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Standard Practice for

Ultrasonic Contact Examination of Weldments 1

This standard is issued under the fixed designation E 164; 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.

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

1. Scope the Contact Methotl

1.1 This practice covers techniques for the ultrasonic A-scan E 1316 Terminology for Nondestructive Examinatiéns
examination of specific weld configurations joining wrought 2-2 ASNT Standard: o ~
ferrous or aluminum alloy materials to detect weld disconti- Practice SNT-TC-1A Personnel Qualification and Certifica-
nuities (Note 1). The reflection method using pulsed waves is ~ tion in Nondestructive Testirig
specified. Manual techniques are described employing contagt
of the search unit through a couplant film or water column. ) ) o

1.2 This practice utilizes angle beams or straight beams, or 3-1 The techniques for ultrasonic examination of welds
both, depending upon the specific weld configurations. pracdescribed in this practice are intended to provide a means of

tices for special geometries such as fillet welds and spot weld&eld examination for both internal and surface discontinuities
are not included. The practice is intended to be used oWithin the weld and the heat-affected zone. The practice is

thicknesses of 0.250 to 8 in. (6.4 to 203 mm). limited to the examination of specific weld geometries in
wrought or forged material.
Note 1—This practice is based on experience with ferrous and alumi- 3 2 The techniques provide a practical method of weld

num.alloys. Other metallic materials can be examined using this practic xamination for internal and surface discontinuities and are
provided reference standards can be developed that demonstrate that the

particular material and weld can be successfully penetrated by awe” _SUIt_ed to th_e taSk_ of in-process q_ua“ty qontrOI_' The
ultrasonic beam. practice is especially suited to the detection of discontinuities

Note 2—For additional pertinent information see Practice E 317,that present planar surfaces perpendicular to the sound beam.
Terminology E 1316, and Practice E 587. Other nondestructive tests may be used when porosity and slag
1.3 Values stated in inch-pound units are to be regarded d8¢lusions must be critically evaluated. _
the standard. Sl units are given for information only. 3.3 When ultrasonic examination is used as a basis of
1.4 This standard does not purport to address all of the@cceptance of welds, there should be agreement between the
safety concerns, if any, associated with its use. It is thénanufacturer and the purchaser as to the specific reference
responsibility of the user of this standard to establish appro-Standards and limits to be used. Examples of reference stan-
priate safety and health practices and determine the applicad@rds are given in Section 6. A detailed procedure for weld

Significance and Use

bility of regulatory limitations prior to use. examination describing allowable discontinuity limits should
be written and agreed upon.
2. Referenced Documents 3.4 Personnel Qualificatior-In order to meet the intent of
2.1 ASTM Standards: this recommended practice, it is essential that evaluation be

E 317 Practice for Evaluating Performance Characteristic§erformed by properly trained and qualified testing personnel.
of Ultrasonic Pulse-Echo Testing Systems Without the Usd he user is referred to Practice SNT-TC-1A published by

of Electronic Measurement Instrumehnts American Society of Nondestructive Testing (ASNT) or other
E 543 Practice for Evaluating Agencies that Perform Non-equivalent programs. _ _
destructive Testing 3.5 Nondestructive Testing Agency Evaluatiedse of an

E 587 Practice for Ultrasonic Angle-Beam Examination byNDT agency (as defined in Practice E 543) to perform the
examination may be agreed upon by the using parties. If a

systematic assessment of the capability of the agency is
1 This practice is under the jurisdiction of ASTM Committee E-7 on Nonde- specmed, a documented procedure such as Practice E 543 shall

structive Testing and is the direct responsibility of Subcommittee E07.06 orb€ used as the basis for evaluation.

Ultrasonic Method.
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4. Search Units 6.1.3 The termllW Block Type Ishould be used only to

4.1 Angle-Beam requirements for angle-beam search unitdescribe blocks meeting the standard cited. The téirBlock
are determined by the test variables. The inspection proceduri/Pe Ilis reserved for the miniature angle-beam block recog-
should be established by taking into consideration variable§ized by ISO. _ _
such as weld thickness, available test surface, maximum 6-1.4 All other blocks derived from the basic ISO 2400
allowable flaw size, flaw orientation, and the acoustic properéonfiguration, but not fully meeting all its requirements should
ties of the material. Consideration should also be given to th&€ referred to aiw-Typeblocks. o
desirability of using comparable wave lengths within the test 6-1.5 Suppliers and users of such blocks should identify the
materials where both a longitudinal-wave test and an ang|e§pe0|f|cat|ons which are met, or provide detailed documenta-
beam shear-wave test are employed. This can be accomplishB@- ) )
by conducting the straight-beam (longitudinal-wave) examina- 6-1.6 Because of the possible differences noted, not all
tion at approximately two times the frequency of the angle'W-type blocks may be suited for every application for which
beam (shear-wave) examination. qualified 1ISO 2400 blocks may be acceptable.

4.2 Frequencies of 1.0 to 5 MHz are generally employed for 6-1.7 Unless the blocks have also been checked by pre-
angle-beam (shear-wave) and for straight-beam (longitudinagcribed ultrasonic procedures, they may also produce non-

wave) testing. uniform_or misleadi_ng test results.
4.3 Transducer sizes recommended for weld testing range 6-2 Distance Calibration _
from a minimum of¥z-in. (6.4-mm) diameter o¥s-in. square 6.2.1 An equal-radius reflecting surface subtending an arc
to 1 in. (25.4 mm) square orv&in. (28.6-mm) diameter. of 90° is recommended for distance calibration because it is
equally responsive to all beam angles. Other reflector configu-
5. Calibration rations may be used. Equal-radius reflecting surfaces are

5.1 Two methods of angle-beam calibration are in generancorporated into IIW-Type Blocks and several other reference
use: the polar, and the rectangular, coordinate methods. ~ blocks (see Annex Al) (Note 3). Distance calibration on a

5.1.1 The polar coordinate method requires measuremenggjuare-notch corner reflector with a depth of 1 to 3% of
of the beam centerline at the search unit/work interface and thigickness may be used. However, full beam reflections from
beam angle in a test block, and the instrument sweep i€ square corner of the block will produce erroneous results
calibrated along the beam line. Test information is graphicallyjvhen calibrating angle beams near 60°, due to mode conver-
converted into position and depth coordinates for reflectosion. The square corner of the block should not be used for
location. The polar method is detailed in Annex Al. distance calibration.

5.1.2 The re(_:t_angular coordinate method requires MEASUre-Nore 4—Small errors of beam index location are indigenous to the
ment of the position of the reflector from the front of the searchcalibration procedure using the an IIW-Type Block. Where extremely
unit, and the instrument sweep is calibrated for depth to th@ccurate calibration is necessary, a procedure such as that outlined in 6.2.2
reflector as it is moved to different positions in the beamshould be used.
providing a distance-amplitude curve. Test information is read 6.2.2 For testing of welds, a side-drilled hole may be used
directly for position and depth to the reflector. The rectangulafor distance, amplitude, position, and depth calibration. An
coordinate method is detailed in Annex A2. example is shown in Fig. 1. Move the reflector through the
6. Reference Standards beam to/e, ¥, %, 78, and¥s of thg Vee path. Adjust the delay

to place indication 1 at sweep division 1. Adjust the range to
6.1 lIW-type test blocks are a class of reference blocks fopace indication 9 at sweep division 9. Since these controls

checking and calibrating ultrasonic testing instrumentationneract, repeat the delay and range adjustments until indica-
which meet the basic geometrical configuration described igions 1 and 9 are placed at sweep divisions 1 and 9. Adjust

ISO 2400 but which may deviate in such aspects as non-metrignsitivity to provide an 80 %-of-full-screen indication from

dimensioning, alternate materials, additional reflectors, ang,q highest of the 1, 3, 5, 7, or 9 indications. At this sensitivity.
differences of scale details. IIW-type blocks are primarily Y ’

intended for characterizing and calibrating angle-beam test
systems, but also provide features for such uses as straight-
beam resolution and sensitivity checks. SENSITIVITY

S NWA OO N®D OO

Note 3—Discussion of the differences among various versions of
“IIW-Type” calibration blocks, illustrations of typical configurations and
an extensive bibliography can be found in a published referénce.

