828... from studies of frequency shift data. Other values have been noted. [See

for example, Ref¢5-8).]
Note A7.1—Attenuation in terms of dB/cm at a specific frequency is ) ]
obtained from A7.3 Methods—The greater the bandwidth at a given

\ frequency, the shorter the permissible water path. If the
dB/cm = —8.685%f (A7.2)

A7.2 Theory: TABLE A7.1 Sample Guideline: Total Maximum Water Path (cm

i ; . in.)) Resulting in 5 % Peak Frequency Downshift
A7.2.1 An approximate expression for the downshifted (in-) 9 > quency

peak frequency when the exponent of frequency dependence is Bandwidth
n=2, as in water, is given by Ophir and Jaegd). MHZ 309 40% 50% 60% 70% 80% 90%  100%
! ’ ’ cm (in.)
= f—°2 (A7.3) 35 678 519 410 332
200+ 1 26.7 20.4 16.2 13.1
5.0 651 452 332 254 201  16.3
where: 256 178 131 100 7.9 6.4
f, = unattenuated peak frequency in Hz, 5 B o S s
o = amplitude attenuation coefficient in nepers/cm/ 100 452 254 163 113 83 6.4 5.0 4.07
HZ?, 178 100 64 45 33 25 20 1.60
7 = propagation distance in cm 150 201 113 72 50 369 283 223 181
! 7.9 4.5 2.8 2.0 1.45 1.11 0.88 0.71
= 0
o - (fO X % BVV/236)’ and 20.0 11.3 6.4 4.07 2.83 2.08 1.59 1.26 1.02
% BW = percent bandwidth (-B) of the unattenuated 160 111 082 063 049 0.0

spectrum. 45 2.5
25.0 7.2 4.07 2.61 1.81 1.33 1.02 0.80 0.65

Note A7.2—Propagation distance is the round trip distance from the 28 160 103 071 052 040 032 026
300 50 28 181 126 092 071 0558 0452

search unit to the target and back to the search unit, and bandwidth refers 50 111 071 049 036 028 0220 0178
to the double transduction pulse-echo spectrum under shock excitation. 405 283 159 102 071 0519 0398 0314  0.254

Note A7.3—Attenuation in terms of dB/cm/MHzs obtained from 111 063 040 028 0.204 0.157 0.124  0.100
181 102 0.65 0452 0.332 0254 0201 0.163
dB/cmMHZ2 = —8.6859x 102 (A7.4) 50.0 071 040 026 0.178 0131 0.100 0.079 0.064

. . ALeaders signify > 76 cm (30 in.). Divide indicated water paths by 2 to get one
A7.2.1.1 Usmg (Eq 3 )' the round tl’lp water path that Cause%ay distance in water (distance between search unit and target). Calculated for

a 5 % peak frequency downshift in water is: a =-3.127 X 10 %/dB/cm/MHz?.
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combination of center frequency, bandwidth and focal lengtithe frequency response measurement conditions (See
are beyond the limits indicated in a guideline table such a#\1.4.1.2). The schematic representation of the sound field in
Table A7.1, the focal length and frequency response should besetd is intended to emphasize that the sound path length
determined by other methods such as those schematicaltietermined by this method is different from the ball target focal

presented in Fig. A7.1. length defined in 3.5 and 3.6. The ratio between the sound path

A7.3.1 The principle shown in insets b, ¢ andd of Fig. length for maximum pulse-echo amplitude from a ball target

A7.1 is to replace water with a high-velocity, low-attenuation and that from a flat plate target is graphed in Fig. A7.2.
second material such as fused silica. This shortens the soundA7.3.2 Focal Length and Frequency ResponsEhe prin-
travel distance through water. The acoustic axis of the beam ¢fipal shown in insete of Fig. A7.1 has been applied to
the search unit is directed at normal incidence to the secon@igh-frequency focused immersion delay line search units,
material. such as 50 MHz, 0.635 cm (0.25 in.) diamekgr=1.27 cm

