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2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM E127 Fabrication and Control of Flat Bottomed Hole Ultrasonic Standard Reference Blocks
ASTM E213 Ultrasonic Inspection Testing of Metal Pipe and Tubing

ASTM E317 Evaluating Performance Characteristics of Ultrasonic Pulse-Echo Testing Systems Without the Use of
Electronic Measurement Instruments

ASTM E1065 Evaluating Characteristics of Ultrasonic Transducers

ASTM E1316  Standard Terminology for Nondestructive Examinations
2.3 AlA Publications

Available from Aerospace Industries Association, 1000 Wilson Boulevard, Suite (700, Arlington, VA 22209-3928,
Tel: 703-358-1000, wwjw.aia-aerospace.org.

NAS410 Certifigation and Qualification of Nondestructive Test Personnel
2.4 ASME Publicatigns

Available from ASME| P.O. Box 2900, 22 Law Drive, Fairfield, NJ 07007-2900, Tel: 800-848-2763 (U.S./Canada),
001-800-843-2763 (Mgxico), 973-882-1170 (outside North America), www.asme.org.

ASME B46.1  Surface Texture
2.5 ASNT Publicatiohs

Available from American Society for Nondestructive Testing, Inc., 1711 Arlingate Plaza, Caller #28518, Columbus, OH
43228-0518, https://www.asnt.org/.

SNT-TC-1A Recommended Practice;-Rersonnel Qualification and Certification in Nondestructive Testing
2.6 Airlines for America (A4A) Publications

Available from Airlinep for America (A4A), 1275 Pennsylvania Avenue, NW, Suite 1300, Washington, DC 20004,
Tel: 202-626-4062, www_.airlines.org.

Spec 105 Guidelpesfor Training-and-Qualifying Personnelin Nondestructive Testing Methods

3. TECHNICAL REQUIREMENTS

3.1 Qualification

3.1.1  Personnel

Shall be qualified and certified in accordance with NAS410. Alternate procedures, such as SNT-TC-1A or Spec 105, may

be used if specified by the drawing or purchase order. It is the supplier’s responsibility to ensure that personnel are certified
and function within the limits of the applicable specification or procedure.
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3.1.2 Facilities

Shall be subject to survey and approval by purchaser. The ultrasonic test facility equipment shall include, but not be limited
to, the basic ultrasonic test instrument, transducers, appropriate ultrasonic references, couplant materials, fixtures,
reference specifications, immersion tanks where applicable, and documentation necessary to verify the qualification of
equipment and test personnel.

3.2 Ultrasonic Test System
3.2.1 Basic Ultrasonic Test Instrument

Shall be capable of producing, receiving, amplifying, and displaying high-frequency signals at specific frequencies as
required by the ultrasonic test. The ultrasonic instrument shall be of a pulse-reflection (echo), pulse-transmission type
capable of operation at frequencies from 2.0 to 10.0 MHz. The instrument shall be capable of being adapted with electronic
circuitry, such as flaw gates, distance amplitude corrections, and alarms, that can aid in testing and interpretation of flaw
signals. The instrumen{ shall have a minimum dynamic range of 30 dB and shall have a transmiti/fecejve crosstalk separation
of at least 40 dB.

3.2.1.1 Instrument Requirements
The instrument perfornpance characteristics shall be evaluated in accordance withi(ASTM E317 as fpllows:

Table 1 - Instrument performance requirements

Characteristic Requirement
Signal to npise(" 2:1
Vertical lingarity 5%
Horizontal [linearity +3%
Gain or attenuator accuracy +2 dB per 20 dB of contrdl range

Voltage regulation—Voltage fluctuations shall-not cause
amplitude yariations exceeding:
) ASTM E127 reference block 1-0300.

5%

3.2.1.2 Alarm

3.2.1.2.1  Alarms andl visual monitoring ef‘the A-scan are not required when C-scan data collectign is used.

3.2.1.2.2 For unrecdrded stop on,defect inspections, test criteria and part configuration determirje alarm use feasibility.
When alarms cannotbé.used, this must be agreed upon by purchaser and vendor. Audilble and/or visual alarms
and/or stop on defect systems shall be used in conjunction with visual monitoring td identify signals which

, iciently above ambient to
ensure being heard by the operator.

3.2.2 Ultrasonic Transducers

Ultrasonic transducers shall have the sensitivity and resolution required to detect the required reference reflectors.

3.2.2.1  Transducer Dimension and Styles

3.2.2.1.1  For testing thin materials, a variety of contact and immersion styles may be used. The choice is dependent on
the test and the approved test procedure. Immersion flat and focused, contact, angle beam, liquid delay, phased
array, and pressurized-couplant transducer systems may be used.

3.2.2.1.2 Phased Array Transducers

Linear phased array, annular phased array, and 2D array probes may be used for scanning and evaluation of wrought
metals.
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The written procedures shall include at least the following additional controls for phased array usage:

Virtual probes within the array shall meet the requirements for minimum effective beam diameter in both the scan and index
directions.

Each virtual probe in the array shall meet the applicable requirements of a conventional probe.
There shall be no more than one dead element in a virtual probe and the array shall not have two adjacent dead elements.
All virtual probes in the array shall exhibit an amplitude response within 1 dB of the mean amplitude.