6.1.1 Only blocks fully meeting all the requirements of ISO
2400 should be referred to as IIW reference blocks.

6.1.2 Blocks qualified to certain other national standards
may also satisfy all the requirements of ISO 2400 but have
additional features.

4 Hotchkiss, F.H.C., “Guide to designs of 1IW-type block&IDT International
\ol. 23, n. 6, December 1990, pp. 319-331. FIG. 1 Side-Drilled Hole
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mark the maximum amplitudes on the screen from the reflectanation results, but their detection is not necessarily a basis for
at 1, 3, 5, 7, and 9. Connect these points for the distanceejection of the base material.
amplitude curve (DA Curve). Corner reflections from the hole 7.2 Couplant
to the surface may be observed at 4 and 8 divisions on the 7.2.1 A couplant, usually a liquid or semi-liquid, is required
sweep; these indications will not be used in the DA Curvebetween the face of the search unit and the test surface to
Measure the position of the reflector on the surface from the@ermit transmission of the acoustic energy from the search unit
front of the search unit to the surface projection of the holeto the material under test. The couplant should wet the surfaces
centerline. Since the depth to the hole is known, the calibrationf the search unit and the test piece, and eliminate any air space
provides means for estimating the position, depth, and relativbetween the two. Typical couplants include water, oil, grease,
size of an unknown reflector. glycerin, and cellulose gum. The couplant used should not be
6.3 Sensitivity-Amplitude Calibration injurious to the material to be tested, should form a thin film,
6.3.1 Reference standards for sensitivity-amplitude calibraand, with the exception of water, should be used sparingly.
tion should be designed so that sensitivity does not vary witWhen glycerin is used, a small amount of wetting agent is often
beam angle when angle-beam testing is used. Sensitivitygdded, such as an aerosol, to improve the coupling properties.
amplitude calibration standards that accomplish this end aré&/hen water is used, it should be clean and air-free. Inhibitors
side-drilled holes parallel to the major surfaces of the plate andr wetting agents, or both, may be used.
perpendicular to the sound path, flat-bottomed holes drilled at 7.2.2 The coupling medium should be selected so that its
the testing angle, and equal-radius reflectors. Surface notchesscosity is appropriate for the surface finish of the material to
can also accomplish this end under some circumstances. Thelse inspected. The following table is presented as a guide:

reference reflectors are described in Table 1. Roughness Average Equivalent Couplant
6.3.2 Under certain circumstances, sensitivity-amplitude (Ra pin.) Viscosity
callbranqn must be cprrected for coupll_ng variations (Section 5 10 100 SAE 10 wt. motor oil
7) and distance amplitude effects (Section 8). 50 to 200 SAE 20 wt. motor oil
80 to 600 glycerin
7. Coupling Conditions 100 to 400 SAE 30 wt. motor oil
7.1 Preparation 7.2.3 In performing the examination, it is important that the

7.1.1 Where accessible, prepare the surface of the deposité@me couplant, at the same temperature, be used for comparing
weld metal so that it merges into the surfaces of the adjacertbe responses between the calibration blocks and the produc-
base materials; however, the weld may be examined in théon material. Attenuation in couplants and wedge materials
as-welded condition, provided the surface condition does notaries with temperature so that a calibration performed in a
interfere with valid interpretation of indications. comfortable room is not valid for examination of either hotter

7.1.2 Free the scanning surfaces on the base material 6f colder materials.
weld spatter, scale, dirt, rust, and any extreme roughness on ] }
each side of the weld for a distance equal to several times thé Distance-Amplitude Correction
thickness of the production material, this distance to be 8.1 Use calibration blocks of similar surface finish, nominal
governed by the size of the search unit and refracted angle dfiickness and metallurgically similar in terms of alloy and
the sound beam. Where scanning is to be performed along ttiteermal treatment to the weldment.
top or across this weld, the weld reinforcement may be ground 8.2 Alternative methods of correction may be used provided
to provide a flat scanning surface. It is important to produce d@he results are as reliable as those obtained by the acceptable
surface that is as flat as possible. Generally, the surfaces do noethod. In addition, the alternative method and its equipment
require polishing; light sanding with a disk or belt sander will shall meet all the performance requirements of this standard.
usually provide a satisfactory surface for examination. 8.3 Calibration Reflectors

7.1.3 The area of the base material through which the sound 8.3.1 Straight-Beam Calibratior-Correction for straight-
will travel in the angle-beam examination should be com-beam examination may be determined by means of a side-
pletely scanned with a straight-beam search unit to detedrilled hole reflector a¥s and¥a of the thickness. For thickness
reflectors that might affect the interpretation of angle-beaniess than 2 in. (51 mm), th# thickness reflector may not be
results by obstructing the sound beam. Consideration must lresolved. If this is the case, drill another hole¥atthickness
given to these reflectors during interpretation of weld exami-and use thé”z and ¥-thickness reflectors for correction.

TABLE 1 Reference Reflectors and Their Attributes

Reference Reflector Attributes and Limitations

Easily manufactured and reproducible. Equally reflective to different beam angles.
Side-drilled holes However, they bear negligible size relationship to most critical defects.

Difficult to manufacture and requires good angular agreement of drilled hole with testing
Flat-bottom hole at testing angle angle.

Square notches simulate cracks at surface. V-notch half-angle should complement beam
Surface notches angle for maximum response.
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8.3.2 Angle-Beam Calibration-Correction for angle-beam
examination may be determined by means of side-drilled hole
reflectors at/a and¥a of the thickness. Th#z-thickness depth
to a side-drilled hole may be added to the calibration or used
alone at thicknesses less than 1 in. (25.4 mm). P

8.4 Acceptable Techniques S /7

8.4.1 Distance-Amplitude CurveThis method makes use L=~
of calibration blocks representing the minimum and maximum r > <
thickness to be tested. Additional calibration blocks of inter-
mediate thicknesses can be used to obtain additional dat&!G.3 Supplementary Technique 2, for Inspecting Butt Welds
points. The ultrasonic instrument, search unit, angle beam for Suspected Cross-Cracking when the Weld Bead is Ground
wedge, and couplant used for the distance-amplitude calibra- Flush
tion must also be used for the weld examination.

8.4.1.1 Set the instrument to give an 80 % signal on the
cathode ray screen from the highest amplitude obtained from
the calibration reflectors. Test the other calibration reflectors
with the same instrument settings, and either record or mark on
the screen the percent of screen height of the indication.

