[‘IM’) Designation: E 317 — 01

ull

INTERNATIONAL

Standard Practice for

Evaluating Performance Characteristics of Ultrasonic Pulse-
Echo Examination Instruments and Systems without the
Use of Electronic Measurement Instruments  *

This standard is issued under the fixed designation E 317; 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.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope ment, interconnections, fixtures and connected alarm and

1.1 This practice describes procedures for evaluating th@uxiliary devices, primarily in cases where such a system is
following performance characteristics of ultrasonic pulse-echd!Sed repetitively without change or substitution. This practice
examination instruments and systems: Horizontal Limit andS not intended to be used as a substitute for calibration or
Linearity; Vertical Limit and Linearity; Resolution - Entry Standardization of an instrument or system to inspect any given
Surface and Far Surface; Sensitivity and Noise; Accuracy ofnaterial. There are limitations to the use of standard reference
Calibrated Gain Controls. Evaluation of these characteristics i810cks for that purposg. _
intended to be used for comparing instruments and systems or, 1.7 Required test apparatus includes selected test blocks and
by periodic repetition, for detecting long-term changes in the? Precision external attenuator (where specified) in addition to
characteristics of a given instrument or system that may b&1€ instrument or system to be evaluated.
indicative of impending failure, and which, if beyond certain 1.8 Precautions relating to the applicability of the proce-
limits, will require corrective maintenance. Instrument characdures and interpretation of the results are included.
teristics measured in accordance with this practice are ex- 1.9 Altérnate procedures, such as examples described in this
pressed in terms that relate to their potential usefulness fdfocument, or others, may only be used with customer approval.
ultrasonic examinations. Instrument characteristics expressed1.10 This standard does not purport to address all of the

in purely electronic terms may be measured as described #2fety concerns, if any, associated with its use. It is the
E 1324. responsibility of the user of this standard to establish appro-

1.2 Ultrasonic examination systems using pulsed-wav@riate safety and health practices and determine the applica-
trains and A-scan presentation (rf or video) may be evaluatedility of regulatory limitations prior to use.

1.3 The procedures are applicable to shop or field condi-
tions; additional electronic measurement instrumentation is no
required.

. Referenced Documents

2.1 ASTM Standards:
1.4 This practice establishes no performance limits for E 114 Practice for Ultrasonic Pulse-Echo Straight-Beam

examination systems; if such acceptance criteria are required, Examination by the Contact Methdd _ .
these must be specified by the using parties. Where acceptanceE 127 Practice for Fabricating and Checking Aluminum
criteria are implied herein they are for example only and are _Alloy Ultrasonic Standard Reference Blocks
subject to more or less restrictive limits imposed by customer's E 214 Practice for Immersed Ultrasonic Examination by the
and end user’s controlling documents. Reflection Method Using I_3ulsed Longitudinal Wa¥es

1.5 The specific parameters to be evaluated, conditions and E 428 Practice for Fabrication and Control of Steel Refer-

frequency of test, and report data required, must also be €nce Blocks Used in Ultrasonic Inspectfon
determined by the user. E 1316 Terminology for Nondestructive Examinatidns

1.6 This practice may be used for the evaluation of a E 1324 Standard Guide for Measuring Some Electronic
complete examination system, including search unit, instru- Characteristics of Ultrasonic Examination Instruménts

* This practice is under the jurisdiction of ASTM Committee EO7 on Nonde-
structive Testing and is the direct responsibility of Subcommittee E07.06 on 2 Beck, K. H., “Limitations to the Use of Reference Blocks for Periodic and

Ultrasonic Testing Procedures. Preinspection Calibration of Ultrasonic Inspection Instruments and Systems,”
Current edition approved Feb. 10, 2001. Published April 2001. Originally Materials Evaluation Vol 57, No. 3, March 1999.
published as E 317 — 67 T. Last previous edition E 317 — 94. ® Annual Book of ASTM Standartdgol 03.03.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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2.2 Other Standard: these may sometimes be designated “gain,” “attenuator,” or
IEEE Std 100,IEEE Standard Dictionary of Electrical and “sensitivity” on various instruments, the term “gain controls”
Electronic Term$ will be used in this practice in referring to those which

] specifically control instrument receiver gain but not including

3. Terminology reject, electronic distance-amplitude compensation, or auto-
3.1 Definitions—For definitions of terms used in this prac- matic gain control.

tice see Terminology E 1316. Other relevant definitions may be 5.9 These procedures can generally be applied to any

found in IEEE Standard 100. combination of instrument and search unit of the commonly

) used types and frequencies, and to most straight-beam exami-

4. Summary of Practice nation, either contact or immersed. Certain sections are also
4.1 An examination system to be evaluated comprises asompatible with angle-beam, wheel, delay-line, and dual-

ultrasonic pulse-echo instrument, search unit, interconnectingearch unit techniques. Their use, however, should be mutually

cables, and couplant; for immersion examination systemagreed upon and so identified in the test report.

suitable fixturing is required. 5.10 The validity of the results obtained will depend on the
4.2 When checking an entire system to be used for a giveprecision of the instrument display readings. This is assumed to

examination, test conditions are selected that are consistept +0.04 in. (=1 mm), yielding between 1 % and 2 % of full

with the intended end-use as determined by the user. scale (fs) readability for available instrumentation having
4.3 The ultrasonic response from appropriate test blocks isuitable screen graticules and display sharpness.

obtained, and presented in numerical or graphical form.