A7.3.1.1 Focal Length— The methods shown in inseasb, (0.5 in.) to measure both focal length and frequency response.
and ¢ of Fig. A7.1 are approaches that could approximatelyThe method assumes a spherical wave front and uses the
measure ball target focal length as defined in 3.2.5 and 3.2.6 gurface of a ball as an equal phase reflector to shorten the water
this guide. path. The focal pointK ) is inferred to be at the geometric

(a) Inseta uses a ball target in water. The second materiaFenter of the ball. The method of adding half of the ball
merely displaces some of the water between the search unit afié@meter to the one way water path is not directly applicable to
the ball. situations where the focal length is diffraction limited.

(b) Insetb uses a spherical reflector embedded in the second
material. An example would be a bubble inside fused silica. A7.4 Calculations—Calculations are illustrated for the

(c) Insetc uses a hemispherical target ground into thefrequency response method schematically illustrated in shset
backwall of the high-velocity, low-attenuation second material Of Fig. A7.1. Similar calculations would apply to insetsb,

andc of Fig. A7.1. The partitioning of the sound path when it

Nore A7.6—Focal length measurement is based on the maximumg 1, e comprised of two materials of different sound veloci-
positive or negative (whichever is larger) peak half cycle amplitude in: h d f d sil . lculated f .
pulse-echo operation off a reflecting target. The result obtained with !,;les, such as water and fused silica, Is calculated from:

planar reflector is the flat plate focus. The result obtained with a spherical ) Cy
reflector is the ball target focus. The two results are necessarily different. Z=[Zr = Zy] (C_m) (A7.7)
A7.3.1.2 Frequency ResponseThe method shown in inset . Cru
d of Fig. A7.1 maximizes the backwall echo and approximates Zw=2'e = Zw (q) (A7.8)
Search Unit
| 1T~ [ Th
ff((///(/77rr) [(1[?
oA VAV A -
LA N %
Focusing Pattern c. Example C
TN I~
/ ( {
f > -
ey N
LA VL
a. Example A d. Example D

/7"\ ///\/"77-
I

| \\\ N

A2 PRI

b. Example B e. Example E

FIG. A7.1 Focal Length Measurements
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FIG. A7.2 Ratio of Point Target to Flat Plate Focus
. 5.94
where: . . . . Zy = [100 — 2.0] <1—48> =1.97cm(0.078in)  (A7.10)
Z'= = theoretical flat plate maximum (distance for maxi- :

mum echo amplitude from a flat plate in water in Accordingly the maximum echo amplitude from the back
the absence of frequency downshift), side of a 2.0 cm thick fused silica plate should occur with a

Zw = oneway water path between the searqh unit and the1.97 cm water path and the frequency response should peak at
entry surface of the second material of lower 10 MHz within normal tolerances

attenuation,

Zy\y = thickness of the second material (in this case the . N

thickness that maximizes the backwall echo) A7.5 Reports—The search unit characterization report
C, = speed of sound in water, and ' should record the one-way water path to the second material,
Crw = speed of sound in the second material record the type and thickness of the second material, and state

Example—Design frequency response measurement condithe type of reflector used. For focal length measurements that
tions for a 10-MHz search unit with 80 % bandwidth and ause a second material to displace water, calculate the equiva-
theoretical flat plate maximum of 10.0 cm. Table A7.1 suggestient focal length in water from
that the maximum round trip water path should be less than 5.1

cm (2 in.). Assume that the second material is fused silica with FL=2y+ Zn(%) (A7.11)
Cim=0.594 cm/us, and thaC,, =0.148 cm/usec. With o
Z'-=1.0 cm, andZ,, = 2.5 cm, then Example—A one-way water path of 2.2 cm maximizes the
echo from a bubble located 1.9 cm from the entry surface in a
Zpy = [100 — 25] (m) = 1.87cm(0.74in) (A7.9)  plate of fused silica. The equivalent focal length in water is
Suppose that a 2.0 cm (0.79 in.) thick piece of fused silica FL=22+ (1.9 (%) =9.83cm(3.87in) (A7.12)

were available. The one-way water path is then predicted to be

A8. Measurement of Sound Beam Patterns in Metal from Ultrasonic Straight-Beam, Contact Search Units