8.4.1.2 Then use these recorded percentages to draw a

/
ANGLE OF
ROTATION

ANGLE OF
ROTATION

distance-amplitude curve of percent screen height versus dept /7
or thickness on a chart or on the screen. During examination \
the distance amplitude curve may be used to estimate indica- e
tion amplitude in percent of the DA Curve. FIG. 4 Supplementary Technique 3, for Inspecting Butt Welds

for Suspected Cross-Cracking when the Weld Bead is not

8.4.2 Electronic Distance Amplitude CorrectieAThis Ground Flush

method can be used only if the instrument is provided with
electronic distance amplitude compensation circuitry. Use is

made of all reflectors in the calibration range. The testing TRANSMITTER (% (%RECENER
equipment, search unit, couplant, etc., to be used in the —

ultrasonic examination are to be used for this attenuation

adjustment.

8.4.2.1 Set the instrument to give a 50 % amplitude on the PEFECT

cathode ray screen from the reference reflector that gives the

highest amplitude. —
8.4.2.2 Test each reflector at other distances with the same FIG.5 Two-Search-Unit Technique 4, for Use with Thick

instrument settings, but adjust electronic distance amplitude Weldments

correction controls to give a 50 % screen height from the

reference reflector for each successive thickness. Means of

& Sl i a—
NG S O

SN
FIG. 6 Technique 5, for Inspecting the Weld Volume of T-Welds
| — —~— ] . . . . . .
, b oA PATH = accomplishing the equalization of amplitude from equal-size
! :</ { reflectors over the distance range is best described for each
: \I\>’ instrument in the operating manual for that instrument.
s — i 9. Examination Procedures
: —— . .
/ |  a 9.1 Examination procedures recommended for common
‘ — . ; A
\ l<\ I weld configurations are detailed in Table 2.
! : 9.1.1 Special attention should be given to curved or con-
: | toured surfaces to ensure consistent ultrasonic beam entry
{ ! angle and adequate coupling. Inspect circumferential welds
FIG. 2 Technique 1, for Inspecting Butt Welds with Angle using Technlques 12 and 13 (F|g- 12 and Fig. 13)? Inspect
Beams longitudinal welds using Techniques 14 and 15 (Fig. 14 and
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FACE A (%

FACE B

STRAIGHT BEAM

FLANGE

FACEC

FIG. 9 Technique 8, for Inspecting the Weld Volume of Double-

FIG. 7 Technique 6, for Inspecting the Fusion Zone of T-Welds Vee Corner Welds

—

WEB

’

/ \\‘ /’ \

FLANGE / \
8(a) Technique 7, for

Searching T-Welds for Discontinuities

FIG. 10 Technique 9, for Inspecting the Fusion Zone of Double-
WEB Vee Corner Welds
10.2 Reflector Size and Orientation
5) ; (% 10.2.1 Geometrical Methods-Reflector length¥s in. (6.4
\\ A mm) minimum can be measured by determining the points at
which half (6 dB) of the amplitude is lost at the extremities of
i FLANGE \/ \ / 4{ the reflector and measuring between them. Reflector héight
in. (3.2 mm) minimum can be measured by determinin§R
FIG. 8 (b) Alternative Technique 7, for Searching T-Welds for (the change in sweep reading) at which half (6 dB) of the
Discontinuities amplitude is lost as the search unit is moved to and from the

reflector. TheA SR X 100 divided by tSR (through thickness
Fig. 15). Base choice of angle both on the radius of curvatursweep reading) approximates the reflector height in percent of
and the thickness of the material in order to provide a beam thdhickness. Only the area of the reflector that reflects energy to
will travel through the material and reflect from the oppositethe search unit is measured. See Fig. 17. This method is
surface. appropriate for reflectors with dimensions greater than the
9.1.2 When more than one technique is given for a particubeam diameter. For reflectors smaller than the beam, significant
lar weld geometry or thickness or both, the first technique igrrors may occur.
considered primary, while the additional techniques are supple- 10.2.2 Amplitude Methods-Signal amplitude can be used
mentary and may be added to the inspection procedure.  as a measure of defect severity. Amplitude evaluation should
. be based upon experience with actual defects since artificially
10. Reflector Evaluation produced reflectors are not always directly relatable to real
10.1 Reflector Locatior-When distance calibration has defect shapes or sizes. For adversely oriented planar defects,
been achieved in accordance with 6.1, approximate reflectdhe amplitude may not indicate defect severity.
location can be accomplished using the method of 6.1.2 or a 10.3 Reflector Type-In addition to the evaluation of loca-
chart of the type shown in Fig. 16. tion and size of reflectors, there are several other attributes
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TECHNIQUE 11 TECHNIQUE 10 11. Report

11.1 Each weld examination should be recorded on a report

| A
form which includes at least the following information:

11.1.1 Weld types and configurations tested, including
thickness dimensions. Descriptive sketches are usually recom-
mended.

.

11.1.2 Automatic defect alarm or recording equipment or
ACE A both, if used.
11.1.3 Special search units, wedges, shoes, or saddles, if
used.
11.1.4 Rotating, revolving scanning mechanisms, if used.
} 11.1.5 Stage of manufacture at which test was made.
11.1.6 Surface or surfaces from which the test was per-
formed.
FACE B 11.1.7 Surface finish.
11.1.8 Couplant.
11.1.9 Method used.
FIG. 11  Techniques 10 and 11, for Inspecting Full-Penetration 11.1.10 Technique used.
Double-Fillet Corner Welds 11.1.11 Description of the calibration method and method of
correlating indications with defects.
11.1.12 Scanning.
which can be used to identify other types of reflectors. It must 11.1.13 Mode of transmission.
be emphasized that these methods are dependent on operatot1.1.14 Type and size of transducer.
skill to such a degree that acceptance of welds based upon this11.1.15 Test frequency.
type of information alone is not recommended. 11.1.16 Instrument identification information.
10.3.1 Reflector Orientation-Reflector orientation can be  11.1.17 Defect description (depth, location, length, height,

deduced from relative signal amplitudes obtained from théMPlitude, and character).
reflector with the search unit placed at various locations on the 11.1.18 Name Of 0pera§or.
weldment. An example is shown in Fig. 18. 11.1.19 Date of inspection.

10.3.2 Reflector Shape-Reflector shape and roughness will 12. Keywords
result in a characteristic degree of sharpness of the CRT trace12.1 NDT of weldments; nondestructive testing; ultrasonic
deflection depending upon the nature of the defect, the instrieontact examination; ultrasonic inspection; ultrasonic NDT of
ment, and search-unit combination used. weldments; weldments
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TABLE 2 Procedures Recommended for Common Weld Configurations