5. Significance and Use 6. Procedures for Obtaining Ultrasonic Response Data

5.1 This practice describes procedures applicable to both gi 1G(le:eral d ing this d ide. should
shop and field conditions. More comprehensive or precise ~' ™ procedure, using this document as a guide, shou
measurements of the characteristics of complete systems a & prepared for each specific type of Instrument or system to .be
their components will generally require laboratory technique§va|uat6d' ch:r gach procedure c_iete_rmlne from tge reqlfestlndg
and electronic equipment such as oscilloscopes and Signgpcumentst € m;trument examlnqtlon range to be evaluated,
generators. Substitution of these methods is not precludetf!€Ct the appropriate search unit, fixtures, and test blocks, and
where appropriate; however, their usage is not within the scop@Stab“Sh th? required display conditions. Unless otherwise
of this practice. required, mid-range values are suggested for most panel

5.2 This document does not establish system acceptan erOIS and “reject” must be Off unless specifically Qesired to
limits, nor is it intended as a comprehensive equipmen e evaluated. It may .t.)e desirable to vary the Instrument
specification controls from these initial values. If so, it is important to
5.3 While several important characteristics are included®PServe and report any anomalous effects on the parameters
others of possible significance in some applications are ndt®iNg evaluated when the controls are so varied. ,
covered. 6.1.2 When a procedure requires a change in receiver gain
5.4 Since the parameters to be evaluated and the applicad®y the use of a calibrated control, it is assumed that those
test conditions must be specified, this practice should b¥hich increase sensitivity with higher panel readings are
prescribed only by those familiar with ultrasonic NDT tech- désignated “gain” and those which decrease sensitivity with
nology and the required tests should be performed either bp|gher readings are designated “attenuation.” Fine (reference)

such a qualified person or under his supervision. gain controls when available are usually not calibrated in
5.5 Implementation may require more detailed procedura@iedbe'S and increase sensitivity with clockwise rotation.
instructions in the format of the using facility. 6.1.3 Although the procedures in this practice do not de-

5.6 In the case of evaluation of a complete system selectiofiCribe the use of electronic distance-amplitude compensation,
of the specific tests to be made should be done cautiously; if théS Use is not precluded. If it is used to affect any one or
related parameters are not critical in the intended applicatiorfombination of characteristics, measured under this document,
then their inclusion may be unjustified. For example, verticafthen all Charagtenstlcs should be evaluated with the same level
linearity may be irrelevant for a go/no-go test with a flaw gateOf compensation as was used on any one, and this level should
alarm, while horizontal linearity might be required only for be referenced in the report. If desired by the using parties, a
accurate flaw-depth or thickness measurement from the CR4ual set of test data may be made both with and without
display. distance-amplitude compensation.

5.7 No frequency of system evaluation or calibration is 6.1.4 If the display screen does not provide a suitable
recommended or implied. This is the prerogative of the usingnternal graticule, and deflection measurements are being
parties and is dependent on application, environment, an@hade, fix the eye relative to the external scale to minimize
stability of equipment. parallax. This practice assumes reading precision of within 2 %

5.8 Certain sections are applicable only to instrument®f full scale. If, for any reason, this is not feasible for the
having receiver gain controls calibrated in decibels (dB). Whilesystem under test, estimate the probable accuracy and include

this in the report. Readability can sometimes be improved by
the use of an external scale attached to the display screen

4 Published by Wiley-Interscience, New York, NY. having 50 or 100 divisions for full scale.
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6.1.5 When tests are being done by the contact methodinits, different block dimensions or other block designs may be
position the search unit securely and make certain that couplaneéquired to eliminate interferences. The couplant system used,
changes are not measurably affecting the results. Refer also &ither contact or immersed, must provide stable indications
Practice E 114. during the measurements. A horizontal scale permitting reading

6.1.6 When using the immersion method, allow adequat@ccuracy as specified in 6.1.4 is required.
time for thermal stabilization; remove bubbles and particles

. s . Note 1—An encapsulated transducer-targets assembly may be used for
from search unit and test surfaces; maintain the search-unjt;g purpose.

manipulator and test blocks in stable positions. Refer also to .
Practice E 214. 6.2.3 Procedure—Couple the appropriate block to the

6.2 Horizontal Limit and Linearity search unit so that the sound beam does not intercept any test
6.2.1 Significance— Horizontal limit and linearity have Iholesh Adjustlthe ig_strLIJmenlt gain, svyeep]:dta_lay,banﬁ sv¥|eep-
ianificance when rmination of h of a discontinuity id€Ngth controls to display eleven noninterfering back reflec-
significance when dete ation of depth of a discontinuity Stlons. Set the amplitude of each back reflection at 50 % fs

required. A specified minimum trace length is usually neces; f t of it i Furth diust th
sary to obtain the horizontal readability desired. Nonlinearit elore measurement ot Its position. Further adjust the sweep
ontrols (range, centering, or delay) to position the leading

g;tsg\rﬁﬁﬁaziﬁemn;?é ?jfifreeccttlchigrn?% g fdﬁlszag:/a()j/eéoépeg:]th|cknes§dge of the third and ninth back reflections at the 20 % and