A8.1 Introduction—The sound field patterns that propagatefor characterizing the ultrasonic search and ultrasonic flaw
from ultrasonic straight-beam, contact search units vary witldetection instrument with appropriate signal gating capability,
frequency, size, shape, and design. These search units may (@ metal block containing side drilled hole§) mechanical
designed with single or dual, circular or rectangular piezoelecmeans for traversing the search unit along the test bl@tk,
tric elements and configured to propagate columnar, divergengltrasonic couplant for coupling the ultrasonic energy from the
or focused beam patterns. Measuring the beam pattern in meteéarch unit into the metal block5) procedure for obtaining
from ultrasonic search units is important in establishing pacross-axis profiles, an@) analysis of the recorded responses.
rameters such as beam spread (or focus) and ultrasonic
response (echo amplitude) from targets at different depths. A8.2 Search Unit Characterization and Ultrasonic
These parameters are valuable in selecting a search unit f@istrumentation-Characterization of the search unit to estab-
specific applications and analyzing the received data. lish operational frequency and bandwidth prior to measurement

A8.1.1 —Annex A8 describes a means for measuring soundf beam patterns is a basic requirement (see Annex Al and
beam patterns in metal using the pulse-echo response fromAmnnex A2 of this guide). Once search unit characteristics are
series of side-drilled holes (SDHs) machined at different depthdefined and agreed between users, a pulse-echo flaw detection
below the surface of the reference block. Requisites foinstrument with appropriate signal gating capability (see
developing sound beam patterns in metal includg:means A6.2.1) may be used to record the sound beam patterns. The
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flaw detection instrument should be able to record signaNonmechanical (manual) procedures are not recommended as
responses from selected SDHs as the search unit is traverstiity are subject to inaccuracies caused by factors such as
along the block. Since the SDHSs in the test block are atouplant variations and inconsistent pressure between the
different depths, the recorded responses provide informatiosearch unit and the test block surface. Fig. A8.1 functionally
that describes beam patterns in the metal block. describes one type of scanner for obtaining sound beam
patterns. The figure shows the test block with SDHs. A
A8.3 Metal Test Block-The selection of the size of the spring-loaded holding fixture provides a constant pressure
metal block and the number and depth of the SDHs should bpetween the search unit and the block’s surface. A spring-load
based on the design of the search unit. The series of SDHpressure between 3 and 5 Ibs. has been found to be sufficient to
located at different depths below the surface, provide thebtain reliable and repeatable results. The spatial position of
targets from which the information describing the sound beanthe search unit is obtained from an encoder or micrometer
pattern, beam spread or focus and signal amplitude responggal/slide attached to the drive motor. From this information,
may be obtained12). A metal block that is 12-in. (300-mm) the amplitude response from the SDHs can be correlated with
long, 4-in. (100-mm) high, and has a width of 1.25 to 1.5 in.the position of the search unit on the block. Care must be taken
(32 mm to 38 mm) is typical of test blocks for evaluating to ensure that the search unit is parallel to the surface of the

contact search units in the 2-to 15-MHz frequency range. Thelock and is free from cant, skew or wobble as this can degrade
holes drilled through the thickness of the block must be straighthe responses from the SDHs.

and perpendicular to the side of the block so as to provide a ) ) ) .
constant reflecting surface to the sound beam. Hole diametersA8.5 Coupling of Ultrasonic Energy-A variety of coupling

are typically%is in. (1.6 mm). Distances from the top surface @gents such as oil, glycerin, water or other ultrasonic couplant
are spaced at intervals from 0.25 in. (6.35 mm) to 0.5 in. (12.7Materials may be used. It is necessary to cover the top surface

mm) or greater depending on the size and frequency of thef the test block with the couplant, maintain it on the surface
search unit. throughout the measurements and apply a constant pressure