Weld Throat Thickness

Less than ¥z in. Y210 1%2 in. 1%2to 2%z in. 2%2t0 5 in. 5to 8in.
Weld Type (12 mm) (12 to 38 mm) (38 to 63 mm) (63 to 127 mm) (127 to 200 mm)
Primary TSAP Primary Top Ya Primary Top Ya Primary Top Ya Primary Top Ya
Butt:
Recommended angle, deg 70 70 70 or 60 45 or 60 70, 60, 45 or 60 60 or 45 45 or 60 60 or 45 45
or 45
Suggested technique” 1, (2 or 3) 1 1,2or3) 1 1, (2 or 1 1,(2or3), 1 1, (2 or 3), 1
3) 4 4
Tee:
Face AZ:
Recommended angle, deg 70 70 or 60 70, 60, or 60 or 45 45
45
Suggested technique 5 5 5 54 54
Face BZ:
Recommended angle, deg 70 70 or 60 70, 60, or 60 or 45 45
45
Suggested technique 5 5 5 54 54
Face C&:
Recommended angle, deg straight, straight (70 or straight, straight, straight,
70 45) 45 45 45
Suggested technique 6,7 6,7 6,7 6,7 6,7
Corner:
Face AS:
Recommended angle, deg 70 70 or 60 70, 60, or 60 or 45 45
45
Suggested technique 8 8 8 8 8
Face B<:
Recommended angle, deg 70 70 or 60 70, 60, or 60 or 45 45
45
Suggested technique 8 8 8 8 8
Face C©:
Recommended angle, deg straight straight straight straight straight
Suggested technique 9 9 9 9 9
Double Fillet Corner Weld:
Face AP:
Recommended angle, deg 45 45 45 45 45
Suggested technique 10, 11 10, 11 10, 11 10, 11 10, 11
Face BP:
Recommended angle, deg 45 45 45 45 45
Suggested technique 10,11 10, 11 10, 11 10, 11 10, 11

A See Figs. Figs. 2-11 for illustration of the techniques listed below.
B Faces A, B, and C for tee welds are shown in Fig. 6.

€ Faces A, B, and C for corner welds are shown in Fig. 9.

P Faces A and B for double fillet corner welds are shown in Fig. 11.

ARROWS INDICATE THE
DIRECTION OF INSPECTION

NoTe 1—Search-unit shoes are machined to match the curvature of the
work piece when diameter is less than 20 in. (500 mm).
FIG. 12 Technique 12, for Inspecting Circumferential Welds
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ARROWS INDICATE THE
DIRECTION OF INSPECTION

ARROWS INDICATE THE
DIRECTION OF INSPECTION

Note 1—Search-unit shoes are machined to match the curvature of the NOTe 1—Search-unit shoes are machined to match the curvature of the

work piece when diameter is less than 20 in. (500 mm). work piece when diameter is less than 20 in. (500 mm).
FIG. 13  Supplementary Technique 13, for Inspecting FIG. 15 _Supplementary Technique 15, for Inspecting
Circumferential Welds, for Welds Ground Flush Longitudinal Welds, for Welds Ground Flush

Defect Distance Ahead of Sound Source Point
1 2 3 4 5 6 7 8

2
3

Defect
Depth 4

ARROWS INDICATE THE
DIRECTION OF INSPECTION

FIG. 16 Defect Location Chart

Note 1—Search-unit shoes are machined to match the curvature of the
work piece when diameter is less than 20 in. (500 mm).
FIG. 14 Technique 14, for Inspecting Longitudinal Welds
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REFLECTOR LENGTH
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@ INDICATION CHANGE
IN SWEEP READING
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REFLECTOR HEIGHT

\ - REFLECTOR MOVED
;‘J FROM 50 % 710 MAX.
T0 50 % AMPLITUDE

POSITION

FIG. 17 Reflector Size Evaluation

) (il
.

o Testing from both sides of weld
reveals defect orientation.
FIG. 18 Determination of Reflector Orientation

ANNEXES
(Mandatory Information)

Al. INSTRUCTIONS FOR USE OF INTERNATIONAL INSTITUTE OF WELDING (llW) TYPE TEST BLOCKS AND OTHER
CALIBRATION BLOCKS FOR ULTRASONIC TESTING

Al1.1.1.3 Confirm the stability and proper operation of the
equipment, or

Al1.1.1.4 Determine transducer characteristics, such as their
sensitivity, and in the case of angle-beam search units, the
location of the beam exit point (beam index), the path length in
the wedge, and the angle of refraction.

Al.1 Purpose

Al1.1.1 IIW Type Calibration Blocks-To facilitate the ad-
justment and calibration of ultrasonic flaw-detecting equip-
ment. The blocks can also be used to:

Al1.1.1.1 Calibrate the sweep length,

Al1.1.1.2 Adjust the pulse energy and amplification,
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Al1.1.2 Supplementary BlocksBlocks other than those de- caused by shear waves generated by the mode conversion of
rived from the IIW Calibration Block 1, can be used for the longitudinal waves and other reflections.

distance and sensitivity calibration. For details, see A1.5. Al1.3.2 Using an Angle-Beam Search Unit for a Sweep
o Length from 4 to 10 in. (100 to 250 mm)
Al.2 Description A1.3.2.1 Place the search unit in the position indicated in

A1.2.1 The recommended configuration for an lIW-Type Fig. A1.5 and use the echoes obtained from the curved surface
calibration block for use in this practice is shown in Fig. A1.1. (with a radius of 4 in. (100 mm) and the groove with a radius
Dimensions are given for a version in U.S. customary unitsof 1 in. (25 mm). The sweep-length setting most commonly
and for a metric version based on lIW, 1ISO, and some nationadsed is 10 in. (250 mm), whereby the screen pattern must be
standards. Material must be selected by the using partiesalibrated in such a way that the indication of the curved
Unless otherwise specified, a low carbon steel such as UNSurface appears at 4 in. and the pulse indication of the groove

G10180 is suggested. An optional cylindrical acrylic plasticappears at 9 in. (225 mm). The indication from the curved
disk may be permanently mounted in the 2 in. (50 mm)surface will be at its maximum amplitude when the beam index

diameter hole; it is not required for this practice. coincides with the center point of the curvature; verify this by
moving the search unit back and forth, parallel to the sides of
Note Al.1—lIf the disk is provided it shall meet these requirements: {na calibration block. In this case. the groove echo can be
material—polymethyimethacrylate resin received by slightly rotating the search unit. In most instances,

thickness—0.920@= 0.005 in. (23= 0.1 mm) L T .
surfaces—polished, flat within 0.002 in. (0.5 mm) the initial pulse indication will appear to the left of the scale

one surface to be mounted flush with a block face zeropoint, caused by the delay in the wedge.
A1.3.2.2 It is also possible to calibrate the time base for
Al.3 Distance Calibration shear waves for any material whose shear to longitudinal
Al.3.1 Straight-Beam Longitudinal Wave velocity ratio is 0.55 by placing a straight-beam longitudinal-

A1.3.1.1 When calibrating the horizontal distance or sweepWave search unit in the position indicated in Fig. A1.6. The
length scale, adjust the multiple echoes obtained from a knowfultiple echoes obtained in this way will appear at distances
length of the test block in such a way that the leading edges dfat coincide with a sound path of 2 in. (50 mm) for shear
the echoes (the left-hand side) coincide with the requiredv@ves. If the sweep length is calibrated in this manner, it is
divisions of the horizontal scale. In most instances, utilizatior€SSential that subsequently the zeropoint be corrected if angle-
of the highest possible frequency is recommended to produééeam search units are used, because of the time delay caused

sharp indications, thereby improving the accuracy of thePY the wedge. The above method can be used, for example, for
distance calibration. calibrating a distance of 4 in. (100 mm), whereby the two