A virtual probe is defined as a group of individual array elements, pulsed simultaneously or at phasing intervals to generate
a larger acoustic aperture.

3.2213 Rectangullar “Paintbrush” Transducers
Rectangular “paintbrush” transducers shall be allowed for straight beam, immersion initial sganning inspection of plate if it
is demonstrated that the transducer provides the required inspection results. The written precedurgs shall include at least
the additional items spgcified in this section.

A method shall be estgblished for providing a uniform entry surface for the full extent of the sound beam when using test
blocks for equipment sjandardization and adjustments.

A method shall be established for determining a sensitivity profile across.the major dimension of fhe beam to locate the
least sensitive area. Thie scan sensitivity must be established using the least active portion of the transducer at each position
of the DAC curve to befused.

A method could be established for masking the ends of the transducer to eliminate over sensitive rgsponses.

A procedure for evaluation of indications detected during scan shall be made using transducers that{meet the requirements
of 3.2.2.1.1.

A procedure for deternjining effective beam width (major dimensions of the transducer). The scan ipdex shall be based on
the beam width so detg¢rmined.

3.2.2.2 Test Frequencies

No specific restrictions] are imposedihowever, use of frequencies below 5 MHz for longitudinal wave inspection shall be
approved by purchasef prior to testing.

3.2.2.3 Ultrasonic Bgam Profiles

For immersion testing Lthe waterpath used shall assure that testing is performed in the far field Ipast the Yo point. The
following are recommended, simplified (no special equipment required except a 2.5 to 3 mm ball) methods of finding Y+o
(focal length or F1 per ASTM E1065) and beam profiles. Complete performance parameters of ultrasonic transducers using
special equipment are presented in ASTM E1065. Other methods or techniques for obtaining the same or similar data may
be used if acceptable to purchaser.

3.2.2.3.1 Axial Beam Profile

The focal length of transducers shall be determined by the manufacturer or user before the transducer is put into service.
When focal length measurements are used to determine water path distances without empirical verification during setup,
focal length shall be verified on an annual basis. Focal length shall agree with the original value within a tolerance defined
by the Level 3 for the transducer to be acceptable. This tolerance shall be based on the intended use of the transducer and
shall not exceed 20%.
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3.2.2.3.2 Cross Section Profile (Beam Symmetry)

Beam symmetry only applies to round transducers. The ratio of beam widths shall be not less than 0.75:1 when measured
to the 6 dB points in two directions, 90 degrees apart, across the beam at the Yo location. The measurements shall be
made from energy reflected from a 2.5 to 3.0 mm diameter ball target. Larger diameter balls may be used when agreed
upon by purchaser and vendor.

3.2.2.3.3 For contact testing and immersion tests performed in the near zone, the exit point and exit angle of ultrasonic
energy and depth profile of the sound beam shall be established for angle-beam transducers. Transducers with
beam angles departing more than +3 degrees from manufacturer’s indicated values shall not be used. Such
units may be requalified to a new angle by verifying proper operation and by re-identifying the unit to the correct
new beam angle. The International Institute of Welding (lIW) ultrasonic reference block (see Figure 1) or an
appropriate substitute may be used to test the exit angle of angle-beam transducers. The history of an
angle-beam transducer shall include the type, style, size, frequency, serial number, and vendor or receiving
acceptance tests.

3.2.3 Couplants
Couplants shall be usefd for all tests.

3.2.3.1 Immersion

Couplant for immersior
wetting agents to impr
No fluid may be used
immersion testing shal
immersion technique is
immersion tanks.
3.2.3.2 Contact

Couplants for testing b

in the test procedure. T
Rubber-like wear mem

provided such use is approved by purchaser..The contact technique is defined to include direct cont

the test surface, use o

may be tap water. Other couplant fluids shall be specified in the procedure. §

which stains, etches, or otherwise affects the surface of the material under
be free of visible air bubbles and shall not exhibit excessive attenuation at
defined to include any liquid delay such asbubblers, columnators, squirters,

y the contact method shall notb€injurious to the product being tested. Coup
[able 2 contains a guide for viscosities of commercial couplants or oils for v
branes may be used between the transducer and the test part to prevent exc

contour surface wearshoes, and thin-film couplant techniques such as the

buch fluids may contain

pve couplant properties or rust inhibitors to reduce.influence of the fluid on the material under test.

test. Any fluid used for
he test frequency. The
ultrasonic wheels, and

ants shall be approved
hrious surface finishes.
Bssive transducer wear
act of a transducer with
bressurized fluid (water

gap) system.

Table 2 - Couplant viscosity guidance

Approximate Surface Roughness Couplant Viscosity

5to 100 Ra (0.1 to 2.5 um) SAE 10
50to 125 Ra (1.2 to 3.2 ym) SAE 20
100 to 200 Ra (2.5t0 5.1 um) SAE 30

3.2.4 Ultrasonic References (Standards)

Ultrasonic reference standards are required for all inspections to establish the performance of the inspection system and to
interrelate the test results with reference reflectors. Because thin material testing involves many special problems in various
type of materials, it is mandatory that the materials used for fabrications of ultrasonic references have the same ultrasonic
properties as the product or part under test. Whenever practical, the ultrasonic references shall be made from the same
material and with the same configuration as the part under test.