) ) ) ~ between the search unit and the surface of the block. If water

Note A8.1—Inch (English) units are considered standard for thISiS used, it is recommended that the block and the face of the

Annex. Appropriate metric values are included (in parenthesis) for . .
convenience of the USers. search unit be immersed. Care must be taken to ensure SDHs

Note A8.2—Block dimensions are not intended to be restricted to thosé'® Cléar of any contamination (corrosion, couplant, etc.) that
listed above. Alternate dimensions and designs may be chosen bjight affect the measurements.

agreement between users. . .
A8.6 Cross-Axis Sound Beam Patterna$his Annex covers

A8.4 Mechanical Traversing MechanisiSeveral types of search units designed with single or dual, circular or rectangu-
mechanical traversing mechanisms, such as C-scan bridgdar piezoelectric elements. Patterns from these units must be
may be used to record the sound beam patterns from the SDHsieasured in two orthogonal directions. The procedure is to

1 inch = 25.4 mm
G@e Bar

QLTI TR

Motor/Resolver Spring-Loaded
Lead Screw—,, Holding Fixture ero Degree, Contact Search Unit
AR AR A AAAAAARAA AR AL LSS SRR Y
—— To Pulser/Receiver

Couplan\

|[_| " & e - . i||||
FIG. A8.1 Traversing Mechanism for Obtaining Straight Beam Sound Beam Patterns in Metal
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record the pattern with the search unit placed in one orientethe desired separation. This may indicate interference from
tion, then to rotate the search unit 90° and repeat the measuradjacent holes, the side of the block, or from confounding
ment. By comparing the records from the two measurementsnultiple SDH signals in the gate. For accurate measurement of
parameters such as beam symmetry in two axes, beam divdseam spread, the profiles from the SDHs should be clearly
gence, dual search unit response and focus (if any) can leeparated. These data can be used to estimate the beam spread
evaluated. Search units made with rectangular piezoelectrigt the -3, -6, -10 and -20 dB levels by measuring the beam
elements will have different beam patterns in the two orthogowidth at two different depths and calculating the beam spread
nal directions. angle. Direct caliper measurements from the first and third
patterns at -20dB on the record shows the width of the first
beam pattern is approximately 0.3 in. and the width of the third

attern is approximately 0.45 in. or a difference of 0.15 in. To

timate the half-angle beam spread, the 0.15 value is divided

half. Since the distance between the holes is 1.0 in., the
gpproximate beam spread can be calculated using the arctan-
ent of 0.075- 1 = 4.28°. More precise measurements can be
btained using electronic time gating.

A8.7 Recorded Responselhe ultrasonic beam pattern
from a series of SDHs using% in. diameter, 5 MHz search
unit is shown in Fig. A8.2. An automated mechanical C-sca
bridge was used to obtain these data. The search unit and blo
were immersed in water and the unit was spring-loaded to th
block with approximately 3 Ibs. of force. The block used for
this example was made of aluminum and was 10-in. (250 mmg
long, 5-in. (125 mm) high and 1-in. (25.4 mm) wide. The
electronic gate was set wide enough to record signals from A8.7.1 The size of the block, depth of SDHs and separation
every depth of SDH without changing gate settings. The figurdetween holes should be selected based on the size and
shows the ultrasonic beam pattern and amplitude from sifrequency of the search unit being characterized to ensure that
SDHSs spaced 1.0 in. (25.4 mm) apart and at depths rangintpere is no interference between adjacent holes and reflections
from 1.0 to 3.5 in. (25.4 to 89 mm). The pattern on the left isfrom the sides of the block. Calculations of the beam spread
from the 1.0-in. (25.4 mm) deep hole while the one on the righhalf-angles can verify the predicted beam spread and this
is from the 3.5-in. (89 mm) deep hole. In the figure, the firstinformation can be used to ensure that no interference is
four profiles are clearly separated but the last two do not havpresent.

PBPPNN12 .CS1 Cross Section

1.800 Inches/div @

FIG. A8.2 Ultrasonic Response from SDHs in a Reference Block
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