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AMS2631C introduces shear wave references (3.2.6.4) and results from a Five Year Review and update of this

specification.
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2.2 ASTM Publicatio

ns

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 E 127
ASTM E 317

Fabricating and Checking Aluminum Alloy Ultrasonic Standard Reference Blocks
Evaluating Performance Characteristics of Ultrasonic Pulse-Echo Testing Systems Without the Use of

Electronic Measurement Instruments

ASTM E 428

Fabrication and Control of Steel Reference Blocks Used in Ultrasonic Inspection

2.3 Aerospace Industries Association Publications

Available from the Ae
WWW. aia-aerospace.o

NAS-410 NAS d
2.4  ANSI Publicatior

Available from Americ
www.ansi.org.

ANSI B46.1 Surfac
2.5 ASNT Publicatio

Available from Amerid
43228-0518, 800-222-

ASNT-TC-1A Reconpmended Practice, Personnel Qualification and Certification in Nondestructiv

2.6 ATA Publicationg

Available from Air Trg

20004-1707, Tel: 202-626-4000, www.airlines.org.

ATA-105 Guidel
3. TECHNICAL REQ

3.1 Qualification

tstries— ratioT—+ 086t — —Suite—760—AT
g

ertification & Qualification of Nondestructive Test Personnel
S

bn National Standards Institute, 25 West 43rd Street, New York, NY 100

e Texture
s

an Society for Nondestructive Testing, P.O. Box 28518, 1711 Arlingate
P768 (inside U.S. and Canada), 614-274-6003 (outside USA), www.asnt.org

nsport Association of America, 1301 Pennsylvania Avenue, NW, Suite 1

nes for Traiping and Qualifying Personnel in Nondestructive Testing

JIREMENTS

gton, VA 22209-3928,

86, Tel: 212-642-4900,

Lane, Columbus, OH

e Testing

100, Washington, DC

3.1.1 Personnel

Shall be qualified and certified in accordance with NAS-410. Alternate procedures, i.e. ASNT-TC-1A or ATA-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.

3.1.2 Facilities

Shall be subject to survey and approval by purchaser. Reference specifications, procedures, and documentation
necessary to verify the qualification of equipment and test personnel shall be available to purchaser, when requested.
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3.1.3

Written Procedure

Ultrasonic inspections performed in accordance with this specification shall be detailed in written procedures. Procedures
shall identify the type of ultrasonic equipment, method(s) of test, ultrasonic test reference, search unit type, style,
corrected beam/type focusing and frequency, method of reporting indications, and all other instructions that pertain to the
actual test. Procedures shall be detailed sufficiently that another qualified investigator could duplicate the test and obtain

equivalent information.
3.2 Equipment
3.2.1  Basic Ultrason

Shall be capable of pry
energy levels. The ult

except as permitted in 3.2.2.2. Gates, distance-amplitude correction systems, and other.‘electr

testing and interpretati
of these, may be used,

3.21.1 Instrument L

The instrument perfornpance characteristics shall be evaluated in accordance’ with ASTM E 317 ex

3.21.1.1 The calibr
3.2.1.1.2 The verticd
3.2.1.1.3 The horizd
range of 1
between tf
the measu
upon by pu
3.2.1.2 Instrument S

Instrument sensitivity @r gain controls shall function so that a given amount or degree of sensitiy

returned to with an acd
the attenuation range
within £10% of the co
tables with dB versus \

ic Test Instrument

asonic instrument shall be of the pulse-echo type capable of operating ‘a

bn shall be used as required. An alarm system, a recorder, or an aute‘stop

nearity

| linearity plot and the tolerance limits shall-be“as shown in either Figure 2 o

ntal linearity check shall be made by plotting signal displacement against
to 5 inches (25 to 125 mm) in 1-inch' (25-mm) increments; the allowable
at indicated by the signal displacément and the actual measured thickness
red thickness of the respective block. Substitute performance checks are psg
rchaser and vendor.

ensitivity

uracy of +10%"ef the original pip height. If signal attenuators are used, they
and test frequency used so that the attenuation measurement will repres

ption block used for evaluating vertical linearity shall be as shown in Figure 1.

uired frequencies and
2.25 through 10 MHz
bnic aids to ultrasonic
device, or combination

ept as follows:

Figure 3.

nown thickness in the
difference in thickness
shall be within £3% of
rmissible when agreed

ity can be repeated or
shall be accurate over
ent an amplitude ratio

rect value. ;The decibel (dB) attenuation value may be converted to an anpplitude ratio by use of

on 1.

