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2.2

2.3

2.4

2.5

2.6

ASTM Publications:

Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

ASTM E 127 Fabricating and Checking Aluminum Alloy Ultrasonic Standard Reference Blocks

ASTM E 317 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

ASTM E 1065 _Evaluating Characteristics of Ultrasonic Search Units

U.S. Governn

Available fron
Philadelphia,

MIL-STD-41d
ANSI Publica

Available fron
New York, N

ANSI B46.1
ASNT Public4

Available fron
#28518, Colu

SNT-TC-1A

ATA Publicat

nent Publications:

N DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Ay
PA 19111-5094.

Nondestructive Testing Personnel, Qualification‘and Certification
lions:

h American National Standards Institute,An¢., 11 West 42nd Street,
10036-8002.

Surface Texture
tions:

n American Society for Nondestructive Testing, Inc., 1711 Arlingate PI
mbus, OH 43228-0518.

Recommended Practice, Personnel Qualification and Certification i
Testing

ons:

Available fron

enue,

aza, Caller

N Nondestructive

N Adr Tr:nepnrf Acenninfinn, 1301 Dnnneyl\/anin A\IDI’\IID, Suite 1 1nn,

ashington, DC

2004-1707.

ATA-105

Guidelines for Training and Qualifying Personnel in Nondestructive Testing

3. TECHNICAL REQUIREMENTS:

3.1

Qualification:

3.1.1 Personnel: Shall be qualified and certified in accordance with MIL-STD-410. Alternate procedures,
such as ASNT-TC-1A or ATA-105, may be used if specified by the drawing or purchase order. Itis
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, search units
(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:

3.21

3.21.1

3.2.1.2

3.2.1.3

3.2.1.4

Basic Ultrasanic Test Instrument: Shall be Pnpnhlp of Inmdnr‘ing, rprpi\/ing nmpli ying, and
displaying gn a cathode ray tube (CRT) high frequency signals at specific frequercies as required
by the ultragonic test. The ultrasonic instrument shall be of a pulse-reflection+(€cho), pulse-
transmission type capable of operation at frequencies from 2.0 to 10.0 megaherta (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 flay signals. The
instrument ghall have a minimum dynamic range of 30 decibels (dB) and shall haye a transmit/
receive crogstalk separation of at least 40 dB.

Instrumert Linearity: The instrument vertical and horizontal linearity shall meet pr exceed + 5%
as definedl in ASTM E 317. Where usable CRT dimensions differ from the 2.5 inches (63.5 mm)
vertical dimension or 3.5 inches (88.9 mm) horizontal dimension, ASTM E 317 procedures still
apply butfin these cases, the graticule display on the CRT screen shall be used|to establish the
vertical amnd horizontal dimensions and the instrument shall be proportionately linear in
accordan¢e with ASTM E 317 procedures.

Instrumer]t Sensitivity: Instrument sensitivity or gain shall be calibrated in decibg¢ls and shall be
accurate ithin £10% of the sensifivity setting, e.g., +1 dB at 10 dB, or +6 dB at/60 dB.

Voltage Regulation: If fluctuations in line voltage cause variations in the displayed signal
amplitudg or sweep length of 5% or greater, a power source voltage regulator [shall be used. If
fluctuations persist, proper adjustments to instrument or power source shall be made so that the
system will operate Wwithin £5% limits. Battery powered systems are exempt from this
requiremegnt but such systems shall not be operated when the power source is helow the level to
achieve fyll vertical and horizontal display as viewed on the CRT graticule.

Alarm: Whenever pr:m‘irnl’ an-audible alarm shall be usedin Pnnjllnnfinn with- Misual monitoring
to identify signals which exceed the level established for the test. Alarm systems used for this
purpose shall be level-adjustable over the display range of the CRT and shall be automatically
triggered within £10% of the level of ultrasonic signal displayed on the CRT. The sound level
produced by the alarm during operation shall be sufficiently above ambient to ensure being heard
by the operator.
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3.2.2 Ultrasonic Search Units: Ultrasonic search units shall be of a piezoelectric design, controlled as in
ASTM E 1065, capable of both transmitting and receiving ultrasonic signals at the specific
frequencies required by the test. When used with the ultrasonic test instrument, the search unit
shall be capable of transmitting and receiving ultrasonic energy with a spectral distribution that
includes the central frequency specified for the test. The peak of the spectral distribution of
ultrasonic energy emitted from the search unit shall fall within £10% of the specified frequency
established for the test.

