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PREFACE

This Standard was prepared by the Association’s Committee on Non-destructive Testing of
Metals and Materials by its subcommittee on ultrasonic testing, to supersede AS 1065—1978,
Methods for ultrasonic testing of ferritic steel forgingH. sets out methods for manual
ultrasonic testing of carbon and low alloy steel forgings at three recording levels by the use
of equivalent reflector sizes.

The Standard covers the use of pulse-echo ultrasonic testing equipment under direct contact
conditions. It describes various test methods (using ultrasonic sound waves) which may be
specified by manufacturers of forgings, inspecting authorities, or purchasers of forgings for
the testing of steel forgings. In this edition, levels of evaluation sensitivity based on
equivalent flat bottom hole reflectivity criteria have been introduced.

U Copyright— STANDARDS AUSTRALIA

Users of Standards are reminded that copyright subsists in all Standards Australia publications and software. Except where the
Copyright Act allows and except where provided for below no publications or software produced by Standards Australia may be
reproduced, stored in a retrieval system in any form or transmitted by any means without prior permission in writing [from
Standards Australia. Permission may be conditional on an appropriate royalty payment. Requests for permission and information on
commercial software royalties should be directed to the head office of Standards Australia.
Standards Australia will permit up to 10 percent of the technical content pages of a Standard to be copied for use
exclusively in-house by purchasers of the Standard without payment of a royalty or advice to Standards Australia.

Standards Australia will also permit the inclusion of its copyright material in computer software programs for no royalty
payment provided such programs are used exclusively in-house by the creators of the programs.
Care should be taken to ensure that material used is from the current edition of the Standard and that it is updated whengver the
Standard is amended or revised. The number and date of the Standard should therefore be clearly identified.
The use of material in print form or in computer software programs to be used commercially, with or without payment, jor in
commercial contracts is subject to the payment of a royalty. This policy may be varied by Standards Australia at any time.
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AS 1065—1988 4
FOREWORD

Procedures described in this Standard make it possible to locate the discontinuities in forgings
which have been machined, and which have received a grain-refining heat treatment. In
addition, hot-rolled bar substituting for a forged bar can be tested by this method.

Ultrasonic testing of forgings to this Standard is carried out using normal probes. Angle or
shear wave probes are used where the geometry of the forging prevents a comprehensive test,
or to further evaluate indications detected by normal probes.

Examination of forgings which have not been machined or which have not received a
grain-refining heat treatment may be severely restricted and comparison with a calibration
block cannot be applied rigidly under these conditions. Ultrasonic testing of forgings for
quality assurance in either of these conditions is not recommended.

Where adequate grain refining heat treatment has not been carried out and direct comparison
with standard fine-grained calibration blocks is not appropriate, alternative blocks or sections
of the forging itself should be used to evaluate sensitivities.
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5 AS 1065—1988
STANDARDS ASSOCIATION OF AUSTRALIA

Australian Standard

NON-DESTRUCTIVE TESTING—ULTRASONIC TESTING OF CARBON AND
LOW ALLOY STEEL FORGINGS

SECTION 1. SCOPE AND GENERAL

1.1 SCOPE. This Standard sets out methods for AS
manual ultrasonic testing of carbon and low alloy 1965 The measurement of surface roughness with

steel forgings, at three recording levels, by the use of direct-reading stylus electronic instruments
equivalent reflector sizes.
NOTE: Appendix A sets out information that should be supplied 2083 Calibration blocks and their methods of use
to the testing personnel before the commencement of the test. in ultrasonic testing

1.2 REFERENCED DOCUMENTS. The
documents below are referred to in this Standard.

AS 1.3 DEFINITIONS. For the purpose of this
1929 Non-destructive testing—Glossary of terms Standard, the definitions given in AS 1929 apply.