6.2.2 Apparatus—A test block is required that will give 80 % scale divisions respectively (with each setin turn at 50 %

several (preferably eleven) noninterfering multiple back reflecfs)' After the third and ninth back reflections are positioned

0, 0, VIS I
tions for the sweep range and other test conditions of imeres@ccurately on the 20 % and 80 % divisions as described, read

Any block having good ultrasonic transmittivity, flat parallel e}nd re_cord the scale positions 9f each oth(_ar multiple. Altemna-
ely, if sweep-delay is not available, position the second and

e o e e o back relectons at the 20% and 601% sl dhisios
Fig. 1 will be satisfactory for mid-range frequencies and sweeﬁeSpeCt'Vely’ read and recor d the Scale positions of the initial
settings on most instruments when the beam is directed throud?’r”se start and of the remaining multiples.

the thicknesd. For other test frequencies or very large search Nore 2—Either more or fewer reflections can be used by suitably
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Material: 7075T6 aluminum
Plug drilled holes with water-insoluble plastic.
FIG. 1 Suggested Test Blocks for Evaluation of Horizontal and Vertical Linearity

Table of Dimensions

US Customary Block (in.) Metric Block (mm)
Dimension Tolerance Dimension Tolerance

A 1.25 0.05 32 1

B 1.00 0.05 25 1

C 0.75 0.05 19 1

D 1.00 0.05 25 1

E 0.75 0.05 19 1

H 3.00 0.05 75 1

T 1.00 0.01 25 0.2

w 2.00 0.05 50 1
d; and d, 0.047 dia. 0.005 1.2 dia. 0.1
All surfaces:
Flatness 0.001 0.02
Parallelism 0.001 0.02
Finish 63 p in. or smoother 1.5 pm or smoother
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modifying the procedure. For example, six back reflections may be usedonditions, for example for near-surface signals, it may be
if interference echoes are obtained with eleven, in which case the secongl,g|yated by the procedure in 6.4.3. Method A (ratio technique)

back reflection is positioned at the 20 % scale division and the fifth baclwi” disclose only nonlinearity that occurs in the instrument
reflection at the 80 % scale division. Measurement of the horizontal

position of each multiple echo, should be made at the same amplitude O(ﬁlrcwtry between the gain controls being used to set the

the leading edge of the indication. Any specific value may be selected iRMPlitudes and the display. Method B (input/output technique)
it is used consistently. Typically used values are baseline break, hagvaluates the entire receiver/display system at constant gain as

amplitude, or signal peak. established initially by the panel controls. Because of this and
6.2.4 Interpretation of Data other diﬁer_ence;, the two methods may not give id_entical
6.2.4.1 Horizontal limit is given by the maximum available resul';s for linearity range. Further, Method A may not disclose

trace length falling within the CRT graticule lines expressed inC€rtain types of nonlinear response shown by Method B.

linear units (inches or millimetres). Unless otherwise noted, ©6-3-2 Method A _ ,
this is also assumed to represent 100 % fs. Failure to obtain 6-3-2.1 Apparatus—A test block is required that produces

full-scale deflection may indicate an equipment malfunction. WO noninterfering signals having an amplitude ratio of 2 to 1.
6.2.4.2 Linearity test results may be presented in tabulaf "€S€ aré compared over the usable screen height as the
form or, preferably, plotted in the manner shown in Fig. 2. ThelnStrument gain is changed. The two amplitudes will be
deviation is given by the displacement (in % full scale) from "éférred to a#i, andHg (H, > Hg). The two signals may occur
the straight line through the set-up points representing ided ither screen order and do not have to be successive if part
linearity. For the test point shown (sixth multiple at 55 % fs) of a mgltlple—echo pattern. Unless otherW|se'speC|f|ed in the
the error is 5% fs. Maximum nonlinearity is given by the réduesting document, any test block that will produce such
“worst case” test point. Linear range is given by the set ofSignals at the nominal test settings specified can be used. For

contiguous points falling entirely within a specified tolerance.Many commonly used search units and test conditions, the test
6.3 Vertical Limit and Linearity block shown in Fig. 1 will usually be satisfactory when the

6.3.1 Significance— Vertical limit and linearity have signifi- ©0&am is directed along ti¢ dimension toward the two holes.

cance when echo signal amplitudes are to be determined frof’® method is applicable to either contact or immersion tests;
the display screen or corresponding output signals, and are hpwever, if a ChOlce_eX|sts, t_h_e latter may be preferable for ease
be used for evaluation of discontinuities or acceptance criterid Set-up and coupling stability.