3.24.1 Material

Prior to fabrication, the material used for the ultrasonic reference shall be ultrasonically tested and proven to be free of

imperfections that would influence the test. At the frequency selected for the test, the ultrasonic transmission characteristics
shall not vary more than +25% from those of the product or part to be tested.
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3.24.2 Entry Surfaces

The configuration, of surface roughness, flatness, or contour, of the ultrasonic reference should approximate that the product
or part to be tested. When product or part radius of curvature is less than 5 inches (127 mm), it may be necessary to use a
curved surface ultrasonic reference to establish the operating parameters of the test. Requirement for a curved reference
depends on type of test, direction of test, and size of transducer (see 3.2.4). The procedure used shall resolve the near

surface FBH to a level

3.243

3.2.4.31

of 6 dB from the front reflection.

Straight Beam Ultrasonic References

Where the part thickness is greater than 0.125 inch (3.18 mm), the procedures established under ASTM E127,

shall be used for manufacturing ultrasonic references for straight beam testing; these specifications describe
the manufacture of flat-bottom holes (FBH) in aluminum alloys and other materials. Use of more compatible
material is required where the ultrasonic transmission characteristic differs from that of the product to be tested

by more th
3.24.3.2 Ultrasonic
appropriats
the same &
3.24.4 Angle Beam
For flat product with a
are required. The refe

references may be magq
and 3B describe the af

an 25%.

references may be made from thin materials, e.g., 0.125 inch (318 m
p flat-bottom holes of appropriate sizes and depths. The specifications for the
Ultrasonic References

part thickness of 0.5 inch (12.7 mm) and under, ultrasonic references in ac
rence which most nearly approximates the product or part under test sh
e in a variety of thicknesses; however, a minimum,.of three are required to cov

plicable dimensions. Use of notches for angle-beam ultrasonic reference blo

Table 3A - Angle beam inspection parameters, inch/pound units

m) or less, by drilling
flat-bottom hole remain

s described in the ASTM specifications; only the material thickngSs requirenjent is altered.

cordance with Figure 2
bll be used. Ultrasonic
er the range. Tables 3A
cks is preferred.

Reference
Thickness, T FBH[" FBH™ FBH™ FBH Notches®@ Notches®@ Notches® Notches®
Inches A B C D E F H
0.02D¥ 0.03D 0.06D 0.08D
0.50 #2 #3 #5 #8 0.04L 0.05L 0.1l0L 0.16L
0.02D 0.03D 0.0bD 0.08D
0.25 #2 #3 A #8 0.04L 0.05L 0.1oL 0.16L
0.02D 0.03D 0.0bD NA
(3)
0.125 #2 #3 #5 NA 0.04L 0.05L 0.10L NA

) Flat-bottom hole (FBH) n
bottom holes.

@ Notches are to be gener:
are to be £0.002 inch. N

©® NA = Not applicable.

umbers are baséed on 1/64 inch diameter hole progression, i.e., #1 means 1/64 inch and #8 me4

hted by electrodischarge machining (EDM) techniques and shall have a maximum width of 0.01
tches‘shall be perpendicular to part surface within +2 degrees.

@ D = depth of notch and U

ns 8/64 inch diameter flat-

inch. All other dimensions

=ength of notch in inches.

Table 3B - Angle beam inspection parameters, Sl units

Reference
Thickness, T FBH™ FBH™ FBH™ FBH™ Notches®@ Notches®@ Notches®@ Notches®@

Millimeters A B C D E F G H
0.51D® 0.76D 127D 2.03D
12.7 0.8 1.2 2.0 32 1.02L 1.27L 2541 4.06L
051D 0.76D 1.27D 2.03D
6.4 0.8 1.2 2.0 32 1.02L 1.27L 2541 4.06L

051D 0.76D 1.27D NA

(3)
3.18 0.8 1.2 2.0 NA 1.02L 1.27L 2541 NA

() Diameter of flat-bottom h

ole in millimeters.

@ Notches are to be generated by electrodischarge machining (EDM) techniques and shall have a maximum width of 0.25 mm. All other dimensions
are to be +0.05 mm. Notches shall be perpendicular to part surface within +2 degrees.

©® NA = Not applicable.
@) D = depth of notch and L

= length of notch in millimeters.
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3.2.4.5 Ultrasonic References for Inspection of Hollow Cylinders

For cylinders of 5 inches (127 mm) radii and greater, the flat ultrasonic references outlined in 3.2.4.3 and 3.2.4.4 are suitable.
Where radius of curvature is less than 5 inches (127 mm), the following procedures shall apply:

3.2.4.5.1 Circumferential Shear Inspection

For product and parts 0.125 inch (3.18 mm) and under in thickness, an EDM, or end mill notch or an equivalent reflecting
surface shall be used as an ultrasonic reference. Notches shall be generated axially and be perpendicular to the part surface
within £2 degrees. Replicating techniques or their equivalent shall be used to establish perpendicularity. Notch sizes shall
be as shown in Table 4 (see Figure 3). Both ID and OD notches may be necessary to ensure full inspection of critical parts.
The ultrasonic references for materials 0.125 to 0.50 inch (3.18 to 12.7 mm) thickness shall use flat-bottom holes as
reference targets. Target holes shall be placed in the appropriate cylindrical references as shown in Figure 4. Hole sizes
shall be as shown in Tables 4A and 4B.