3.2.2 Ultrasonic Sea

oltage Fatios. Alternately, it may be calculated from the relationship in Equat
Amplitude Ratio = Log ;1 9B
10 20

rch Units

(Eq. 1)

Shall be capable of transmitting and receiving ultrasonic vibrations at the frequency and energy levels specified below.
The frequency used shall be the highest practical ultrasonic frequency which will provide the required penetration,
resolution, and signal to noise.
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3.2.2.1

Search Unit Dimensions and Styles

For both contact and immersion tests with either longitudinal or shear mode, the choice of transducer dimension, style,
type, etc is dependent on the test and the approved test procedure. In general, for immersion testing, flat-faced or
corrected-beam transducers with diameters 3/8 through 1 inch (9.5 through 25.4 mm) or rectangular units with a
maximum area of 1 square inch are acceptable. Contact units with a maximum area of 1 square inch (6.5 sz) with 1/2
inch (12.7 mm) minimum to 11/8 inch (28 mm) maximum dimensions are acceptable for longitudinal testing, while 1
square inch (6.5 cm®) or 1 by 1/2 inch (25 by 12.7 mm) transducers are acceptable for shear testing. Use of a focused,
paint brush, liquid delay, special size, or other special transducer is acceptable when agreed upon by purchaser and

vendor.

3.2.2.2

Shall be the highest practical frequency which will provide the penetration and resolution required. Frequencies

lower than 2

agreed upon

oL ML £ 1 HA H L H 4.0 Nl £ o H H o
&J WVITTZ TUT TUTTYnuuiar iopTLUHUNTS U T.U IVITTZ TOUT - oSITTdl IMMTSPTUUUITS STl

by purchaser and vendor.

3.2.3 Voltage Regulator

If fluctuations in line vg
of the instrument, a v
powered units.

3.24 Couplant

3.24.1 Immersion M
For inspection by the
agents, or both, may b
3.24.2 Contact Met
For inspection by the ¢
the couplant material.
be used if agreed upo
the transducer and thq
its use is made.

3.2.5 Longitudinal R

ltage cause variations exceeding 5% in a signal with an amplitude equal to
bltage regulator shall be used on the power source; this requirement doe

ethod

mmersion method, clean tap water shall be-used as the couplant material,
p added. The water shall be free of visible' air bubbles which could interfere v

nod
ontact method, SAE 30 motor-oil in accordance with SAE J300 or celluloss
Dther types of couplant materials that have been proven acceptable for a pa

n by purchaser and vendor. Chloroprene rubber sheet or similar materials
product being tested-to prevent excessive transducer wear provided adeq

bference Stahdards

Shall be fabricated frojm AMS4928 titanium alloy or from other titanium alloy acoustically similar tg

The procedures establ
blocks for straight bear

shedin ASTM E 127 and ASTM E 428 are recommended for manufacturi
hdesting.

Il not be used unless

the upper linearity limit
5 not apply to battery-

rust inhibitors, wetting
ith the ultrasonic test.

gum shall be used as
ticular type of test may
may be used between
uate compensation for

the alloy to be tested.
ng ultrasonic reference

Acoustic compatibility between the reference standard material and the material to be tested shall be within 25

and 75% (-2.5 and -12 dB). If the acoustic compatibility is within 25% (2.5 dB), no gain compensation is
required for inspection. If the acoustic compatibility differences are greater than 25% (-2.5 dB) but less than
75% (12 dB), the instrument sensitivity shall be increased to compensate for the differences in acoustic

The most acceptable acoustic compatibility comparison is the comparison of the first unsaturated back

reflection from the reference standard and the part being tested. The db per inch (25 mm) comparison using
back reflections is also frequently used. Other acoustic compatibility comparison measurements may be used

3.2.5.1
compatibility.
3.25.11
when permitted by purchaser.
3.252

For testing flat surfaces, flat test blocks shall be used. For testing curved surfaces, the reference standards

shall have similar contour within approximately +25% of the radius of curvature of the dimensions being tested.
Surface finish of the calibration standard shall be similar to that of the material being tested.
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3.25.3

3.2.5.3.1

3.2.5.3.2

3.2.5.3.3

3.2.5.34

3.2.5.3.5

3.2.5.3.6

3.2.5.3.7

For longitudinal wave calibration, the calibration reflectors shall be flat-bottom holes. The distance from the
entry face of the ultrasonic beam to the bottoms of the calibration holes are recommended as follows, based on
the material contour and section thickness "T". Alternate calibration points may be used when agreed upon by
purchaser and vendor.