A specified minimum trace deflection and linearity limit may Nore 3—An encapsulated transducer-targets assembly may be used for
be required to achieve the desired amplitude accuracy. Fahis purpose.

other situations they may not be important, for example, g 32 2 procedure—To obtain test data, position the search
go/no-go examinations with flaw alarms or evaluation by it 5o that two echo signals are obtained having amplitudes in
comparison with a reference level using calibrated gain conge ratio of about 2 to 1. Determine that there is sufficient range
tr_ols. This practice descrlbe_s both the two-signal ratio t_echm the gain controls to vary, (the larger) from 10 % fs to
nique (Method A) and the input/output attenuator technique;gg o fs. Manipulate the search unit and adjust the instrument
(Method B). Both methods assume that the test indicationgonols untilH, and Hg meet the conditions in Table 1. The
used for measurement are free of interferences resulting fro’ffi‘referred values are desired because the data may be most
nearby signals such as the initial pulse, interface echo, Qfasily presented and evaluated. However, positioning difficul-
adjacent multiples. If linearity is of concern under suchiies or lack of a fine gain or pulse-length control may not
permit obtaining the exact values. When optimum set-up

11
, g TABLE 1 Vertical Linearity Range by Method A Using Two-Signal
10 - (Ratio) Technique with Initial Values for  H, and Hg Giving
SET POINT (80,9) | / Ratios of 1.8 to 2.2
9 -2
s Note 1—Preferred setup values permit determination of vertical lin-
8 : // earity range directly from the data plot of Fig. 3.
IDEAL LINEARITY LINE—@=, e FalSoa -
E ; /A % Full Scale Hg % Full Scale
= £y
E 6 /r.< ‘(‘?{E?IL]EPOI‘NT (55.6) Preferred Values
S Z R4 f | T 60 30
E /—{ [~ DEVIATION 5% fs
; 5 Acceptable
s 7 65 30-36
g ! 7 64 29-36
Y 63 29-35
3 ® 62 28-34
/| SET POINT (20,3) 61 27-34
H - 60 27-33
4 59 27-33
Yoo 20 30 4 50 60 70 B0 90 100 58 26-32
57 26-32
POSITION OF SIGNAL ON SWEEP TRACE - PERCENT FULL SCALE 56 2531
FIG. 2 Example of Data Plot for Determination 55 25-31

of Horizontal Linearity
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conditions are established, secure the search unit in placextremes. Ideal linearity is defined by a straight line extending
observing the precautions noted in 6.1. Adjust the gain controlfom the origin through any set-up point to full scale. The
in steps so thaH, is set in increments of 10 % or less from linear range is determined by interconnecting adjacent data
10 % fs to 100 % fs. Read and record the valuesighndHg  points and noting the first locations above and below set-up
within the accuracies prescribed in 6.1.4. intersecting the limit lines. The upper linearity limit is given by
Note 4—To better define the response characteristic, particularly ne fhe corresponding value fot, and the lower limit by that for

the upper and lower limits, additional readings may be taken at smallefie- |f the preferred set-up values were not obtained, a new
gain increments. linearity line and corresponding limits should be constructed

6.3.2.3 Interpretation of Data—Vertical limit is given by the following the same approach.
maximum vertical deflection (baseline to peak for video and Note 5—If the requesting document specifies that the test results be
peak to peak for rf) within the usable graticule range that camresented in ratio form (that i$} »/Hg versusH,) the necessary values
be obtained from a large reflector (for example, the test blockan be calculated from the tabular data and presented in any format

surfaces) as the gain is increased. Report this in linear unitsgtoaetgged. To establish linearity limits the desired tolerances must also be

(inches or millimetres) and note equivalent graticule diviSions. "\ 6_if the instrument graticule cannot be read directly in % of ful
Unless otherwise stated, this is assumed to represent 100 % 3qle, the recorded values &f , and Hg should be converted to
Failure to obtain full-scale deflection may indicate an equip-percentages of full scale before plotting. If that is not done, new
ment malfunction. Linearity test data may be reported incoordinates with appropriate scale and limit lines must be constructed.
tabular form or preferably presented graphically. Unless oth- g 3.3 Method B

erwise specified in the requesting document, vertical linearity 6 3.3.1 Apparatus—This method requires the use of an
range should be determined graphically using the methodyxiliary external-step attenuator meeting the following mini-
shown in Fig. 3. If the preferred set-up conditidi,(=60 %  mum specifications which are usually certified by the supplier:

fs, Hg = 30 % fs) is established initially, the test results may be Frequency range  dc to 100 MHz
plotted directly on the scales shown. The limit lines provide a Attenuation 0 to 80 dB in 1-dB steps
graduated tolerance fétg of =1 graph division starting at the Impedance 50 or 75 Q)

set-up point (to provide for reading error) 1 divisions at the Accuracy +0-2 dB per 20-dB step

The instrument must be operable in a through-transmission
. o, . mode with the attenuator inserted between the source of the
(44.,100) / / /’(56,100) re_celved_3|gnal and the receiver input jack_ as shown in Fig. 4
7 Either single-search-unit or the alternative two-search-unit
configuration can be used. The attenuator should be connected
to the receiver input with a coaxial cable having the same
/ / 4 impedance as the attenuator and the terminator. However,
80 4 / negligible error will result if short lengths, that is 6 ft (1.8 m)
TOERL LINERRITY LINE —ee= / or less, of commonly used low-capacitance cables are used at
/ f mid-range test frequencies. The terminator should be a
0 / / shielded, noninductive resistor preferably mounted in a coaxial
/ A connector. Refer to Note 7 regarding termination errors. In the
(29.60)1/ single-search-unit configuration the pulser is shunted by the
% //7(31,60)