Table 4A - Hlle and notch sizes for circumferential shear ultrasonic references,'inch/pound units

Material
Thickness (T) FBH FBH FBH FBH Notches Notches Notches
Inch A B C D E F G
0.50 #2 #3 #5 #8 - -- --
0.25 #2 #3 #5 - < -- --
’ 0.02D 0.03L 0.05D
0.125 and under” - - - - 0.04L 0.051 0.10L

(™ Notches for material 0.125 inch and under in thickness are rectangularly dimensioned. When end mill or saw cuts are uded, make the reflectors
equal in area for each sgecific size.

Table 4B - Hole and notch sizes for circumferential shear ultrasonic references, Sl units

Material
Thickness (T) FBH FBH FBH FBH Notches Notches Notches
Millimeters A B C D E F G
12.7 0.8 1.2 2:0 3.2 -- -- --
6.4 0.8 1.2 2.0 -- -- -- --
1 0.51D 0.76L[ 1.27D
3.18 and undert” - g - - 1.02L 1.271 2 541

(™ Notches for material 3.1 mm and under in thickness are rectangularly dimensioned. When end mill or saw cuts are usefl, make the reflectors
equal in area for each secific size.

3.2.4.5.2 Axial Shedr Inspection

For product or parts 0.f125.in¢h (3.18 mm) and under in thickness, EDM notches or equivalent reflacting surfaces shall be
used. Notches shall be|gengrated circumferentially and be perpendicular to the surface within +2 degrees. Notch sizes listed
in Table 4 shall apply (seeFigure-5)—Beoth-1D-anrd-OD-reteches-may-be-reecessaryforfulHnspestion-of critical parts. For parts
with thickness over 0.125 inch (3.18 mm), the flat-bottom hole shall be used as the target (see Figure 6). Flat-bottom holes
shall be placed axially in the cylinder wall and shall be of the sizes specified in Table 4.

3.24.6 Surface Wave Inspection

Ultrasonic references for surface wave inspection shall use EDM notches as reference targets. Notches shall be made
perpendicular to the inspection surface within +2 degrees and shall be placed to intersect the ultrasonic beam perpendicular
to its projection axis. The sound entry surface shall have a surface roughness of 32 pin (0.8 pum) or smoother. No specific
notch sizes are specified; the procedures agreed upon by purchaser and vendor for a particular inspection shall apply.
However, the notches specified in Table 3 could be appropriate for flat materials and the notches specified in Table 4 could
be appropriate for curved sections.

3.2.4.7 Ultrasonic References for Inspection of Round and Flat Bar

3.24.71 Straight beam inspection standards shall utilize FBH reflectors. A minimum of one reflector between
1/2 thickness and the back wall is required. An example standard is shown in Figure 8.
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3.24.7.2

Angle beam inspections shall utilize EDM notches as reference targets. Notches shall be made perpendicular

to the inspection surface within +2 degrees and shall be placed to intersect the ultrasonic beam perpendicular
to its projection axis. No specific notch sizes are specified; the procedures agreed upon by purchaser and

vendor for

3.24.8

a particular inspection shall apply. Figure 8 shows an example standard.

Special Ultrasonic References

Where the part geometry dictates the need for using the actual part or part replica as an ultrasonic reference, all simulated
defects shall be machined in accordance with practices specified for longitudinal, shear, and surface wave inspection.
Ultrasonic references made from actual parts or part replicas are recommended, wherever practical.

3.3 Surface Preparation

Visual examination shall be performed on each part to ensure that sound beam entry and exit surfaces are free from loose

scale, oxides, oil, gredse, machining or grinding particles, excessive machining or grinding ma

conditions that could in
125 pin (3.2 ym), defin

3.4 Testing Procedu
3.4.1  Written Proced

Ultrasonic inspections

terfere with the sound beam and affect the test. Surfaces to be inspected sh
d in accordance with ASME B46.1.

e
ure

shall be detailed in a written procedure. Procedures shall be prepared by th

by purchaser. Procedyrres shall identify the type of ultrasonic equipment,> method(s) of test, ult

transducer type, style,
instructions that pertain
duplicate the test and g
3.4.2 Documentatior

Documentation shall p

and frequency, transducer qualification, fixturing,” method of reporting ing

btain equivalent information.

ovide for the complete inspection\procedure for each product (size, shape,

inspected. Documentafion format is flexible, but sketches, photographs, and graphics are recommen

Because of the variety
plan and the methods
restrict documentation
shall specify:

3.4.21
condition, an

and complexity of tests that\can be performed on thin materials, documen
of recording and interpreting results becomes very important. This specific

Specific progluct or specific\part number and serial numbers (where applicable); stage

d configuration of the material to be tested.

numbers of instrumentation modules,
, and~coupling means used in the test.

r and, model recording equiprn

rks, and other surface
all not be rougher than

b vendor and accepted
rasonic test reference,
ications, and all other

to the actual test. Procedures shall be detailed sufficiently that another qualified investigator could

and alloy) or part to be
ded wherever practical.
tation of the inspection
htion is not intended to

peyond that which prevides valid and reproducible quality control tests. As a npinimum, the procedure

of fabrication, surface

nent, fixturing, tanks,

Transducer qualification tests.

of interpreting recorded results, and relationship to ultrasonic references.