Rounds 0.5 to 2 Inches (12.7 to 51 mm), Inclusive, in Diameter

1/2T and 1

/4 inch (6.4 mm).

Rounds Over 2 to 5 Inches (51 to 127 mm), Inclusive, in Diameter

1/2T, 1/4T, and 1/4 inch (6.4 mm).

Rounds O

1/2T, 1/4T
1/2 inch (1

Flat-Faced
T-1/8 inch
Flat-Faced
T1/2 inch

Flat-Faced
1/2T, 1/4T
Flat-Faced

12T, 1/4T
3/4 inch (1

3.26 Angle Beam R

Angle beam testing m3
or the true shear (tra
degrees. The same a
required for longituding

3.2.6.1

3.2.6.2

3.2.6.3

3.2.6.4

er 5 Inches (127 mm) in Diameter

1/8T, and 3/8 inch (9.5 mm). If frequencies below 5 MHz are uséd,-the m
.7 mm) may be used.

Material 0.5 to 2 Inches (12.7 to 51 mm), Inclusive, in Cross:Section

-3 mm), 1/2T, and 1/4 inch (6.4 mm).

Material Over 2 to 5 Inches (51 to 127 mm), Inclusive, in Cross-Section
£12.7 mm), 1/2T, 1/4T, and 1/4 inch (6.4 mm):

Material Over 5 to 9 Inches (125 to 229,mm), Inclusive, in Cross-Section
1/8T, and 1/2 inch (12.7 mm).

Material Over 9 Inches (229.:mm) in Cross-Section

1/8T, and 1/2 inch (12.7 ‘'mm). If frequencies below 5 MHz are used, the n
D mm) may be used.

eference Standards
y use the\lohgitudinal mode with the beam refracted at a predetermined ang

nsverse). wave may be used with the refracted angle between 30 and 6
coustical compatibility requirements between reference standard material

inimum metal travel of

inimum metal travel of

le (usually 45 degrees)
0 degrees, usually 45
and test material as is

| wave standards shall apply to angle beam reference standards.

In immersion testing to establish an approximate 45 degree refracted longitudinal angle in titanium, a 10 degree

incident angl

e is used.

In immersion testing to establish an approximate 45 degree refracted shear angle in titanium, a 20 degree

incident angl

e is used.

For contact testing, the refracted angle in the part is determined by the angle of the wedge or shoe that is used

between the

Shear Wave

transducer and the part being tested.

Ultrasonic References (Angle Beam)

May be of several distinct types as follows; because of the variety of types and sizes of acceptable shear wave calibration
standards, the shear wave standard(s) to be used shall be acceptable to purchaser:
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3.2.6.4.1  Flat-bottom holes drilled at approximately 45 degrees to the entry surface may be used to test flat surfaces
(See Figure 3).
3.2.6.4.2 For testing cylinders, flat-bottom holes drilled in the center of the wall and perpendicular to the radius of the
cylinder may be used. Figures 4 and 5 illustrate two types of construction.
3.2.6.4.3 Side-drilled holes may be used for shear wave calibration for both flat and curved entry surfaces. A 0.020
inch (0.51 mm) side-drilled hole 0.25 inch (6.4 mm) long is approximately equivalent to a #3 (1.2 mm
diameter) FBH, while the same diameter side-drilled hole 0.50 inch (12.7 mm) long is roughly equivalent to a
#5 (2.0 mm diameter) FBH (See Figure 6). Comparisons of SDH to FBH sensitivity should include
consideration of the actual beam diameter intercepting the SDH. For example, if the beam diameter is only
0.25” (6.4 mm), then the sensitivity would be approximately equivalent to a #3 FBH even if the SDH is 0.5”
(12.7 mm) long.
3.2.6.4.4 Various styles of notches may be used; these include V-notches, usually with a 60(Iiegree included angle,
square, or|"U" bottomed notches, and slots. The sizes of the notches are generally efluated to the test area
thickness [typically, 1 inch (25.4 mm) maximum length x 3% of the part thickness) or the notch area is
equated tg a flat-bottom hole area; as an example, a 5/64 inch (2.0 mm) FBH'has an|area of 0.0047 square
inch (3.03|mm?) and a slot with a depth of 0.050 inch (1.27 mm) and a léngth of 0.1Q inch (2.5 mm) has an
area of 0.005 square inch (3.2 mmz); therefore the notch and FBH are approximately equal.
3.3 Surface Preparafion
3.3.1  The surfaces tp be inspected shall be common geometrical sections such as round, square, and octagonal. Flat-
face product slhall be prepared to ensure flatness of the various.faces.
3.3.2 Texture of surfaces to be inspected shall be not rougher.than 250 microinches (6 pm). For [ongitudinal mode tests
to Class AA dr A1 requirements and for shear mode-tests, surface texture of approximately 125 microinches
(3 um) is desirgble. Surface texture is defined in ANSI B46.1.
3.3.3 Surface discontinuities remaining after surface preparation shall not be removed beforg ultrasonic inspection

because local
locally meet s

cutting compodinds, and other foreignumaterial.