SECTION 2. EQUIPMENT AND CALIBRATION

2.1 GENERAL. The ultrasonic testing system shall 2.8 RESOLUTION. The equipment should be
be capable of displaying discontinuities likely to be capable of readily resolving adjacent reflectors with
presentin forgings and of delineating their boundaries a separation along the beam axis of 2.5 wavelengths.
and contours. For carbon and low alloy steels the nominal velocity

2.2 PRESENTATION. A-scan presentation shall be ~ Of compression waves is 5920 m/s and 3230 m/s for

used. The equipment shall be calibrated in accordance SNeéar waves. The resolution requirement is therefore
with AS 2083. as given in Table 2.1

NOTE: C-scan presentation may be used by agreement between TABLE 2.1

contracting parties. RESOLUTION REQUIREMENT
23 ASSESSMENT OF HORIZONTAL AND

VERTICAL LINEARITY. Horizontal and vertical Nominal compression Sheafbwave
linearity shall be assessed for the test ranges to be g7 wave biobes prodes
used. Any deviation of horizontal linearity exceeding

2 percent over the full screen width or vertical ; 128 81
linearity exceeding+2 dB between 30 percent and 25 59 33
100 percent graticule height shall be known and 4 3.7 2.0
recorded. Suppression should not be used. If used, its 5 30 16
effect on vertical and horizontal linearity shall be 10 1.5 0.8

known and recorded.

2.4 GAIN CONTROL. A gain control calibrated in

steps not exceeding 2 dB shall be used for measuring 2.9 COUPLANTS. A couplant with good wetting
the ratios of ultrasonic amplitudes. characteristics and compatible with the steel under
2.5 FREQUENCY RANGE. The equipment shall  test shall be used.

be capable of testing at a frequency within the range  NOTE: The same couplants should be used for calibration and
1 MHz to 10 MHz. testing.

2.6 PROBES. Either single or twin probes may be 210 CALIBRATION BLOCKS. Calibration blocks
used. They should have gnominal frgquency Sl)J/itab|e as specified in AS 2083 shall be used to calibrate the
for use in the range 1 MHz to 10 MHz. Dominant (€sting equipment.

frequency may be measured in accordance with 2.11 REFERENCE BLOCKS. Reference blocks
AS 2083. shall be used to establish sensitivity and the same

Probes having a specified frequency may be used by coUPlant should be used as that for the test. Blocks
agreement, as provided for in Appendix B. containing reference reflectors at various beam path

lengths may be used to establish sensitivity or

2.7 OVERALL SYSTEM GAIN. The overall  sections of a forging may also be used to establish
system gain shall be assessed in accordance withsensitivity (see Example 1, Paragraph C1.5,
AS 2083 and shall be not less than 20 dB. Appendix C).
Documents
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SECTION 3. METHODS OF TEST

3.1 GENERAL. The size, shape, geometry and
metallurgical considerations of forgings make it
difficult to completely specify scanning patterns or

3.3.3 Distance amplitude and area amplitude
curves. Distance amplitude curves may be used in
the assessment of discontinuities and shall be

procedures apart from the basic cross-sections shown prepared in accordance with AS 2083 using reference

in Figures 3.1 to 3.6 inclusive. However, it is
important that the purchase order contains sufficient
information together with suitably marked-up
drawings showing critical and highly stressed regions

blocks in accordance with Clause 3.3.2.
3.4 ATTENUATION.
3.4.1 General.Heat-treated forgings covered by this

so that appropriate scanning procedures can be agreedStandard would be expected to exhibit attenuation

on (see Appendix A).
3.2 PREPARATION OF TEST SURFACES.

3.2.1 General requirements. All surfaces over
which probes are to be traversed shall comply with
the following requirements:

(&) The profile of test surfaces shall permit uniform
probe contact throughout the test.

characteristics so that an effective ultrasonic

inspection can be carried out. However, when a

critical assessment is required the attenuation

characteristics throughout the region under test or in
regions as near as possible to that under test shall be
determined.

Assessment shall be carried out in two steps, to
establish the following criteria:

(b) Roughness of the test surfaces shall not exceed (@) To determine whether the forging can be

6.3 umR.
NOTES:
1. A machined surface is preferred for testing.

2. Where grinding is used to prepare the test surface, care is
required to prevent excessive roughness and burring and to
preserve the natural profile of the forging.

. Abrasive blasting, needle gun or flame descaling, followed
by wire brushing, usually produces a satisfactory testing
surface, but local grinding may be necessary to produce a
surface satisfactory for adequate probe contact.

4. Where possible, taper forgings should be step machined.

effectively tested using the nominated probe of
specified type, frequency and diameter.

To determine the attenuation/transfer loss
correction factor to be applied in the calibration
associated with the evaluation of discontinuities.

3.4.2 Determination of suitability for ultrasonic
testing. The procedure to be used to determine
whether a forging can be effectively tested by the
ultrasonic method using the specified probe(s) is as
follows:

(b)

Methods used to prepare test surfaces shall not be (&) Determine attenuation coefficient in terms of

detrimental to the forging.