Al1.3.1.2 As previously mentioned, the calibration is Onlymultiple_ _echoes obtainec_i from _the 3.64-in. (91'”.‘”‘) distance
valid if the materials to be tested are fabricated from a materia® € Eosmo?ed ?t resrf)ectlv?lybz n. (5(r)]mm) and 4 in. (1h00 ’T‘T])
with the same or approximately the same velocity of sound a8" the scale. After the angle beam shear wave search unit has
the test block: for instance, a carbon steel calibration blociP€€N connected, correct the zeropoint by adjusting the sweep-

should not be used when testing certain stainless steelg.elay control to position echo from 4-in. (100-mm) radius

Furthermore, it should be realized that the initial pulse indica_reflector, at position of second back reflections of the straight
m.

tion may not be a true representation of the entrant surfac ea ) )
When using the double search unit technique, it should be A1.3.3 Using an Angle-Beam Search Unit for a Sweep
realized that the distances between the multiple echoes are rlggngth Larger than 10 in. (250 mm)jThe same method can be
completely equal because of the different path lengths, whicHsed as described in Al1.3.2; position a straight-beam
are inherent to this technique. When using the double seardfngitudinal-wave search unit as illustrated in Fig. A1.6 and
unit technique combined with another medium between tranghereafter correct the zeropoint in a manner similar to A1.3.2.2.
ducer and specimen, an even larger distance between the initialA1.3.4 Distance Calibration for the Sound Path, Projected
pulse indication and the first echo, compared to the distancen the Surface to be Scanrelace the search unit on the
between the multiple echoes, will be observed. The two screeg@libration block as indicated in Fig. AL.7 and correct the
images for a 4-in. (100-mm) range setting, obtained whersignal obtained from the edge of the block to coincide with the
using the single search unit and the double search unfistance between the beam index and the edge of the block. A
techniques are illustrated in Fig. A1.2. standard ruler may be used to measure the skip distances. For
A1.3.1.3 S|ng|e Search Unit Techniq_H,eTo calibrate the inch-dimensioned blOCkS, the ruler should be a minimum of 12

sweep length when using a straight-beam Iongitudinal-wav@ﬁ- long with 0.1-in. or s_maller divisions; for Sl uni_t blocks, the
search unit for a distance less than 10 in. (250 mm), place th@iler should be a minimum of 300 mm long with 2-mm or
search unit as indicated in Fig. A1.3 and adjust the distancéMaller divisions. Make adjustments for the skip distance and
between the multiple echoes to 4 in. (100 mm). To calibrate th&alf of the skip distance. It should be noted that when utilizing
sweep length when using a straight-beam longitudinal wavangle-beam search units of apprOX|mateI.y 60°, this calibration
search unit for a distance greater than 10 in. (250 mm), plac@ay be erroneous due to mode conversion.

the search unit in the position indicated in Fig. A1.3. For the A1.3.5 Adjustment of SensitivityWhen adjusting the sen-
20-in. (500-mm) range, a screen pattern will appear as showsitivity, take into consideration the following points:

in Fig. A1.4. This screen pattern also shows the indications A1.3.5.1 The frequency used.
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Table of Dimensions
U.S. Customary Block Metric Block
Symbol
Dimension (in.) Tolerance (in.) Dimension (mm) Tolerance (mm)
A 4.000 0.005 100 0.1
B 1.200 0.005 30 0.1
C 0.600 0.005 15 0.1
dy 2.000 0.01 50 0.2
d, 0.060 0.001 15 0.02
E 1.400 0.005 35 0.1
F 8.000 0.005 200 0.1
G 3.640 0.005 91 0.1
H 1.000 0.005 25 0.1
| 0.080 0.005 2 0.1
J 0.240 0.005 6 0.1
K 0.120 0.005 3 0.1
L 0.060 0.005 15 0.1
ry 4.000 0.01 100 0.2
ry 1.000 0.01 25 0.2
Surfaces/finish R, a 32 pin. max 0.8 pm max
b 63 pin. max 1.6 um max
c 125 pin. max 3.2 um max
Scales
X 1.200 tana + 1.400 0.005 30 tana + 35 0.1
Y 0.600 tanf + 1.400 0.005 15 tan + 35 0.1
z 2.800 tany + 1.400 0.005 70 tany + 35 0.1

Note 1—Material as specified.

Note 2—Scale X is 60°-75°, 1° increments, legends at 60°, 65°, 70°, & 75°.

Note 3—Scale Y is 70°-80°, 1°

increments, legends at 70°, 75°, & 80°.

Note 4—Scale Z is 35°-65°, 1° increments, legends at 35°, 40°, 45°, 50°, 55°, 60° & 65°.

Note 5—In order

to avoid sharp edges, minimize plating buildup, or remove in-service nicks and burrs, block edges may be smoothed by beveling or rounding, provided

the corner treatment does not reduce the edge dimension by more than 0.020 in. (0.5 mm).

Note 6—English and metric units shown on this figure

represent values used for two different blocks, that is, U.S. Customary Block and a Metric Block, and are not necessarily equivalent values.

FIG. Al.1

Calibration Blocks for Ultrasonic Testing
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Note 1—English and metric units shown on this figure represent values used for two different blocks, that is, U.S. Customary Block and a Metric
Block, and are not necessarily equivalent values.

FIG. A1.2 Screen Images for a 4-in. (100-mm) Range Setting

L
\j‘
e

0 4 (100) 8 (200)

4(100)

Note 1—English and metric units shown on this figure represent values used for two different blocks, that is, U.S. Customary Block and a Metric
Block, and are not necessarily equivalent values.
FIG. A1.3 Position for a Single Straight-Beam Longitudinal Wave Search Unit

| o) Ul

4(100) 8(200) 12(300) 16 (400) 20 (500)

Note 1—English and metric units shown on this figure represent values used for two different blocks, that is, U.S. Customary Block and a Metric
Block, and are not necessarily equivalent values.
FIG. A1.4 Screen Pattern Showing Indications Caused by Mode Conversion

Al1.3.5.2 The energy of the transmitted pulse. Al1.3.5.4 The attenuation of the material to be tested,
Al1.3.5.3 The surface condition of the object to be tested. relative to its acoustical characteristics.

12
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Note 1—English and metric units shown on this figure represent values used for two different blocks, that is, U.S. Customary Block and a Metric
Block, and are not necessarily equivalent values.
FIG. A1.5 Position for an Angle-Beam Search Unit

A1.3.5.5 The characteristics of the reflecting flaw, distancegdiameter hole, is used. The calibration that is engraved on both
surface condition, orientation, and the type of discontinuity. sides of the block makes a direct determination of angles
Al.4 Checking the Search Units and Their between 35 and 75 posgble. The exact anglg of r_efractlo_n can

be read off at the beam index when the echo is at its maximum

Characteristics height. When measuring angles of refraction between 75 and

Al.4.1 When checking the characteristics of a search unitsoo, the small hole 0.060 in. (1.5 mm) is used. Both positions
contact between the specimen and search unit is of maj re indicated in Fig. AL.8