Name and address of testing facility.

3.4.2.2 Manufacture
manipulatorg

3423

3424

3425

3426

3.4.3 Testing Systems

3.4.3.1

The type and response of ultrasonic references used to calibrate equipment and the standardization procedure.

Testing plan, including the recording procedure, scanning plan, recording sensitivity, anticipated results, method

The product or part may be inspected by longitudinal, shear, or surface wave techniques or a combination of

techniques as will most appropriately disclose material imperfections. The pulse-reflection (echo) pulse-
transmission procedures may involve one or more transducers as required for the evaluation.
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3.4.3.2

All equipment used for the tests, such as ultrasonic test instruments, ultrasonic transducers, ultrasonic reference

standards, and recording system shall be assembled in one location and evaluated as a complete system. Once
assembled, they shall remain together as part of the test equipment until the tests are completed. Any substitution
of these components shall require requalification of the complete system.

3.4.4 Qualification Standardization of Test System

Before inspecting any product or part, the test system shall be qualified by adjusting the sensitivity, pulse duration, damping,
or other controls so that the signals reflected from known discontinuities in appropriate ultrasonic references can be clearly
identified as separate and discrete indications. During initial standardization, signal amplitude (sensitivity) from a known
reference discontinuity may be set within the range of 20 to 90% of the vertical height of the display screen. Sensitivity may
be increased during test by a predetermined dB level to ensure an adequate test; however, when interpreting results, the

sensitivity shall be retu

rned to the original setting.

3.4.4.1

When permanent reco
test system shall inclug
with the smallest effect

3.44.2
To ensure valid resultg
shift of operation and
the start of an immedi
For this requirement, te
At the completion of ar
of reference level. If an
re-inspected. If any res
may be re-evaluated.

During standardization
level.

345
3.4.51 Immersion F

Shall be as specified in

i

Standardizafion Record

rds, such as a C-scan or strip chart, are established as part of the test-plan
e a record of the appropriate ultrasonic reference reflector. This shall’be at 4
ve beam width.

Standardizafion Check

, a standardization check shall be made prior to theest of each part config
the completion of each inspection lot or shift, as appropriate. Standardizatic
ely subsequent shift shall satisfy end of shift requirements.

sting shifts shall not exceed 8 hours.
inspection shift or lot, the amplitude @feach reference reflector shall be ve

y response is undersensitive by greater than 10%, all material since the last
bponse is oversensitive by greater:than 10%, all rejected indications since

checks, sensitivity shall-be"adjusted to reference level when found to be lo

Immersion Inspection

uid

3.2.34,;

standardization of the
minimum the reflector

uration or start of each
n checks performed at

tandardization shall be
he last standardization

%ified to be within £10%

wer than the reference

3.4.5.2 Longitudinal

(Straight) Beam Testing

The sound beam entry angle shall be adjusted until the sound beam is perpendicular to the test surface. Where appropriate,
the maximum signal amplitude from the entry surface may be used to determine this condition. Where not appropriate, e.g.,
a highly focused transducer, an alternate procedure such as multiple reflections may be used. During testing, the angle
established shall not vary more than £2 degrees. When contoured parts are being inspected, a surface or contour follower
shall be employed so that the surface entry angle is maintained perpendicular within +2 degrees.

3.4.5.3 Angle Beam

Testing

Products may be inspected with both longitudinal and shear wave motions at various preselected angles. Once established,

the surface entry angle

shall not vary more than +2 degrees.
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3.4.54 Water Path

Valid tests may be performed in both the Fresnel (near) and Fraunhofer (far) field zones. A variety of sound beams ranging
from columnated to highly focused may be used. Special interpretation of test results may be necessary to characterize the
discontinuity. A variety of test zones are possible but changing the test zone by varying the water path during test may
present serious complications. During the test, the established water path, i.e., the distance from the face of the transducer
to the entry surface, shall not vary more than +£0.2 inch (5 mm).

3.4.6 Contact Testing
3.4.6.1 Contact Couplants

Shall be in accordance with 3.2.3.2.

3.4.6.2 Angle Beam|Testing

The sound beam entr
qualification tests will g
sound beam entry ang|

angle and the testing mode shall be established as part of the test-prod
stablish the exit point and angle of exit. If wear of contact shoes orransducq
e of more than £3 degrees from the established angle, that transducer shall i

3.4.6.3 Straight Beamn Testing

Transducer qualificatio
of the transducer shal
during the tests to ens
conditions shall disqua

3.4.7 Special Testing

3.4.7.1  Surface Way
Special attention shall
shall be exercised to rq
3.4.7.2 Dual Transd
For thin materials, dua
for contact testing. If w
the transducer shall be

3.4.7.3 Lamb Wave

n tests shall establish the sound beam character for the.straight beam transd
be made to verify that the wear face surface is.intact. Periodic visual insy
ire that the transducer facing has not degraded:~Any cracking, chipping, brg
ify the transducer and the test.