3.4 Calibration of Ap

Before inspecting the
simulated imperfectior]

grinding depressions will caise sonic wave attenuation, loss of back refl
fandards. Surfaces shall be free from loose scale, machining or grinding
paratus

product, thesapparatus shall be adjusted, using appropriate reference block
s, clearly defined indications of sufficient height to ensure that the prod

inspected as required
be not less than 20%,
whichever is less. Set

1‘he maximum pip height shall be not greater than 80% of the vertical limit or

o locate-any imperfections of detrimental size, nature, and location. The m

p_height shall be twice the noise level or as otherwise approved by purchas

ection, and inability to
particles, oil, grease,

5, to produce, from the
uct under test can be
nimum pip height shall
he upper linearity limit,

er.

3.4.1

Instruments of the vacuum tube type shall be warmed up for not less than 30 minutes before being used;

instruments using solid state electronic components shall be warmed up for not less than 10 minutes before being
used. Sufficient time shall also be allowed for temperature of water, reference blocks, and product to stabilize

before calibrati

3.4.2

on and testing.

Calibration Check

To ensure valid results, a calibration check shall be made prior to the test of each part configuration or start of each shift
of operation and at the completion of each test or shift, as appropriate. Calibration checks performed at the start of an
immediately subsequent shift shall satisfy end of shift requirements. Any change in equipment operation that requires a
recalibration of the test system shall require retesting of all product or parts tested since the previous calibration.
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Calibration for determination of loss in the back reflection pattern shall be performed on parallel surfaces of the

product being tested. The back reflection pattern from the full material thickness section of the test block at the
scanning sensitivity shall be observed. If the back reflection pattern from the product being tested averages a
variation of more than +50% from that recorded from the test block, testing shall be stopped until corrective action

, and index increments, and to ensure that the alarm system is capable 6f
operating conditions.

ion rate should be a minimum of 600 pulses per second, (600 PPS). The e
beam diameter and surface speed.

scanning without alarm systems, a scanning speed not greater than 5.0

5 recommended. The exact speed shall-be based on the beam diameter and

system is used during testing, it Shall be set at the equivalent of "Hold" or '

The instrument control settings and test_parameters established during calibration shall
roduct. The pulse length '‘and reject control shall be set at the minimum that will afford the proper

put affecting acceptable linearity.

tude Correction

3.5 General Scanning Procedure
3.5.1
is taken.
3.5.2
lesser backgro
3.5.3 Whenever po ;
repetition rate
defects at the
3.54
follows:
3.5.4.1 Pulse repeti
based on the
3.54.2 For manual
second is recommended.
3.54.3 For alarm sy
per second i
3.5.5 When the alar
3.5.6
testing of the
resolution with
3.5.7 Distance Ampl

Electronic distance am
(Cathode Ray Tube) U
3.4. Testing using the

travels is also permitte

plitude correction is recommended; however, distance amplitude curves plo
sing distance amplitude calibration blocks may be used if the minimum pi

j previded noise levels do not obscure required information.

The permissible background noise shall not exceed 50% of the response height from the reference standard of
the same alloy as the product being tested. Greater background noise levels may be permitted by purchaser or
und noise levels may be specified.

canning speeds, pulse
detecting all rejectable

If a dynamic alarm check cannot be made or if alarms cannot be used, the operational parameters shall be as

kact rate used shall be

inches (127 mm) per

stems with or without automatic scanning, a scanning speed not greater than 20 inches (508 mm)

repetition rate.
Manual Reset".

not be changed during

ted on the screen face
p height complies with

nighest'sensitivity from the distance amplitude calibration blocks and evaluating to the proper metal

3.5.8 Zone testing
3.6

3.6.1

dy be used WIth separate callbrations and/or transaucers 10r eacn Zone.

Immersion Testing

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 search unit), an alternate procedure such as multiple reflections may be used. During
testing, the angle established shall not vary more than £2 degrees.