importance, and it is necessary to use sufficient couplant. |
various search units are to be compared, the same coupl
should be used for each test.
Al1.4.1.1 Determination of the Beam Index of Angle-Beam A1.5.1 Other types of calibration blocks are illustrated in
Search Units—Position the search unit as indicated in Fig. the following figures:
Al1.5 and move it parallel to the sides of the calibration block g A1.9—Type DC Distance Calibration Block
until thg maximum echp from the quadrant is obta_uned. The Fig. A1.10—Type SC Sensitivity Calibration Block
beam index is now directly above the centerpoint of the ) o o
quadrant. Fig. A1.11—Type DSC Distance and Sensitivity Calibration
A1.4.1.2 Determination of the Sound Path in the Wedge Block
The method mentioned in A1.4.1.1 makes a direct measure- Fig. A1.12—Type MAB Miniature Angle-Beam Calibration
ment of the sound path in the wedge possible. It is known thaBlock
the echo on the screen is caused by a reflection from a plane
lying at a distance of 4 in. (102 mm). The additional distance Note Al.2—Types DC, SC, and DSC are similar in configuration to
that is read on the screen is caused by the delay in the wedgB0S¢ ©f the same type described in AWS documents. The miniature
Normally, this sound path is not taken into consideration and."9'¢-beam block is a U.S. version of IIW Calibration Block 2 but with
o P : . Significant variations. Block material must be specified by the using
the initial pulse indication is moved in §uch a way that thepartiesl Refer also to AL2.1.
guadrant echo corresponds with the 4-in. line on the screen
(with long delay wedges this initial pulse indication is some- AL1.5.2 Typical calibration uses of these blocks are listed in
times completely off the screen). Table A1.1 and the corresponding search unit positions are
Al1.4.1.3 Determination of the Angle of RefractiesThe Iillustrated in Fig. A1.13. The specific calibration procedures

echo, which reflects from the surface of the 2-in. (50-mm)used are determined by the testing application involved.

aR&.S Calibration with Supplementary Blocks

13
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Note 1—English and metric units shown on this figure represent values used for two different blocks, that is, U.S. Customary Block and a Metric
Block, and are not necessarily equivalent values.

FIG. A1.6 Longitudinal Wave Calibration of Sweep for Angle-Beam Shear Wave Examination
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FIG. A1.7 Position for Search Unit when Measuring Distance Calibration for the Sound Path
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FIG. A1.8 Determination of the Angle of Refraction
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Table of Dimensions
Symbol U.S. Customary Block Metric Block
Dimension (in.) Tolerance (in.) Dimension (mm) Tolerance (mm)
A 0.500 0.010 12.5 0.2
B 0.250 0.010 6.3 0.2
Rad. ry 1.000 0.010 25.0 0.2
Rad. r, 2.000 0.010 50.0 0.2

Note 1—Material to be as specified; refer also to A1.5.1.

Note 2—All surfaces: Ra 125 pin. (3.2 um) max.

Note 3—Index mark at center of curvature to be engraved as shown, two sides.

Note 4—In order to avoid sharp edges, minimize plating buildup, or remove in-service nicks and burrs, block edges may be smoothed by beveling
or rounding, provided the corner treatment does not reduce the edge dimension by more than 0.020 in. (0.5 mm).

Note 5—English and metric units shown on this figure represent values used for two different blocks, that is, U.S. Customary Block and a Metric
Block, and are not necessarily equivalent values.

FIG. A1.9 Type DC Distance Calibration Blocks
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Table of Dimensions
U.S. Customary Block Metric Block
Symbol
Dimension (in.) Tolerance (in.) Dimension (mm) Tolerance (mm)
A 3.000 0.005 75.0 0.1
B 1.250 0.05 32.0 1.0
C 0.905 0.005 22.6 0.1
D 0.500 0.005 12.5 0.1
E 0.384 0.005 9.6 0.1
F 0.500 0.005 12.5 0.1
G 0.727 0.005 18.2 0.1
Dia. d 0.0625 0.0005 1.6 0.02
SCALE X
70° 1.450 0.005 36.3 0.1
1.555 0.005 38.9 0.1
1.682 0.005 42.1 0.1
SCALE Y
45° 1.178 0.005 29.5 0.1
1.227 0.005 30.7 0.1
1.280 0.005 32.0 0.1
SCALE zZ
60° 1.334 0.005 334 0.1
1.402 0.005 35.1 0.1
1.480 0.005 37.0 0.1

Note 1—Material to be as specified; refer also to A1.5.1.
Note 2—Surface finish: External surfaces—Ra 125 pin. (3.2 um) max.
ID of test holes—Ra 32 pin. (0.8 pm) max.

Note 3—Scale marks and legends to be engraved at positions indicated.

Note 4—In order to avoid sharp edges, minimize plating buildup, or remove in-service nicks and burrs, block edges may be smoothed by beveling
or rounding, provided the corner treatment does not reduce the edge dimension by more than 0.020 in. (0.5 mm).

Note 5—English and metric units shown on this figure represent values used for two different blocks, that is, U.S. Customary Block and a Metric
Block, and are not necessarily equivalent values.

FIG. A1.10 Type SC Sensitivity Calibration Blocks
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Table of Dimensions
U.S. Customary Block Metric Block
Symbol
Dimension (in.) Tolerance (in.) Dimension (mm) Tolerance (mm)
A 1.000 0.005 25.0 0.1
B 2.500 0.005 62.5 0.1
C 0.750 0.005 18.8 0.1
D 1.000 0.005 25.0 0.1
E 0.484 0.005 12.1 0.1
F 0.032 0.005 0.8 0.1
Dia. d 0.125 0.002 3.2 0.05
Rad. ry 1.000 0.005 25.0 0.1
Rad. r, 3.000 0.005 75.0 0.1
Rad. r5 0.25 0.02 6.3 0.5
Rad. ry 2.625 0.005 65.6 0.1
SCALE X

45° 0.699 0.005 175 0.1

0.750 0.005 18.8 0.1

0.804 0.005 20.1 0.1
60° 1.200 0.005 30.0 0.1

1.299 0.005 325 0.1

1.410 0.005 35.2 0.1
70° 1.856 0.005 46.4 0.1

2.061 0.005 51.5 0.1

2.308 0.005 57.7 0.1

Note 1—Material to be as specified; refer also to A1.5.1.
Note 2—Notch at radiusto have rectangular cross section.
Note 3—Surface finish: External surfaces—Ra 125 pin. (3.2 um) max.
ID of test hole—Ra 32 pin. (0.8 um) max.
OD of square notch—Ra 32 pin. (0.8 pm) max.
Note 4—Index mark at center of curvature to be engraved as shown.
Note 5—Scale marks and legends to be engraved at positions indicated.
Note 6—In order to avoid sharp edges, minimize plating buildup, or remove in-service nicks and burrs, block edges may be smoothed by beveling
or rounding, provided the corner treatment does not reduce the edge dimension by more than 0.020 in. (0.5 mm).
Note 7—English and metric units shown on this figure represent values used for two different blocks, that is, U.S. Customary Block and a Metric
Block, and are not necessarily equivalent values.
FIG. A1.11 Type DSC Distance and Sensitivity Calibration Blocks
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TABLE OF DIMENSIONS

Note: Dwg. Not To Scale

SYMBOL DIMENSION (in.)

R 1.000

Ry 2.000

A 1.732

B 1.000

c 0.765

D 0.250

d (dia) 0.078

ANGLE
SCALE {to center lines) DIMENSION (in.)