e

be given to ensuring surface cleanliness before and during a surface wave
move excess couplant, foreigh material, and other matter than could influen

icers
transducer test techniques may be used. Transducer qualification for dual {

bar of the transducer facing results in a change in sound beam entry angle i
removed from service and replaced or repaired.

edure. The transducer
r results in a change in
e replaced or repaired.

ucer. Visual inspection
ections shall be made
ak-up, or uneven wear

test. Every precaution

ce the test.

ransducers shall be as
excess of £3 degrees,

Lamb wave testing shd

Il be as agreed upan by purchaser and vendar

3.4.8 Distance Amplitude Correction

Electronic distance amplitude correction is recommended; however, distance amplitude curves plotted on the screen face
using distance amplitude reference blocks may be used if the minimum signal height is not less than 1.0 inch (25.4 mm)
and the maximum signal height is not greater than 90% of the screen height. Testing using the highest sensitivity from the
distance amplitude reference blocks and evaluating to the proper metal travels is also permitted provided noise levels do
not obscure required information.

3.4.9 Electronic Gating and Recording

Wherever possible and practical, automatic signal alarm and recording circuits shall be used, e.g., alarms which alert the
inspector, identify depth, or record signal information.
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3.4.9.1  Electronic Gating

3.4.9.1.1  Electronic gating shall be used for immersion inspections.

3.4.9.1.2 At the instances required in 3.4.4.2, detection of the ultrasonic reference standard reflector exhibiting the
smallest effective beam diameter shall be dynamically detected at planned operating speeds and instrument
settings.

3.4.9.1.3 When a dynamic check of the reference standard is not possible, the procedure shall document how scan speed
and pulse repetition rate are controlled to assure detection of indications exceeding evaluation level. Refer to
AMS2631 for information on equations related to scan speed and pulse repetition rate.

3.4.9.2 Recording

When permanent recofding of the test is used, documentation of the recorders ability to dynamica
the maximum operating speed of the system shall be documented.

3.4.9.3 Scanning Ingex

In determining the indgx for 100% coverage, the effective beam width (EBW) shallfirst be measur
reference standards, proper reference gains, and water travel; measure the traversing distance
reflectors according to fhe alarm level to be used. When the alarm level is to be\set at 50% of the re
reference reflector, mgasure the EBW through which no less than 50% of thie/reference response
alarm level is set higher than 50%, but less than 80% of the response:from the reference refleg
through which no less than a response equal to the (alarm level/referenceyamplitude) of the referenc
Do not set the alarm Igvel higher than 80% of the reference response, This distance will vary for e
dependent on the metpl travel to the test hole. The least of thexdistances is the EBW. The max

ly detect indications at

ed. Using the assigned

across the reference
sponse height from the
is obtained. When the
tor, measure the EBW
e response is obtained.
bch reference reflector,
mum default scanning

increment shall not exceed 70% of the EBW. Scanning increments up to 80% of EBW may be yised when 100% scan

coverage is documentgd per 8.4 and Figure 7.

3.494 Scan Speed

Maximum scanning spged shall be determined by readability or recordability of the applicable ultra
maximum speed used| the reference discontinuities shall be clearly discernible. If distortion relate
observed, the scan spged shall be reduced until distortion is eliminated.

For automated scanning with alarms or‘recording, the maximum surface speed shall be 20 inches

sonic reference. At the
d to scanning speed is

(508 mm) per second.

Higher speeds may be|lused when the\procedure defines the criteria for pulse repetition rate to be uised in determining the

scan coverage per 3.49.3 or the dynamic check of 3.4.9.1.2 is performed.

For manual scanning and visual reading of the display, maximum surface speed is 6 inches (152.4 n

hm) per second. Higher

scanning speeds may |be. possible and, when suitably demonstrated, may be used when agreed
vendor.

Tpon by purchaser and

3.4.9.5 Gain Settings for Inspection

For automatic scanning inspection, the gain setting as established from the ultrasonic reference shall be used. The alarm
shall be set to activate at a signal level equal to that determined in 3.4.9.3 for the material zone being inspected. If electronic
distance amplitude correction (DAC) is employed, alarm activation level shall be set at that determined in 3.4.9.3. For
manual scanning which monitors the amplitude of reflections from internal discontinuities, the gain level from the ultrasonic
reference shall be established and 6 dB added, provided the added sensitivity does not increase the noise level more than
the alarm level determined in 3.4.9.3. When alarm systems are used with manual scanning, the alarm trigger level is
normally set as for automatic scanning and it is not necessary to add extra sensitivity.
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4. QUALITY ASSURANCE PROVISIONS
4.1 Acceptance Classes
4.1.1 Longitudinal Wave Inspection Using Flat-Bottom Holes (FBH)

Five classes of ultrasonic quality are established for longitudinal wave inspection. Tables 5A and 5B define these classes
for inspections involving flat-bottom hole reflectors in ultrasonic references.

Table 5A - Longitudinal WAVE ultrasonic reference inspection classes, inch/pound units

Single Multiple Loss of Back
Quality Discontinuity Discontinuities Linear Discontinuity Reflection
Class FBH Size" FBH Size" Inches, Max %, Max
AA #B #12 #1 response to 0.12 50
A1 #B #23 #2 response to 0.25 50
A #b #3 #3 response to 0.50 50
B #8 #5 #5 response to 1.00 50
C As established by purchaser and vendor for spetific part.