/,7 PULSE ECHO INSTRUMENT

50 / THRQUGH-TRANSMISSION MODE
” O
/

40 TRANSMIT JACK \.\ / RECEIVE JACK

90 ‘

~

HA PERCENT OF FULL SCALE

T R
J7] AN
30 / /
/- .
/ / SHIELDED TERMINATOR ' H COAX T
/ - il
ol
20 COAXIAL CABLES g
/ B @7(;
fon]
(0,11) COAX T oyt
10i C STEP ATTENUATOR O
’ / SEARCH UNIT 1
i/
/ /(6‘»0) ALTERNATE LINE FOR ONE SEARCH UNIT OPERATION
0 0 20 3 20 5 50 9 WHEN USED DISCONNECT LINE ¢
SEARCH UNIT REFER ALSO TO 6.3.3.1
HB PERCENT OF FULL SCALE
FIG. 3 Data Plot for Determination of Vertical Linearity Range by FIG. 4 Recommended System Configuration for Determination of

Method A (Ratio Technique) Vertical Linearity (Method B) and Gain Control Calibration
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attenuator input. Therefore, to isolate the pulser and protect thbe linearity response. Optional values are given in Table 2.
attenuator 'f. Its Input rating Is exceedgd, a dropping resistor ¢ 333 Interpretation of Data—Deviations from ideal lin-
may be desirable. If the two-search-unit arrangement is use%

no further isolation is required. The path length provided by the arity may be determined either by comparison with tabular

test medium should be adequate to separate the initial pulse ( glues or graphlcal]y. Ve”'cf'i' ]lnear range can th_en be estab-
any instrument cross-talk) from the desired signal, usually th shed for any_spemf@d deviation, ”S“f"‘.”y stated in percent of
from the first back reflection or interface echo (single—search—UII scale. This practlce, unless mod:)ﬂed t.)y the requ_estmg
unit method) or the first transmitted signal (two-search-unitdocument, prescribes a tolerance 05 % fs in determining
method). For most test situations a total material path of 2 indPPer and lower linearity limits. In addition1 % fs is allowed

will be satisfactory. amplitude readings obtained for each step from that for the

appropriate attenuator step as given in Table 2. The difference

Note 7—It is assumed that, as is typical of most commercial instru-fJ hich may be either positive or negative) is the deviation from
ments when operated in the through-transmission mode, the receiver inp év

impedance is large (at least ten times) compared with that of thdd€@l linearity in percent of full scale. The linear range extends
attenuator. This can usually be determined from the manual or from th&’om the lowest to the highest values of sequential amplitudes
manufacturer, and the terminator suitably adjusted. However, when therall falling within prescribed limits. Graphic methods require
is a question, a minimum of one 20-dB step should always be left in thesither logarithmic scales or inverse log calculations to give a
attenuator, and terminator errors will be negligible. Proper operation of th%traight linearity plot. The preferred format that is convenient
attenuator can be checked by determining that any combination of steps is sh . F'. 5. Deviation f ideal li it b
having an equivalent value, produces the same signal change. F ? use_'s S O‘_Nn In F1g. 5. Levialion irom 1 e_a m_ea” y can be
example, an increase of attenuation from 20 dB to 26 dB should produckead directly in percent of full scale, and vertical linearity range
the same display change as the increase from 30 dB to 36 dB. established by the limit lines shown. Other limit lines for any
6.3.3.2 Procedure—With approximately 30 dB of attenua- SPecified tolerances may be constructed in a similar manner.
tion in the external attenuator, adjust the instrument sweep and 6.4 Resolution
gain controls to produce a center screen deflection of 50 % fs 6.4.1 Significance-Depth resolution has significance when
within readability tolerance (that is, 2 % fs or better). Decreasgt is important to identify and quantify reflectors positioned
Fhe external attenuation in 1'dB StepS un.t" fu||—Sca|e deﬂect|0r:t|ose|y together a|ong the depth axis whether they are internal
is reached and record the signal amplitude for each step igiscontinuities or a discontinuity and a boundary. This proce-
percent of full scale. Reset the external attenuator to again givgyre is concerned with entry and back surface resolution only.
50 % fs and increase the external attenuation in 2-dB steps fa§jyce vertical linearity of signals within interference regions
five steps, and then in 4-dB steps thereafter until the signgk, example, near surface indications) may sometimes be
essentially disappears; record signal amplitudes for each stef,qjired, provision is also made for checking this. Resolution,

Note 8—Smaller attenuation increments may be used to better definas determined by this practice, includes the combined effects of

TABLE 2 Determination of Vertical Linearity Range by Method B Using Input/Output Technique with External Attenuator

Vertical Signal Amplitude versus Relative Attenuation

Decreasing External Attenuation Increasing External Attenuation
-dB H2 % fs H2 % fs Her- H;% fs +dB Hr % fs Hy% fs Hg - Hr% fs
0 50 50 0 0 50 50 0
0.5¢ 53 1€ 45
1.0 56 2 40
1.5¢ 59 3¢ 35
2.0 63 4 32
2.5¢ 67 5¢ 28
3.0 71 6 25
3.5¢ 75 7¢ 22
4.0 79 8 20
4,5¢ 84 9¢ 18
5.0 89 10 16
5.5¢ 94 12¢ 13
6.0 100 14 10
6.5° 106 16¢ 8
7.0P 112 18 6
7.5P 119 20¢ 5
8.0P 126 22 4
24¢ 3
26 25
28¢ 2
30 15
32¢ 1.2
34 1.0

“ Hg Read value of vertical indication from test fixture.
B H, Theoretical value for ideal linear response.

