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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 epsilonej 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 o .
nation instrumentation. This guide describes means for obtain- 3-1 Definitions—For definitions of terms used in this guide,
ing performance data that may be used to define the acoustR€€ 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 td'€duency response. The equation usedH is:
periodic performance evaluation of search units throughout BW = (f, — f)/f; X 100 1)
their service life.

1.4 The procedures in Annex Al-Annex A6 are generally WNere:
applicable to ultrasonic search units operating within the 0.4 tofu IUO?/\F/)eerr ffrreeqﬁg: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—bearn search units. Additional Annex'es,_such as sougg 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 (5)—as measured on the on-axis profile

alternate means for search unit characterization, will be adde(glf a focused search unit, that portion of the sound beam that
when developed. . . fglls within given limits.

1.5 The values stated in inch-pound units are to be regarde 3.2.5 focal length (F)—for focused search units, the dis-
as standard. - L '

. 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 referred to as frequency spectrum.)
E. 1316 Terminology i‘or Nondestructive Examinatiéns 328 nommal frequency (hy)—the frequency stated on the
22 Other Document: label supplied by the 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 E-7 on Nondestructive 3',2'10 peak frequency I‘g_the frequency value at the
Testing and is the direct responsibility of Subcommittee E07.06 on Ultrasonidaximum amplitude of the frequency response.

Terminology

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 exite the search unit as expressed in time or number ocbrded from the sinusoidal burst techniques as outlined in
cycles (sometimes referred to as tone-burst). Annex Ab.

3.2.12 pulse echo sensitivitra measurement that compares  4.1.4.2 d-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 MeasuremenrtsThe 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 duratior-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 bEr9et) or hydrophone receiver techniques to be followed. The

described from the data obtained by procedures outlined in thig0@! 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) hock excitation 4.1.5.3 None of the measurements of sound beam patterns
and @) sinusoidal burst. Annex Al describes procedures foP'€ mte_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 fgnay 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{§,.)—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 procedut®’ ) )
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

. . h . “amplitude (not logarithmic) response as a function of frequency. The
search unit and the amplitude of the pulse-echo signal I'(:"Ce'verézording or line drawing shows only the positive component or envelope

from_ a specified target. Annex A3 describes the procedure oyt 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 thig Significance and Use
guide. '
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
rovide data from which such criteria may be established.

iy €52 These procedures are intended to evaluate the charac-
recorded from specific targets that are chosen for the type cEf ristics of single-element piezoelectric search units.

search unit under evaluation (for example, immersion, contacte5 3 1mol tati . detailed dural
straight beam, or contact angle beam). Annex A4 describes the ~* mpiementation may require more detailed procedura

procedures for measuring time response instructions in a format of the using facility.
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§

e . ervice evaluation of the operating characteristics of ultrasonic
measuring instrumentation, and these measurements may

used to provide the magnitude and phase of the impedance arch.unlts. Al or portions of the guide may be used as
. . .aetermmed 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 instructio_ns of the instrument s 1pe poigtace numbers in parentheses refer to a list ﬁeferences at the eniof
manufacturer. The value of the magnitude of the complexnis test method. ocuments
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4.1.3 Time ResponseThe time response provides a meansq
for describing the radio frequency (rf) response of the wavey
form. A shock excitation, pulse-echo procedure is used t
obtain the response. The time or waveform responses a
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Shock Excitation —
Freguemcy and Time Responses

User May Add Other Data
About Search Unit,

e.g. MFG, Style Type,
Serial No., Cable

Target etc.
Peak Frequency ---------- f;. 2.2 MHz Bandwidth --- BW 32%
Center Freguency -------- f: 215 MHz  'Waveform Duration:
Upper Freguency (@ -6dB fu 2.5 MHz @ -20dB level 3 psec
Loweer Freguency (@ -6dB f1 1.8 MHz @ -20dB level 3.7 psac

FIG. 1 Test Data Available from Shock Excitation Procedure

Apphed Current {1 )

Peak Frequency --—------- fo 4.7 MHz BwW 43%

Center Freguency ——------- fe 4.7 MHz Relative Sensitivity — Sirel -27dB
Upper Frequency @ -6dB f, 57 MHz Electrical mpedence (mag) 52 [}
Lower Frequency (@ -6dB f, 3.7 MHz

FIG. 2 Test Data Available from Sinusoidal Burst Technique

5.5 The measurements are made primarily under pulse-ecluapability, 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 5.7 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 injporyant in specific applip%ay affect the test results and lead to apparent differences.
tions may not be treated. These might include power handling

Documents

Document Sharing Hub

Full document details: ASTM E1065-99


http://www.avadocuments.com/doc/astm-e1065-99
http://www.avadocuments.com/doc/astm-e1065-99

. . . .S,
NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

A8 E 1065 — 99
“afl

5.8 Interpretation of some test results, such as the shape qfiency response, peak frequency, bandwidth, bandwidth center
the frequency response curve, may be subjective. Small irregdirequency, and time response may be obtained.
larities may be significant. Interpretation of the test results is g2 Fig. 2 jllustrates the typical results obtained using the
beyond the scope of this guide. _sinusoidal burst technique. Values may be obtained for fre-

5.9 (_Zertam results obtained using the p_rocedures c_)uthneauency response, peak frequency, bandwidth, bandwidth center
may differ from measurements made W'th ultrasqmc tesK‘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 characteristicaique
of the instrumentation. '

