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INTERNATIONAL

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.
Current edition approved Dec. 10, 1997. Published February 1998. Originally ——————————

published as E 164 — 60 T. Last previous edition E 164 — 94a. 3 Available from American Society for Nondestructive Testing (ASNT), 4153
2 Annual Book of ASTM Standardgol 03.03. Arlingate Plaza, Caller #28518, Columbus, OH 43228-0518.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. Doc u m ents
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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.

S NWA OO N®D OO

SENSITIVITY

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

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 Documents
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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. These 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. ™~
poctuments
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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.
| e - : . .
s — i 9. Examination Procedures
: —— . .
/ ] 7 9.1 Examination procedures recommended for common
. . . o
\ 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 aBOE(BmehtS
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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 s emtss
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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.
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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 CircumfﬁﬂaéVﬁlﬁ,lents
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