€ Suggested optional attenuator increments.

P Increments possibly required for full-scale deflection.
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FIG. 5 Data Plot for Determination of Vertical Linearity by Method B (Input/Output Technique)

instrument, search unit, and interconnects and is therefore @ aluminum products examination. No equivalent blocks are
system check for the specific components and test conditionesently available for far-surface resolution tests. When both
used. entry and far-surface resolution must be determined for specific
6.4.2 Apparatus—Select examination blocks that provide materials, hole sizes, and test distances, one or more special
metal distances corresponding to the resolution range and haolest blocks are usually required. When feasible, it may be
diameters specified in the requesting document or periodidesirable to have all the required test holes in a single block for
checking procedure for the specific system or type of instruease of set-up and test. A suggested configuration is shown in
ment to be checked. For comparative evaluations blocks malyig. 6.
be of any agreed-on material, however, if values for specific 6.4.3 Procedure—Determine from the requesting document
test applications are desired, the blocks should be made frothe blocks, frequency, search unit, and test conditions required.
material having ultrasonic properties similar to that to beSelect the block with the test hole that establishes the test
examined. Specimen characteristics such as metallurgicaknsitivity to be used, usually that needed to produce 80 % fs
structure, contour, surface condition, and dimensions caamplitude for the longest metal distance. Using this block,
significantly affect results. Further, search unit, test frequencyadjust the instrument controls to set the system sensitivity to
and operating conditions are major factors. Many types of teghe specified level without excessive loss of resolution. To
blocks have been used for resolution measurements includirgotain optimum sensitivity/resolution performance, adjustment
(1) aluminum alloy standard reference blocks as specified iof pulse length as well as one or more gain controls will
Practice E 127,2) steel or other metal-alloy reference blocks frequently be necessary. If an immersion test, make certain that
made in accordance with Practice E 428, \(arious commer- the search unit is positioned laterally for maximum hole-signal
cially available “resolution blocks” having a multiplicity of test amplitude and aligned for interface perpendicularity. Except
holes, notches, etc., andl)(special designs meeting user/ for interface peaking, no lower gain may be used thereafter,
supplier requirements. Use of ASTM-type aluminum referencalthough higher may be required as described. Resolution,
blocks is recommended for determination of entry-surfaceeither entry or far surface, is determined as follows. Using the
resolution whenever applicable, for example, comparative tesstablished sensitivity, reposition the search unit over each
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Note 1—Material, thicknesd, hole diameters, and surface roughness as specified by test requirements.

Note 2—One or more flat bottom holes spaced to avoid interferences and with ends plugged.
FIG. 6 Suggested Configuration for Resolution Test Block

specified hole in turn to optimize the indication, again makingevaluate in the receiver recovery zone as shown in Fig. 8,
certain that the interface signal is maximized by alignment ofproceed as follows: Adjust the instrument controls so that the
the search unit (at reduced sensitivity if necessary). If theesolved signal amplitude is 80 % fs; then reduce the sensitiv-
indication from any required test hole does not peak at 80 % fity in small increments using a calibrated gain control until its
or more, increase the sensitivity as needed until it does samplitude is 20 % fs. Record the change of gain (in decibels)
Unless otherwise stated, a hole is considered to be resolvedquired. Appendix X1 provides dimensions for a specific

under these conditions if its indication is clearly separated frongjesign of a Fig. 6 type block which is intended to meet the
the adjacent interface indication down to at least 20 % fs andesolution test requirements specified in a number of com-
there are no residual indications greater than 20 % fs throughnonly used material inspection standards.
out the test region when the search unit is repositioned to
eliminate the test hole signal. These conditions are illustrated Note 9—Although the above procedure does not describe the use of
in Fig. 7. When this cannot be done because of restricted bmcﬁectronip dis_tance-amplitudc_a compens_ation, its use is not preclgded and
dimensions, use a similar type block having a Signiﬂcantlysubstantlally improved effective resolution may result. However, if used,

. . the procedures of 6.1.3 should be followed.
longer metal path. If neither method can be used, estimate the

residual noise immediately adjacent to the hole signal and note 6.4.4 Interpretation of Data—Resolution, either entry or

this limitation in the test report. If linearity within the near far-surface, is given by the metal distance from the test-hole
surface region must also be determined, for example, tbottom to the appropriate surface, the hole diameter, and the
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FIG. 7 Typical Display Response for Determination of Near-Surface and Far-Surface Resolution
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FIG. 8 Typical Display Response for Determination of Sensitivity and Noise