3.2.2.1

3.2.2.2

3.2.2.3

3.2.23.1

3.2.2.3.2

3.2.2.3.3

Search U
styles ma
Immersio
unit syste

Test Freq

Ultrasoni¢ Beam Profiles:

The trar

the sea
immers
appropr,
log. Th
number

transmifted from the search unit.

The his

nit Dimension and Styles: For testing thin materials, a variety of conta
y be used. The choice is dependent on the test and the approvedtes
N flat and focused, contact, angle beam, liquid delay, and pressurized-
Ims may be used.

ch unit shall be within +2 degrees_axial alignment with the outside hg
on and contact search units are subject to change with use and age.
ate test capability, the history ‘ef-each search unit shall be maintained
b history on straight-beam. search units shall include the type, style, fr
size, and vendor or receiving acceptance ultrasonic profile of the ultr

ory of a focused search unit shall include both an axial profile and a c

t and immersion
procedure.
couplant search

uencies: No specific restrictions are imposed; however; use of frequencies below 5
MHz for Ipngitudinal wave inspection shall be approved by pérchaser prior to te

5ting.

smission profile of the search unit shall pgt deviate more than +15% of the calculated
curve fdr a search unit of that frequency and dimension. See Figure 1A. The

sound beam of
using. Both

To ensure

n an appropriate
bguency, serial
asonic beam

ross-sectional

profile which establishithe focal spot size (dimension of ultrasonic energy) at the peak of the

focal zo
half am

The exi
establis

e. The cross-sectional dimension recorded for the focal spot shall be
plitude level. See Figure 1B.

measured at the

point and exit angle of uItrasonlc energy and depth profile of the sou

d beam shall be
rting more than

+3 degrees from manufacturer S |nd|cated vaIues shall not be used Such units may be
requalified to a new angle by verifying proper operation and by reidentifying the unit to the
correct new beam angle. The International Institute of Welding (1IW) ultrasonic reference block
(See Figure 2) or an appropriate substitute may be used to test the exit angle of angle-beam
search units. The history of an angle-beam search unit shall include the type, style, size,

frequen

cy, serial number, and vendor or receiving acceptance tests.

3.2.3 Couplants: Couplants shall be used for all tests.
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3.2.31

3.2.3.2

3.24

Immersion: Couplants for immersion may include any appropriate fluid such as tap water, light

oils, ethyl

ene glycol, or alcohol.

Such fluids may contain wetting agents to improve couplant

properties or rust inhibitors to reduce influence of the fluid on the material under test. No fluid
may be used which stains, etches, or otherwise affects the surface of the material under test.
Any fluid used for immersion testing shall be free of visible air bubbles and shall not exhibit
excessive attenuation at the test frequency. The immersion technique is defined to include any
liguid delay such as bubblers, columnators, squirters, ultrasonic wheels, and immersion tanks.

Contact:
material 4
oils, low-\
wear men
search un

roughnes
surface rd
other cou

Couplant materials for testing by the contact method shall not be injur
eing tested. Couplant materials may include any appropriate fluid,su
iscosity greases, or penetrant emulsifiers. Glycerin shall not be‘dsed.
hbranes may be used between the search unit and the test part to pre

ughness. Table 1 provides a guide for selectiomof/direct contact cou

direct conlltact of a search unit to the test surface, use of-Contour surface wear sh

couplant

Ultrasonic H
establish the
reflectors.

echniques such as the pressurized fluid (Water gap) system.

TABLE 1 «Eouplant Materials

Approximate Surface
Roughness (ANSI B46.1) Couplant (SAE J300)
5t0 100 RHR (0.1 to 2.5 um) SAE 10W Motor Oil
50 to 125 RHR (1.2 to 3.2 um) SAE 20W Motor Oil
100 to 2000RHR (2.5 t0 5.1 pm) SAE 30W Motor Oil

References (Standards): Ultrasonic references are required for all insp
b performance of the inspection system and to interrelate the test resu
3ecause thin material testlng |nvoIves many spemal problems in vano

materials, it4

bus to the
th as water, light
Thin rubber-like

vent excessive

it wear provided such use is approved by purchaser. Theycouplant uged shall be
selected to ensure the best possible sound beam entry into the material under t

bsts. As surface

5 influences the sound energy, couplant viscosity niay be varied as a function of

blant materials;

plants of similar viscosity may be used. The contact technique is defiped to include

bes, and thin film

ection to
s with reference
s type of

erences have the

same uItrasonlc propertles as the product or part under test Whenever practlcal the ultrasonic
references shall be made from the same material and with the same configuration as the part

under test.