X 30°% 0.442
(359) 0.536
! (40°) 0.642
45°% 0.765
; (50°) 0.912
‘ (55°) 1.093
| 60°* 1.325
X (65°) 1.641
Y 60°* 0.585
(65°) 0.724
70° 0.928
Y (75°) 1.260

*These designations to be labeled in degrees
as shown - 3/32 high

Major scale lines 1/4 high

Other scale lines 1/8 high

All Tolerances .005
Al Surfaces R, 64pin {or better)
1inch — 26.4 mm

Note 1—In order to avoid sharp edges, minimize plating buildup, or remove in-service nicks and burrs, block edges may be smoothed by beveling
or rounding provided, the corner treatment does not reduce the edge dimension by more than 0.020 in. (0.5 mm).
FIG. A1.12 Type MAB Miniature Angle-Beam Calibration Block

TABLE Al.1 Use of Supplementary Blocks for Calibration of Instrument—Lettered Search Unit Locations Indicate Positioning for the

Specific Calibrations Listed

Straight Beam Tests

Angle-Beam Tests

Block Beam Angle Distance Sensitivity Beam Index Distace Sensitivity
DC A A B B B
DSC F F CE D CE DE
SC GHI GHI
MAB O N O JK LM JK LM
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FIG. A1.13 Typical Search Unit Positions of Other Calibration Blocks

A2. RECTANGULAR COORDINATE CALIBRATION OF ANGLE-BEAM SEARCH UNITS ON THE ASME-TYPE BASIC
CALIBRATION BLOCK

A2.1 Capabilities of the Method (see Fig. A2.1) A2.1.4 Position depth calibration with respect to the front of

A2.1.1 Sweep range calibration over the examination rangéhe search unit and the examination surface.
A2.1.2 Sensitivity calibration of the examination system. A2.1.5 Resolution comparison of different examination sys-
A2.1.3 Distance amplitude calibration. tems.
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TABLE A2.1 Hole Diameters

[

Note 1—For each additional 2 in. (50.8 mm) of thickness atelin.
(1.60 mm) to the hole diameter.

Thickness (T) Hole Diameter
| I 1] [ in. mm in. mm
N Up through 1 up through 25.4 Y32 2.40
Over 1 through 2 over 25.4 through 50.8 g8 3.20
Over 2 through 4 over 50.8 through 101.6 Y16 4.80
. Over 4 through 6 over 101.6 through 152.4 Ya 6.40
FIG. A2.1 Capabilities of the Method Over 6 through 8 over 152.4 through 203.2 Y16 7.90

A The ¥s2-in. (2.40-mm) diameter hole shall be drilled to a depth of 1.5 in. (38.1
. . . mm) minimum and located at 7/2.
A2.1.6 Calibration correction for planar reflectors perpen- 2The Y-in. (3.20-mm) diameter and larger holes shall be drilled to a depth of 2

dicular to the examination surface at or near the surface.  in- (50.8 mm) minimum and located at 7/4.

A2.1.7 Beam spread. ) ) ) )
A2.2.1.5 The weldment thickness dimension will be the

A2.2 Basic Calibration Reflectors plate thickness if plate is used for fabrication of the block.
A2.2.1 A basic calibration reflector is the side of a hole A2.2.1.6 A scribe line shall be made in the thickness
drilled with its axis parallel to the examination surface anddirection through the hole centerline and continued across the

perpendicular to the edge of the material. Other reflectors sudi/© €xamination surfaces of the block. o

as the square notch may also be used. The side-drilled hole may”A2-2-1.7 A square notch shall be made wittin. (3.2-
be drilled into the weldment if its presence in the weldment ism™) diameter flat end mill and have a depth of 2T%and
not detrimental to the structure. The side-drilled hole may béength of 1in. (25 mm) located on the examination surféce
drilled into a block machined from excess stock from theT from the side drilled hole, running from 2 to 3/in. (51 to 76

weldment or from similar material of the same thickness. Se&"M) from the hole face of the block on thié2 side of the
Fig. A2.2. scribe line with one side of the notch flush with the scribe line.

A2.2.1.1 The hole shall be drilled to a depth é&1n. (38 A2.2.1.8 The examination surfaces of the reference block

mm) minimum, but where possible the depth shall be 2 in. (s8hall be finished the same as the examination surfaces of the
mm). weldment.

A2.2.1.2 The hole diameter is changed with thickness of they, 3 Sweep Range Calibration(see Fig. A2.3)
weldment in accordance with Table A2.1. . .
A2.2.1.3 The axis of the hole shall be at the plate thickness, A2.3.1 Couple the angl_e be*”‘.m search unit to the examina-
centerline for thickness up to 1 in. (25 mm). In thicker materialfion surfaceys T from the side-drilled hole. Position the search

the axis of the hole shall bé of the thickness below one of the unit for the maximum first indication from the side-drilled
examination surfaces. For simplicity the T location only is hole. Adjust the left edge of this indication to line 1 on the

described. The same principles hold for #€T hole location screen with .the delay control. . I
but the numbers are different. A2.3.2 Slide the search unit away positioning for the

A2.2.1.4 The hole shall be positionad of the thickness- maximum third indication from the hole. Adjust the left edge of
from 'tr;e. weld if the hole is in the weldment 66 of the this indication to line 9 on the screen with the range control.
thickness from the end if a block is used. The length of thef A2.3.3 Repeat delay and range control adjustments until the

block shall be at least 3 and the width shall be 4 in. (102 irst and third hole reflections start at sweep lines 1 and 9.
' A2.3.4 Slide the search unit positioning for maximum

mm). S S .
) response from the square notch. The indication will appear at
SQ OTCH MADE WITH DIA sweep Iine 4.
UARE N 1/8" . . . .
FLAT END MILL A2.3.5 Couple the search unit to the examination surface
‘ RS T containing the square notch positioning for maximum response
m X ‘ from the notch. The indication will appear at sweep line 8.
Lo
Vg i
i ) Delay Range
| 2"
1 |
) I A |
SCRIBE LINE 4 FACES © | f
T/2m i
~ 3T MIN. - n
‘ \ | | S I A B R
v
= ik
| 02T |
SIDE ‘ T
i
HOLE
FIG. A2.2 Basic Calibration Reflectors FIG. A2.3 Sweep Range
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A2.3.6 Each division on the sweep equéts of the Vee j
path. ~ ~ 80
N T
A2.4 Sensitivity Calibration (see Fig. A2.4) n A n”\@\ -
A2.4.1 Obtain maximum amplitudes from the, s, %5, 78 Y1 W e

, and¥%s Vee paths to the hole. o N\
A2.4.2 Adjust the sensitivity control to provide an 80 % / O\

of-full-screen amplitude from the hole at the path giving the o)

highest amplitude. Mark the peak of the indication on the

screen with a grease pencil. FIG.A2.5  Distance Amplitude

A2.5 Distance-Amplitude Calibration (see Fig. A2.5)
A2.5.1 Without changing the sensitivity control, obtain

maximum amplitudes from the other Vee path positions to the

hole.
A2.5.2 Mark the peaks of the indications on the screen. A A A N
A2.5.3 Connect the screen marks to provide the distance- [ T4 5 7 8 9 ]

amplitude curve for the side-drilled hole.