reference used to establish test sensitivity (if other than therocedure of 6.4.3 for residual-noise determination. Record the
specified resolution block hole). Nonlinearity of the responseblock number, noise level, and signal amplitude if greater than
within the resolved test range is expressed by the difference i60 % fs. If the noise at maximum sensitivity exceeds 20 % fs,
decibels between 12 dB and the incremental gain changeduce the gain until 20 % fs is obtained and determine the
required to reduce the test hole indication from 80 % fs to 20 %smallest hole that will then produce a 60 % fs or greater
fs. The report should also fully identify the test blocks, specificindication. Record the block number, noise level, signal
holes, search unit, and test parameters used. amplitude, and reduced gain (in decibels). If the indication
6.5 Sensitivity and Noise from the smallest available hole exceeds 100 % fs, use the gain
6.5.1 Significance—Sensitivity is a measure of a test sys- control to lower the hole indication to 60 % fs and record the
tem’s ability to detect discontinuities producing relatively remaining available gain (in decibels) that does not cause the
low-amplitude signals because of their size, geometry, onoise to exceed 20 % fs.
dIStance' NO.ISG': C:.:m I.Imlt detectability of dlscontmwtlgs by Note 10—If this requires the use of an uncalibrated gain control, use
maSk'n_g the'r_ 'nd'cat'c_msj |t$ source may be ?leCtr'Cal Ofthe instrument’s calibrated attenuator if available, or a suitable external
acoustic, and if due to indications from the material structureggenuator to determine the applicable gain reduction factors (in decibels)
represents a possible limitation of the test method rather thaising the gain control positions as determined above and a suitable
the instrumentation. Generally, sensitivity, resolution, andeflector indication on the screen. Refer to 6.6.3 for use of external
signal-to-noise ratio are interdependent and should be eval@itenuator to calibrate a gain control.
ated under similar test conditions. NoTe 11—Since this is a systems check, the indicated noise will be a
6.5.2 Apparatus—Unless otherwise specified in the request-summaﬁo’? of both instrument electrica_ll noise and apoustical noise fr_om
ing document, use test blocks selected from an areajamp”tu&é:arch unit, couplant, and test material. If separation of the electrical

t of alumi I tandard ref block ti th<:omponent is required, note first the noise to the left of the initial pulse.
set or aluminum alloy standard rererence DIOCKS Meelng tNgemqye the search unit and make certain that the noise remains about the

requirements of Practice E 127. As discussed in 6.4.2, suctyme. If not, lower the pulse repetition rate until the noise to the left of the
blocks can provide a comparative basis for evaluating systenmaitial pulse, both with or without the search unit connected, is the same.
performance, but if data are required for other specific mateRecord this noise as the average electrical noise.

rials or test conditions, appropriate special blocks must be
used. Where E 127-type aluminum blocks are applicable, the
following selection is suggested for determining the probablySi
minimum size detectable hole:

6.5.4 Interpretation of Data

6.5.4.1 Sensitivity is expressed by stating the specific hole
zeltest distance that produces the required 60 % fs signal at a
3-to-1 or greater signal-to-noise ratio, and the gain control

Test Frequency, . . . . . . .
Vs 041015 101025 5010100 settings nee_ded, that is, elther maximum gain or remaining
available gain up to that which gives 20 % fs or less noise.
Block designation ~ 5-0300 to 2-0300 to 1-0300 to 6.5.4.2 System noise is given either by the peak noise
8-0300 6-0300 5-0300

amplitude at maximum sensitivity if less than 20 % fs, or by
6.5.3 Procedure—With the instrument sensitivity at maxi- the gain reduction in decibels of the noise below the smallest

mum, determine the smallest hole size that will give anavailable hole that gives 60 % fs or greater indication. If so

indication having an amplitude of at least 60 % fs and baselinspecified, both total noise and electrical noise should be

noise in the test region of no more than 20 % fs. A typicalreported.

instrument display is shown in Fig. 8. If the dimensions of the 6.6 Accuracy of Calibrated Gain Contrals

test block allow, move the search unit just away from the hole 6.6.1 Significance—~When quantitative measurement of sig-

and determine that the noise at the same location as theal amplitudes are to be made by comparison against a

indication does not exceed 20 % fs. Otherwise follow thereference indication, the use of accurately calibrated gain
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controls may be desirable or necessary, particularly when thietermediate steps if required.
amplitude ratio differs significantly from unity. For this proce-
dure, it is assumed that the controls are calibrated in conven7-‘ Report
tional decibel units. Refer to 6.1.2 regarding gain control 7.1 The requesting document should fully define the extent
nomenclature. of the written report required. As a minimum this may involve
6.6.2 Apparatus—A precision external attenuator, terminat- only confirmation of specified performance or the results of the
ing resistor, and test set-up similar to that described in 6.3.3.parameters evaluated. A comprehensive written report should
are required. The attenuator must have a range at least equalif§!ude all relevant information in sufficient detail so that the
that being checked plus the additional needed to bring the te&gsts could be duplicated later if desired.

signal on scale at highest instrument sensitivity specified. 7.2 The following format is recommended for a report
requiring complete documentation of the tests:

Nore 12—The maximum range for any single panel control functionis 7 5 1 “nstryment—name, model, modules, and serial num-
usually 60 dB or less. This method is not recommended for CheCkinher.S ' ’ ’ ,

larger ranges, obtained for example, by sequential use of more than o . . .
control, since cross-talk may become a problem. 7.2.2 Description of Apparatus used for each test including:

Note 13—A test precision of 1.0 dB is assumed to be adequate an®€arch Units—type, catalog number, frequency, size (serial
obtainable. Greater precision requires either smaller attenuator steps aumber when available)
use of correction factors for the display screen readings. Refer also to Note Interconnecting Devices—cables, search tubes
7. Test Fixtures—positioner, bridge, clamps

6.6.3 Procedure—Select a test system configuration that Couplant
will produce a stable, on-screen, mid-scale indication when the Test Blocks—specify by ASTM nomenclature, or if special,
instrument controls are set for the minimum desired sensitivitygource, drawing number or complete description (material, size
and the external attenuator has sufficient available attenuaticdnd location of test holes, geometry, dimensions, surface)
to equal the desired test range. Use the fine-gain control when External Attenuator—type, impedance, precision, and termi-
available, or pulse-length adjustment to set the referencgator
indication precisely at the 60 % fs graticule line. Record the 7.2.3 Method of each test including:
settings of the external attenuator and the calibrated controls, Contact or Immersion technique
noting whether they represent decibel gain or decibel attenua- Water Path where applicable
tion. Increase the instrument gain in the smallest available Control Settings relevant to tests—including internal con-
calibrated increment, and add sufficient external attenuation t&rols when used
return the test indication as closely as possible to the 60 % fs Test Frequency—Tuned or Wide Band
reference line. With 1.0 dB or smaller attenuator increments 7.2.4 Test Results of each instrument characteristic evalu-
available, the adjusted amplitude should always lie betweeated
56 % fs_and 64 % fs when the correct step is gsed. Record tlﬁg Precision and Bias
new gain control and external attenuator settings. Repeat the

procedure until the full range of the relevant instrument control 8-1 N0 ASTM round-robin tests have been made to deter-
has been checked. mine the repeatability of readings or the precision and bias

6.6.4 Interpretation of Data—Unless otherwise instructed obtainable with the procedures described. The assumed reading

by the requesting document, use the results as follows: Fdyrecision (2 % of full scale) stated in 5.10 is considered to be
each control range tested, tabulate the readings of the contrgPt@inable in practice and adequate for the purposes of this

against the incremental attenuation added externally. This@andard.
value is given by subtracting the initial external attenuationg, Keywords
from each subsequent reading of total attenuation. The total
error for any range is then the difference (in decibels) betweeﬂ
the panel value of control range and _that dgtermmed by th g; performance characteristics of ultrasonic examination
external attenuator. Report the error, if any, in terms of tota

deviation per 20 dB of control ranae and also for the full ran enstruments; performance characteristics of ultrasonic exami-
P 9 9€hation systems; pulse-echo examination instruments; pulse-
of any control of greater range.

echo examination systems; ultrasonic examination instru-
Note 14—The data obtained can be used to determine the error for angnents; ultrasonic examination systems

9.1 evaluation of pulse-echo examination systems; evalua-
on of ultrasonic pulse-echo instruments; nondestructive test-

10
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APPENDIX
(Nonmandatory Information)

X1. SPECIFIC DESIGN FOR FIGURE 6 RESOLUTION TEST BLOCK

ASTM TYPE RA RESOLUTION BLOCK o7in. oSin. 03in.

NEAR SURFACE RESOLUTION
(Material & Alioy)

{Suppiier)
(Part & Serial Number)

Refer to NOTE 4
BACK S8URFACE RESOLUTION
03in. 0.2in, 0.1in.

e W] S 4
i .
TT TI 4
N = % —~
|'——- s '—_—'“ tt Refer to NOTE &

SECTION A-A

e I e
-

d
/_d1 /_da /-da ’,..d‘ » /-de
o o O O O O
o < © A4

=4 454

= m

> -
> -

NOT TO SCALE

Note 1—Material to be as specified.

Note 2—Surface finish: “a” Ra 32 pin. (0.8 pum) max. Other surfaces Ra 63 pin. (1.6 pm) max.

Note 3—%ea4 in. diameter flat-bottom holes {d.d;) to be perpendicular to faces within 1°; FB surfaces to be finished smooth to full diameter; holes
to be cleaned, dried, and plugged leaving air gap of 0.04 in. (1 mm) min.

Note 4—Legends as shown (or metric equivalents) to be engrawéal (3 mm) high at approximate locations indicated.

Note 5—Block finish to be anodizing or plating as specified.

Note 6—Location for optional end support; attachment entry into block not to exéeed (6 mm).

Table of Dimensions

US Customary Block (in.) Metric Block (mm)

Legend Dimension Tolerance Dimension Tolerance
L 8.00 0.02 200.0 0.5
T 3.30 0.02 82.5 0.5
W 2.00 0.02 50.0 0.5
C 1.00 0.02 25.0 0.5
S 4.00 0.02 100.0 0.5
A 1.00 0.02 25.0 0.5
E 1.00 0.02 25.0 0.5

d;...dg 0.0469 0.0005 1.2 0.01
B, 0.100 0.005 25 0.1
B, 0.200 0.005 5.0 0.1
B; 0.300 0.005 7.5 0.1
= 0.300 0.005 7.5 0.1
Fs 0.500 0.005 125 0.1
Fs 0.700 0.005 17.5 0.1

FIG. X1.1 Type RA Resolution Test Block

11
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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