() FBH numbers indicate d
@ 11% (or + 19.09 dB) of 3
® 44% (or + 7.04 dB) of a

lameter in multiples of 1/64 inch of FBH in ultrasonic reference.
#3 FBH is equivalent to a #1 FBH and may be used in place of the response.from the #1 FBH.
3 FBH is equivalent to a #2 FBH and may be used in place of the response from the #2 FBH.

Tahle 5B - Longitudinal wave ultrasonic reference inspection classes, Sl uhits
Single Multiple Loss of Back

Quality Disdontinuity Discontinuities Linear Discontinuity Reflection
Class HBHM FBH" Millimeters, Max % Max

AA 1.2 0.42 0.4 FBH response for 3.0 50

A1 1.2 0.82 0.8 FBH response for 6.4 50

A 2.0 1.2 1.2 FBH response for 12.7 50

B 3.2 2.0 2.0 FBH response for 25.4 50

C As established by purchaser and vendor for specific part.

ole in millimeters.
bf the 1.2 mm FBH may be used, See Notes 2 and 3 in Table 5A.

(™ Diameter of flat-bottom
@ Percentage equivalents

4111  Any discontipuity with a signal-indication greater than allowed for the specific class shall disqualify the part for
that class.

4.1.1.2 Multiple disqontinuities~with indications greater than the response from a reference flat bottom hole at the
estimated digcontinuity-depth of the size given are not acceptable if the centers of any two|of these discontinuities
are less thar 1 inchr (25.4 mm) apart.

41.1.3 Lossofuns 9 -defective material in the

same, similar, or like product, is not acceptable when this loss of back reflection pattern is accompanied by any
increase in signal, at least double the normal background noise signal, between the front and back surfaces.

4.1.2 Angle Beam Tests Using Flat-Bottom Holes (FBH)

Five classes of ultrasonic quality are established for angle beam inspection, in either shear or longitudinal modes, which
involves flat-bottom holes for ultrasonic reference reflectors. Tables 6A and 6B define these classes.
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Table 6A - Angle beam ultrasonic quality classes, FBH, inch/pound units

Single Multiple
Quality Discontinuity Discontinuities Linear Discontinuity
Class FBH™ FBH™ Inches, Max
AA #2 50% of #2 response 50% of #2 response for 0.12
A1l #3 #2 #2 response for 0.25
A #5 #3 #3 response for 0.50
B #8 #5 #5 response for 1.00
C As established by purchaser and vendor for specific part.
() FBH numbers indicate diameter in multiples of 1/64 inch of FBH in ultrasonic reference.
Table 6B - Angle beam ultrasonic quality classes, FBH, S| units
Sirjgle Multiple
Quality Discomtinuity Discontinuities Linear-Discontinuity
Class FBH™ FBH™ Millimeters, Max
AA 0|8 50% of 0.8 FBH response 50% of 0.8 FBH response for 3.0
A1 142 0.8 0.8 FBHresponse for 6.4
A 210 1.2 1.2,FBH response for 12.7
B 312 20 2.0-FBH response for 25.4
C As established by purchaser and vendof.for specific part.

() Diameter of flat bottom hole in millimeters.

4.1.2.1  Any discontinuity with a signal indication greater than allowed\for the specific class sha
that class.
4.1.2.2 Multiple discpntinuities with indications greater than the résponse from a reference flat-bg

bstimated discontinuity depth of the size’given (inches diameter) are not accs
ese discontinuities are less than 1 ineh’(25.4 mm) apart.

notch at the
any two of th
4.1.3 Angle Beam Uping Reference Notches

Five classes of ultrasonic quality are established for angle-beam inspection, in longitudinal, shear, 9
which involves notcheq as the ultrasonic referfence reflectors. Table 7 defines these classes.

Table 7 - Ultrasonic quality classes, notch

| disqualify the part for

ttom hole or equivalent
bptable if the centers of

r surface-wave modes,

N

ingle Discohtinuity Single Discontinuity

Notch'Size Notch Size Multiple
Class Inches Millimeters Digcontinuities

AA F - 0;02D x 0.04L E-0.5Dx1.0L 50 % of E response

A1 F<"0.03D x 0.05L F-0.8Dx 1.3L B response

A G -0.05D x 0.10L G-1.3Dx25L F response

B H-0.08D x 0.16L H-2.0Dx4.1L G response

C As established between purchaser and vendor for specific part.

4.1.3.1  Any discontinuity with a signal indication greater than allowed for the specific class shall be cause for rejecting

the part for that class.
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4.2 Disposition

Product exhibiting evaluated indications not in excess of limits for its specified quality class may be accepted without

Product exhibiting evaluated indications in excess of limits for its specified quality class, but in a location which will

be removed during manufacturing operations, may be approved by cognizant quality assurance activity for

Product containing discontinuities in excess of limits for its specified quality class and not covered by 4.2.2 shall be

421

remedial operations.
422

acceptance.
423

rejected.
4.3 Records
4.3.1 General

The testing source sha
techniques for each siz
inspection by purchase

4.3.2 Personnel Qus

It shall be verified that
personnel shall be mai

4.3.3 Instrument and

It shall be verified that
4.3.4 Transducer QU

Documentation regardi
to the time of actual teg

4.3.5 Procedure Ver

Copies of the written te
be maintained as part ¢
to ensure inspection is

5. PREPARATION F

Il prepare and maintain on file, for the time specified by purchaser, recerds d
e and configuration of product, and of each part number. These records sha
r at any reasonable time.

lifications

all inspections are performed by personnel qualified\in accordance with 3
htained for purchaser’s review upon request.