A2.6.1 The following measurements may be made with a
rule or scale, or marked on an indexing strip. The indexing strip
may be any convenient strip of wood, plastic, cardboard, etc.
One convenient technique is to use a sheet of paper folded
repeatedly until it is about the size of a pencil. The balance of A2.6.1.4 Couple, the search unit to the examination surface
the calibrations in Annex A2 are written based upon the use ofontaining the notch positioning for the maximum indication
the indexing strip. However, the procedures may be transtrom the first and second indication from the hole. Mark
formed for other methods of measurement at the discretion afumbers 3 and 5 on the indexing strip at the scribe line.
the operator. A2.6.1.5 Position the search unit for the maximum notch

A2.6.1.1 Couple the search unit to the examination surfacendication. Mark the number 8 on the indexing strip at the
¥4 T from the side-drilled hole. Position the search unit for notch.
maximum first response from the hole. Place one end of the A2.6.1.6 The depth from the examination surface to the
indexing strip against the front of the search unit, the other endeflector isT at 4;% T at 3 and 5%> T at 2, 6, and 10¥4 T at
extending in the direction of the beam on the examinatiorl, 7, and 9; and 0 at 8. Interpolation is possible for smaller
surface. Mark the number 1 on the indexing strip at the scribéncrements of depth. This measurement may be corrected by
line that is directly above the hole (Note A2.1). the radius of the hole if the radius is considered significant to

A2.6.1.2 Position the search unit for maximum second andhe reflector location accuracy.

Fhlrd .mdlcatl.on from the hole. Keep the same enq of the Note A2.1—The indexing strip calibration numbers indicate the posi-
indexing strip against the fro_m of _the SearCh_ un't' IVlarktion directly over the reflector which produces an indication at the same
numbers 7 and 9 on the indexing strip at the scribe line. sweep number on the screen.

A2.6.1.3 Position the search unit for the maximum notch
indication. Mark the number 4 on the indexing strip at theA2.7 Resolution Comparison of Different Examination
scribe line. Systems(see Fig. A2.7)

A2.7.1 Couple the search unit to the examination surface
containing the square notch. Position the search unit so that the
number 4 on the indexing strip is at the scribe line above the

N\ /-
o o o
A2.6 Position Depth Calibration (see Fig. A2.6) \ /
o O
NV

FIG. A2.6 Position Depth

< Sensitivity "_'80 hole. Three indications may be observed near 3, 4, and 5.
0=1 2 3 -
L 11 - Ay am TS
3 4 S 7 89 1 Ws 1
(@)at34aT (byat13/4T
FIG. A2.4  Sensitivity FIG. A2.7 Resolution
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A2.7.2 Adjust the position of the search unit for maximum A2.9 Beam Spread
amplitude on the center indication near 4 and equal indications

A2.9.1 Beam spread measurements may be made on the
from near 3 and 5.

A2.7.3 The indication near 3 is the beam spread direc?‘ide'dri”(ad hole. For e>.<ample, the half-amplitudg beqm limits
reflection. The indication at 4 is from the beam spread"'@Y b€ plotted by calibrating the beam centerline in accor-
following the path from search unit to hole, to opposite surfaced@nce With A2.3-A2.6 and proceeding with the following (see
to search unit. The indication near 5 is from the beam spreaﬁ'g- A2.9):
following the path from search unit to opposite surface to hole A2.9.1.1 Double the amplitude of the indications (6-dB
and reflecting along the incident path. change).

A2.7.4 If these indications are easily resolved, couple the A2.9.1.2 Couple the search unit to the examination surface.
search unit to the examination surfage T from the side-  position for maximum first indication from the hole. Move the
drilled hole. Position the search unit so that the number 8 0Rearch unit toward the hole until the amplitude equals the DA
the indexing strip is at the scribe line above the hole. Thregxrve. Mark a small number 1 on the indexing strip at the

indications may be observed near 7, 8, and 9. scribe line. When the search unit covers the scribe line, marks
A2.7.5 If these indications are resolved, the system has thﬁmy be made on the side of the search unit.

capability to provide distinct indications from reflector spacing . .
of less thar¥s of the Vee path. A2.9.1.3 Move the search unit away from the hole until the

A2.7.6 If proof of better resolution is required the above @MPlitude equals the DA Curve. Mark a small number 1 on the
steps should be repeated on an alternative hole of the same s{2g€Xing strip at the scribe line.
¥ T from the other end of the blocks T from the examination =~ A2.9.1.4 Repeat these measurements at positions 3, 5, 7,
surface containing the square notch. By using the alternativend 9 eights of the Vee path.
hole one may determine if the system has the capability to A2.9.1.5 Plot these points on a full-scale drawing of the
provide distinct indications from reflector spacing of less thamprojected beam path. Plot positions with respect to the vertical
Y16 of the Vee path. projection of the front of the search unit; plot depths at 1, 3, 5,
7, and 9 quarters of the thickness equivalent to the 1, 3, 5, 7,
and 9 eighths of the Vee path.

A2.8.1 Calibration Correction for Planar Reflectors Per- A2.9.1.6 Draw a straight line through the centerline points

pendicular to thoe Examination Surface at or near EItherand extend the line to the search unit. This indicates the beam
Surface—The 45° angle-beam shear wave reflects well from ; . .
enterline point on the search unit. The beam angle may be

such a reflector; however, mode conversion and redirection o%

reflection occurs to part of the beam when a 60° angle-bea%ead with a protractor as the angle between the beam centerline

shear wave hits the same reflector. This problem also exists fbnd a perpendiculgr line t'o the examinatipn surface, such as the
a lesser degree throughout the 57 to 80° angle-beam Sh(_ﬁ'@arch-unlt front-line prOJ_ecnon. Alternatlve_ly the _beam angle
wave range. This correction is required in order to be equalljn@ P& computed by using the 1-to-9 position distance from
critical of such an imperfection regardless of the examinatiorjl® indexing strip position depth calibration, where refracted

A2.8 Planar Reflectors

beam angle. See Fig. A2.8. beam angle,
A2.8.1.1 Couple the search unit to the examination surface B 1—to—9 position distanc
¥4 T from the hole. Position for maximum amplitude from the 02 = ama”( 2T j (A2.1)

square notch. “X” mark the peak of the indication on the screen

near sweep line 4. A2.9.1.7 Connect small number points 1, 3, 5, 7, and 9 at

A2.8.1.2 Couple the search unit to the examination surfacéhe lower edge of the beam aqd the similar points at the upper
containing the square notch. Position for maximum amplitud .dge of the beam. These two lines represent the half-amplitude

from the square notch. “X” mark the peak of the indication onliMits of the beam measured on the side-drilled hole. When
the screen near sweep line 8. spread is indicated, draw a straight line through points 5, 7, and

A2.8.1.3 The square notch may give an indication 2 to 19 a the upper and lower edges of the beam. Project the lines to
above the DA Curve with a 45-deg angle beam #ndf the  Cross and measure the angle between the lines. This is the
DA Curve with a 60-deg angle beam. Therefore, the indicatioPeam-spread angle of the full beam measured at the half-
from the square notch must be considered when evaluatingmplitude level on the side-drilled hole.
reflectors at the top or bottom surface.

A2.10 Alternative Calibration Paths

A2.10.1 Alternative calibration paths may be used. For
example,¥s of the Vee path is sometimes used with the 70°

P

- \\\ D4, angle beam?%s of the Vee path may be used in thin materials;
——MW :-2%\ or ¥s to '¥s may be used to avoid wedge noise but keep the
} 1 1 1 upward and downward angle-beam paths. The preceding mea-
\Q/d\ surements may be made on these alternative paths but the
position location and depth numbers must be changed accord-
FIG. A2.8 Planar Reflectors ingly. See Fig. A2.10.
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FIG. A2.9 Beam Spread
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FIG. A2.10 Alternative Paths
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