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 dligitized 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 pealaveform, 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 fr_equency, abgm condition in which analyzed. The gated analog rf waveform is input to the
the frequency response is asymmetrical. spectrum analyzer, (see Fig. A1.2). The gated digitized wave-

A1.1.1 Two means are described for obtaining the freformisinput to the Fourier transform calculator and displayed,
quency responsea) shock excitation, andbj sinusoidal burst. ~ (see Fig. A1.3). The resultant spectrum describes the frequency
The responses obtained using these procedures provide simif@sponse of the search unit.
results; however, reproducibility is dependent on factors such Nore AL 1—Snecial Notice for Freauency Resnonse MeasUrements
as generator driving impedance, search unit impedance, pu'Wﬁ?::Eorrec.:t sett?ngs the results from ct1he sh);)ck exF::itation and sinusoida.l
shape, and measureme_nt SyStemS' The measuremem, sySterB t procedures wiI’I produce similar results. However, because of the
be used for search unit evaluation should be established Bytipie 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 TechnigueThe 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 higtoff
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 givdﬁovide a maximum energy transfer to a search unit. As the pulse duration
target reflects the frequency distribution that is characteristic ofnd the output impedance of the generator may influence the actual

that search unit. Measurements may be made using either t Bectrum delivered to the search unit, care must be exercised to ensure that
' the spectrum of energies applied is sufficient to accurately describe the

analog or digitized rf waveform. Fig. A1.2 describes typical frequency response of the search unit. Operating parameters of the pulser
components used to measure frequency response of an df, i e 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 (300 ohms or higher) to

that can be adjusted to capture the echo waveform, displagduce the potential adverse influence. ocuments
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AMPLITUDE

(a) Symmetrical-Response Curve
10

AMPLITUDE

| | ]
¢} 1 2 3 4 5 6 7 8 9 10 1 12
FREQUENCY (MHz)

(b) Asymmetrical-Response Curve

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 off€dUency, a plot of the acoustic frequency is obtai(@d
measurements. Specific requirements may be established between theAl.S.l Fig. A1.4 is a block diagram for a system designed
supplier and user. . . .

Note Al.4—When using the shock excitation technique, the returningfor d.'Splay'ng and .recor_d'ng the frequency_reSpQHSG' The
echo should be gated such that the gate is wider than the echo to ensdi1Ction 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 excludgfequency of the search unit (for example, 1 to 5 MHz for 2.5
from the frequency response, this should be clearly documented bK/IHZ 1 to 10 MHz for 5 MHz, etc.). The generator pulse width
showing the gate position and width relative to the waveform. . " . o " .

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 &@&umeﬂts
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SHOCK PRE-
PULSE AMPLIFIER GATE
GENERATOR
SEARC ECHO _ﬂ.|
UNIT
- — OSCILLOSCOPE
TARGET ®
DELAY GATE WIDTH
GENERATOR GENERATOR
SPECTRUM
ANALYZER
ECHO
STEPLESS GATE
TIME TIME [ ]
EXCITATION PULSE GATED ECHO FROM TARGET FREQUENCY RESPONSE

FIG. Al1.2 Block Diagram of Shock Excitation System Used to Obtain Analog rf Waveform Information

DELAY
GATE WIDTH
GENERATOR GENERATOR
SHOCK PULSE FOURIER
GENERATOR RECEIVER GATE DIGITIZER TRANSFORM
I CALCULATOR
' I
REAL TIME
WAVEFORM DISPLAY
SEARCH _I
UNIT L; ? — — 'y
TARGET] DISPLAY

ECHO

L

TIME STEPLESS GATE
TIME (RNENESNENEN)
EXCITATION PULSE REALTIME WAVEFORM GATED DIGITIZED CALCULATED FREQUENCY
AND GATE DISPLAY ECHO DISPLAY RESPONSE DISPLAY

FIG. A1.3 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 teese 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 dibe 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 establaﬂeum&m‘lis
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FREQ.
COUNTER
CABLE SPECIFIED FOR
REPETITION SINUSOIDAL - USE WITH SEARCH UNIT
RATE & PULSE # BURST [} o——O—{T}
WIDTH GEN. GENERATOR
® VOLTAGE CURRENT
PROBE PROBE
MECHANICAL
ALIGNMENT
l RAMP GEN. l FIXTURE
H20
TEST
HORIZ. VERT.  VERT. SEARCH UNIT ¥
INPUT INPUT  INPUT (IMMERSION) z
> TARGET
EXT. TRIG R @
2 INPUT NOTE. OSCILLOSCOPE
DELAY AND o OsciLLoscopE ADJUSTED TO DISPLAY
PEDESTAL GEN. ONE HALF (1/2) OF
R.F. RESPONSE
® © sF Jé
NVYW 2o Va Ve A5
JO kL Jow
Qg S>>
ECHO FROM TARGET (Ve) s 45
- T
1 S 2
VOLTAGE APPLIED (Va) STEPLESS GATE FREQUENCY

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,

thereby showing the influence of the electrical impedance of Al,'4'1 Immersior—Fig. A1.5 shows the te;t setup for
the search unit: obtaining frequency response for immersion units.

10 TEST SYSTEM

I | ¢

\ ] -

WATER
16— O-¢ MANIPULATOR

X

____w\¢

SEARCH
UNIT
2o
GLASS BLOCK
e TARGET

[ ]

FIG. A1.5 Test Setup for Immersion Search Units
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