System Qualification
he instrument and system used in the ingpection meet specified requiremen
alification

ng the qualification of transducerperformance shall be maintained. Qualificati
t.

fication
sting procedure _shall include the type and response of the ultrasonic referen
f the documentation. The procedure shall be reviewed periodically by vendof

in compliance with this specification.

DR DELIVERY

Not applicable.

f the requirements and
| be made available for

.1.1. A list of qualified

bn tests shall be related

ce to be used and shall
's cognizant supervisor

6. ACKNOWLEDGMENT

A vendor shall mention this specification number, its revision letter, and acceptance class in all quotations and when
acknowledging purchase orders.

7. REJECTIONS

Material not inspected in accordance with this specification, or with modifications authorized by purchaser, will be subject

to rejection.
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8. NOTES

8.1 Revision Indicator

A change bar (l) located in the left margin is for the convenience of the user in locating areas where technical revisions, not
editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document title
indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in documents that contain editorial changes only.

8.2 Test Conditions

It is essential that thorough understanding be developed between purchaser and vendor regarding interpretation of the
results of inspection and how they shall be recorded and reported. Ultrasonic testing is so comprehensive that it is necessary
that all interested parties fully recognize that indications may appear which do not reflect conditions detrimental to use of
the product. Purchaserjand vendor should establish agreement on the following parameters prior tg acceptance testing:

Surface finish

Internal structure
Location and extent of
Size of transducer and
Test frequency

Type and grade of cou
Method of standardizat

areas to be scanned and applicable quality class
type of transducer

blant
ion of equipment

8.3 Distance Amplityde Correction

The following discussign relates to and defines terms and procedures recommended in 3.4.8.

8.3.1  Distance Ampl|tude (DA) Curve

The ultrasonic sound b
at different depths withi
progression of signal a
8.3.2 Distance Ampl
To normalize the inhe
normalizes the distanc

8.3.3 Applications

eam propagated from the transducer will vary in accordance with physical 13
h the material will reflect proportiohately different energies and the display will
mplitudes. The curve plotted.on the display is referred to as the distance am

tude Correction (DAG) \Circuitry

ws. Specific size holes
record a corresponding
blitude (DA) curve.

ent influence resulting from the distance amplitude curves, electronic circliits known as distance
amplitude corrections (DAC) are emiployed. These electronic circuits provide a variable gain versu

b amplitude curve signals displayed on the display to a preselected amplitud

s depth function which

»)

E.

hd-DAC circuitry may be utilized for straight-beam. angle-beam, and surfac

-wave tests. When the

DA curve is used, the maximum amplitude point on the curve should not exceed 80% and the minimum point
should not be less than 20% of the maximum vertical deflection displayed on the display. If these limits cannot
be maintained, multiple curves should be used to cover the range of material being inspected. Once the DA curve
is established for an appropriate set of ultrasonic references, reflections may be recorded as percentages of this
curve or the sensitivity may be adjusted to establish +dB relationship between the unknown discontinuity and the

For automatic recording systems, use of DAC circuitry is recommended. Care should be exercised to ensure that

the DA curve falls within the linear sensitive range of the electronic recording gate (50% vertical amplitude display

8.3.3.1 DA curves a
known reference.
8.3.3.2
is recommended).
8.3.3.3

field of the transducer.

DAC curves are applicable to focused and non-focused transducers but are not applicable to testing in the near
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8.4 Commentary on Scan Coverage

8.4.1 Figure 7 is a coverage diagram for spherically focused transducers showing unacceptable gaps of under-inspection
and acceptable coverage with no gaps.

8.4.2 For cylindrical focus and paintbrush transducers, the different beam profiles shall be considered.

8.4.3 For inspections where beam width measurement in the scan direction cannot be performed, the dynamic check of
3.4.9.1.2 shall be used to verify adequate scan direction coverage. An example would be some helical bar testing
systems where beam width can be measured for the index direction but the beam width in the circumferential
direction is not encoded and cannot be measured.

8.5 Reference Publications

Nondestructive Testing Handbook, edited by Dr. R. C. McMasters, 2012; Ronald Press, 79 Madison Avenue, New York,
NY 10016 (Available from ASNT); ISBN: 978-1571171870

Sonics, by T. F. Huetef and R. H. Bolt, 2000; Acoustical Society of America; ISBN 978-1563969556
Ultrasonic Testing of Materials by J. Krautkramer and H. Krautkramer (4th edition), 1990; ISBN 978-3540512318
8.6 Terms used in AMS are defined in AS7766.
8.7 Dimensions and| properties in inch/pound units and the Fahrenheit temperatures are primary; dimensions and

properties in Sl Qinits and the Celsius temperatures are shown as.the approximate equivalepts of the primary units
and are presentgd only for information.
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Figure 1 - International Institute of Welding (lIW) ultrasonic reference block
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