3.2.2 Additional surface requirements. Where a
product Standard requires a surface finish for testing
better than that specified in Clause 3.2.1, the
requirements of the product Standard shall apply.
(See Paragraph A1, Appendix A).

3.3 PREPARATION FOR TESTING.

3.3.1 Time base calibration.The time base shall be
calibrated in accordance with AS 2083 and verified
against a known thickness of the forging under testto
determine if sound velocity in the material varies
from that of the calibration block by more tha%.

3.3.2 Preparation of reference blocks.Reference
blocks shall be prepared from one of the following:

(a) Blocks of material of similar composition and
heat treatment as the forging.

(b) Blocks of material having known attenuation
characteristics.

(c) A non-critical section of forging.

NOTES:

1. Reference holes should only be drilled in forgings with the
approval of the purchaser. Whether such holes are repaired or
allowed to remain in the forging should be at the discretion
of the purchaser.

2. Where it isnecessary to use side-drilled holes in lieu of flat-
bottomed holes, the relationship between the two has to be
known.

Where steel similar to that being tested is not
available, corrections for attenuation or contact
differences shall be made in accordance with
Appendix H.

COPYRIGHT
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dB loss/mm transit path as detailed in
Appendix H. Should the attenuation coefficient
exceed 0.01 dB/mm, completion of the test
should be subject to:

(i) the operator's proving that the required
sensitivity can be obtained through the full
thickness of the forging; and

(i) agreement between the purchaser and
supplier.

(b) Determine the attenuation and transfer loss

correction factor as detailed in Appendix H and
apply in the calibration associated with the
evaluation and scanning sensitivity settings.

3.5 PROBES. Probes used should be selected in
accordance with the recommendations given in
Appendix B, having due regard to the location, size
and orientation of possible discontinuities. The beam
axis should be as close as possible to normal
incidence to the maximum reflecting surface(s) of any
anticipated discontinuity.

3.6 METHOD. Forgings shall be tested using
normal probes to ensure that, as far as possible, the
whole volume of the forging is scanned in those
regions specifically identified as critical or highly
stressed. The testing shall be carried out using such
different normal probes as are necessary to ensure
that discontinuities at all likely locations and
orientations are detected.

NOTE: Angle probes may be used by agreement
Paragraph Al, Appendix A).

All testing shall be carried out at the scanning

sensitivity specified in Clause 3.760cuments
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3.7 SENSITIVITY.

3.7.1 General. The forging or specified areas of the
forging shall be scanned at the level of sensitivity
specified in Clause 3.7.3. Discontinuities so detected
shall be subsequently evaluated using the relevant
sensitivity specified in the product Standard or
application Standard.

The relationship between the scanning sensitivities
specified in Clause 3.7.2, the evaluation sensitivities
specified in Clause 3.7.3, and the requirements for
recording are outlined in an abridged form in
Table 3.1.

3.7.2 Scanning sensitivity. Scanning shall be
carried out using a gain at least 6 dB greater than that
required to bring the signal from a 6 mm diameter
flat bottom hole reference reflector at the maximum
beam path length to 40% graticule height. For long
items the beam path may be divided into sections to
improve clarity of presentation.

3.7.3 Evaluation and recording sensitivity. The
sensitivity to be used for evaluation of discontinuities
shall be that necessary to bring to an amplitude of
40% screen height a signal from the 6 mm diameter
flat bottom hole reference reflection at the same beam
path length as the discontinuity.

Discontinuities shall be evaluated and recorded for
reflectivity, dimension (height, width and length,

where possible), and location in accordance with
Table 3.1, using one of the following levels:

(a) Level T—one-half of the above amplitude or
greater.

(b) Level 2—equal to the above amplitude or greater.
(c) Level 3—double the above amplitude or greater.

3.74 Alternative scanning and evaluation-
sensitivities. Where reference reflectors, evaluation

AS 1065—1988

3.8 SCANNING REQUIREMENTS.

3.8.1 General. Scanning shall be carried out from

the surfaces nominated in Clauses 3.8.2 to 3.8.8
inclusive, and to the extent of coverage as listed. As
far as practicable, the entire forging shall be
subjected to ultrasonic examination. The scanning
rate shall not exceed 150 mm/s.

Twin crystal probes should be used for close-to-
surface examination.