3.6.2 Angle Beam Testing

Products may be inspected with both longitudinal and shear wave motions at preselected angles. Once established, the
surface entry angle shall not vary more than +2 degrees.
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3.6.3 Water Travel

The water travel distance shall be the optimum for the transducer and the metal travels encountered during testing. The
water travel distance for testing shall be within £0.25 inch (+6.4 mm) of that used for calibration.

3.6.4 The maximum indexing increment used in scanning a product shall be 70% of the effective beam diameter. The
effective beam diameter is determined by recording of the total traverse distance at the appropriate gain settings
across the nearest hole in the test block through which not less than 50% signal amplitude is displayed.

3.7 Contact Testing

3.7.1 Straight Beam

Testing

Visual inspection of th
shall be made during
uneven wear condition
3.7.2 Angle Beam T
Angle beam entry and
3.7.3 Indexing

Indexing increments us

beam diameter, detergnined in accordance with 3.6.4, whichevercs-less. When practical, transd

controlled by a mechar

3.8 Surface Area of

3.8.1 Bars and Forg

3.8.1.1  Rounds, All
The entire circumferen
3.8.1.2 Flat-Faced R
Test all adjacent faces

3.8.1.3 Flat-Faced H

%esearch unit shall be made to verify that the wear face surface is intact. )Per

sts to ensure that the search unit facing has not degraded. Any cracking,
5 shall disqualify the search unit and the test.

psting

festing mode shall be established as part of the test progedure.

ed in scanning a product shall be not greater than one-half the transducer d
ical system.

Product to be Scanned

ng Stock

Diameters

Ce.

roduct 2 to 5Jnches (51 to 127 mm), Inclusive, in Cross Section
representing 50% of the periphery.

roduet'Over 5 Inches (127 mm) in Cross Section

odic visual inspections
chipping, break-up, or

ameter or the effective
ucer indexing shall be

All faces.

3.8.1.4

Single-face or opposite-face tests of all flat-faced rectangular product may be made if shear or refracted

longitudinal wave testing is substituted for the adjacent face test. These tests and the calibration and testing
parameters shall be subject to approval by the purchaser.
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4. QUALITY ASSURANCE PROVISIONS
4.1 Acceptance Classes

411
specifications, or purchase orders will specify the applicable class. Melting parameters are

TABLE 1 - ULTRASONIC QUALITY CLASSES

Four classes of ultrasonic quality for longitudinal wave inspection are defined in Table 1. Drawings, quality control

defined in AMS2380.

Single Discontinuity

Single Discontinuity

Ultrasonic Hole Size No.* Hole Size No.*
Classification Grade 1 Grade 2
AA 2 2
A1 3 3
A 5 4
B 8 6

* Diameter, in 64ths of an inch, of a flat-bottom hole in the reference standard (1/64 inch-= 0.4

mm).

4.1.1.1  Allindications 75% or greater than the rejection level for each class shall beyexplored and evaluated.

4.1.1.2  Any discontipuity with an indication greater than the response from asteference flat-bottoqn hole at the estimated
discontinuity|depth of the size given is not acceptable.

4.1.1.3 Loss of unsgturated back reflection pattern greater than 50%, when compared with nondefective material in the
same, similar, or like product, is not acceptable when this loss of back reflection pattern |s accompanied by any
increase in gignal, at least double the normal background-noise signal, between the front{and back surfaces.

4.1.1.4 Noise levels|exceeding the limits of 3.5.2 are not acceptable.

4.1.2 Acceptance st

Table 1 shall be as agreed upon by purchaserland vendor.

4.2 Disposition

hndards for inspection by procedures other than normal longitudinal and standards not covered in

epted without remedial

Jocation which will be
cceptance and shall be

2.2 shall be rejected.

4.2.1  Product exhibifing evaluated indications not in excess of established standards may be acd
operations.

4.2.2 Product exhibjting evaluated' indications in excess of established standards but in a
removed during manufacturing operations may be approved by authorized personnel for a
reported to purnchaser,

4.2.3 Product contaiping discontinuities in excess of established standards and not covered by 4

4.3 Records

The testing source shall prepare and maintain on file, for the time specified by purchaser, records of the requirements and
techniques for each size and configuration of product. When requested by purchaser, these records shall be made

available for inspection.

5. PREPARATION FOR DELIVERY
Not applicable.

6. ACKNOWLEDGMENT

A vendor shall mention this specification number and its revision letter in all quotations and
purchase orders.

when acknowledging
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