3.8.2 Cylindrical forgings (longitudinally forged).
Unless otherwise specified in the order or contract,
solid forgings of circular cross-section shall be
examined radially over the complete length through
a minimum arc of 180 degrees and where practicable,
in a longitudinal direction using a normal probe (see
Figure 3.1).

NOTE: 360 degrees is preferred for the detection of near-surface
discontinuities, and the forgings may be examined while rotating
in a lathe or on rollers. If not specified by the purchaser, either
method can be used at the supplier's option.

3.8.3 Multisided forgings (longitudinally forged).
Unless otherwise specified in the order or contract,
solid forgings of cross-sections shown in Figures 3.2
and 3.3 shall be examined over the complete length
from a minimum of two-side faces at 90 degrees and
where practicable, in a longitudinal direction, using a
normal probe.

NOTE: Testing from all faces is preferred for the detection of
near-surface discontinuities.

Where practicable, both solid and bored forgings shall
also be tested in the longitudinal direction.

NOTE: Forgings which are to be subsequently bored should be
examined in the solid state; where central discontinuities are
detected itmay be necessary toexamine the forging after boring.

3.84 Square and rectangular forgings

and recording levels other than those listed above are (longitudinally forged). Solid forgings of square or
required by the purchaser, these details should be rectangular cross-section (see Figure 3.4) shall be

specified at the time of enquiry or order (see
Paragraph A1, Appendix A).

Where no evaluation and recording level sensitivity is
specified at the time of enquiry or order, Level 2
shall be applied.

TABLE

tested from a minimum of two side-faces at
90 degrees and where practicable, in a longitudinal
direction using a normal probe.

NOTE: Testing from all six faces is preferred for detection of
near-surface discontinuities.

3.1

TEST SENSITIVITY AND RECORDING CRITERIA

Scanning sensitivity

6 mm dia. flat bottom hole to 40% screen height at maximum beam path

length + at least 6 dB

Level 1

Level 2 Level 3

Evaluation sensitivity

6 mm dia. flat bottom hole at discontinuity distance to 40% screen height

Recording level Record any
discontinuity
producing an
amplitude equal to or
greater than 20%

graticule height

Record any
discontinuity
producing an
amplitude equal to or
greater than 40%
graticule height

Record any
discontinuity
producing an
amplitude equal to or
greater than 80%
graticule height

Sizing requirements | Recordable discontinuities

shall be sized for reflectivity, dimension and location

within the item under test. Dimension shall include height, width and length
where these parameters can be determined

Back echo attenuation| Any condition that reduces

the back echo by 50% or greater shall be recorded

unless it can be proved that such a reduction is due to geometric configuration

COPYRIGHT
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3.8.5 Upset forgings. Upset forgings shall be  3.8.7 Tapered forgings. Tapered forgings which
examined from all surfaces necessary to achieve total cannot be step-machined need special consideration
coverage using normal probes, supplemented by angle because some loss of back echo will occur during
probes as appropriate (see Paragraph Al, Appendix A). testing, and for this reason, interpretation of results is
negotiable (see Paragraph Al, Appendix A).

3.8.6 Hollow forgings. Hollow forgings shall be 3.8.8 Complex forgings. As complex forgings are

examined radially over their cqmplete'length throu_gh generally composite forms, the method used for

360 degrees and, where practicable, in a longitudinal scanning is negotiable (see Paragraph AL,

direction using normal probes (see Figure 3.5). Appendix A) and may consist of a combination of the
above.

Angle probes shall be used to detect longitudinal or 389 Bored forgings. Forgings which are to be
circumferential discontinuities which have a radial subsequently bored should be examined where
orientation, in particular those which occur adjacent practicable in the unbored condition; where central
to the bore surface (see Figure E1, Appendix E, for giscontinuities are detected, it may also be necessary

optimum probe angle). to examine the forgings after boring (see Figure 3.6).
Documents
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FIGURE 3.1. CIRCULAR (SOLID) FIGURE 3.2. CORNER (FLANGE)
CROSS-SECTION CROSS-SECTION

we > waf7l -
—
FIGURE 3.3. CRUCIFORM OR COLLARED FIGURE 3.4. SQUARE OR RECTANGULAR
CROSS-SECTION (SOLID) CROSS-SECTION
FIGURE 3.5. CIRCULAR (HOLLOW) FIGURE 3.6. CIRCULAR (BORED)
CROSS-SECTION CROSS-SECTION
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