3.2.4.1 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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3.2.4.2 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 search unit (See 3.2.4.5). The
procedure used shall establish a minimum of a 2:1 sighal-to-noise ratio with the minimum size
reference discontinuity used.

3.2.4.3 Straight Beam Ultrasonic References:

3.2.4.3.1 Where the part thickness is greater than 0.125 inch (3.18 mm), the procedures established
under ASTM E 127 and ASTM E 428 shall be used for manufacturingcultrasonic references for
straight|beam testing; these specifications describe the manufacture.of flat-boftom holes (FBH)
in alumipum alloys and steels, but the same procedure may be used to manufdcture references
from other materials. Use of other materials is required where-the ultrasonic fransmission
charactgristics differs from that of the product to be tested by more than 25%.

3.2.4.3.2 Ultrasonic references may be made from thin materials, e.g., 0.125 inch (3.1 mm), by drilling
approprjate flat-bottom holes of appropriate sizes and’depths. The specificatipns for the flat-
bottom hole remain the same as described in the ASTM specifications; only the material
thicknegs requirement is altered.

3.2.4.4 Angle Beam Ultrasonic References: For product or part thickness of 0.5 inch (1.7 mm) and
under, ultfasonic references in accordanee’with Figure 3 are required. The reference which most
nearly approximates the product or part' under test shall be used. Ultrasonic references may be
made in g variety of thicknesses; however, a minimum of three are required to ¢over the range.
Table 2 describes the applicable dimensions. Use of notches for angle beam ultrasonic
reference|blocks is preferred.

TABLE\2A - Angle Beam Inspection Parameters, Inch/Pound Units

Referencg
ThicknessT  pgH®  FBHW FBH® FBH® Notches® Notches® Notches® [Notches®@

Inch A B C D E F G H

0.50 72 #3 #5 #8 0050 @ 0.03D 0.05D 0.08D
0.04L 0.05L 0.10L 0.16L

0.25 #2 #3 #5 48 0.02D 0.03D 0.05D 0.08D
0.04L 0.05L 0.10L 0.16L

0.125 #2 #3 #5  NA® 0.02D 0.03D 0.05D NA
0.04L 0.05L 0.10L NA

Notes: 1. Flat-bottom hole (FBH) numbers are based on 1/64 inch diameter hole progression, i.e.,
#1 means 1/64 inch and #8 means 8/64 inch diameter flat-bottom holes.

2. Notches are to be generated by electrodischarge machining (EDM) techniques and shall
have a maximum width of 0.01 inch. All other dimensions are to be +0.002 inch. Notches
shall be perpendicular to part surface within £2 degrees.

3. NA = Not applicable

4. D =depth of notch and L = length of notch in inches.
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TABLE 2B - Angle Beam Inspection Parameters, S| Units
Reference
Thickness, T FgH®  FBH® FBH®  FBH®  Notches®  Notches®  Notches®  Notches®
Millimeters A B C D E E G H
12.7 0.8 12 2.0 3.2 0.51D(4) 0.76D 1.27D 2.03D
1.02L 1.27L 2.54L 4.06L
6.4 0.8 12 2.0 3.2 0.51D 0.76D 1.27D 2.03D
1.02L 1.27L 254D 4.06L
3.18 0.8 1.2 2.0 NA®3) 0.51D 0.76D 1.27D NA
1.02L 1.27L 2.54L NA
Notes: 1. Diameter of flat-bottom hole in millimeters.

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

B. NA = Not applicable

1. D = depth of notch and L = length of notch in millimeters.

3.2.4.5 Ultrasonid

greater, the flat ultrasonic references outlined-in 3.2.4.3 and 3.2.4.4 are suitable
l:

of curvatd

3.2.4.5.1 Circumf
thicknes

ultrasorfic reference. Notches shall be generated axially and be perpendicula

surface
perpend
notches
for matg

refereng

shown i

References for Inspection of Cylinders: For cylinders of 5 inches (12
re is less than 5 inches (127 mm), the following procedures shall appl

erential Shear InspectiopsFor product and parts 0.125 inch (3.18 mm
s, an EDM, or end mill, notch or an equivalent reflecting surface shall

within £2 degrees. _Replicating techniques or their equivalent shall be
icularity. Notch-sizes shall be as shown in Table 3 (See Figure 4). B
may be neeessary to ensure full inspection of critical parts. The ultra
rials 0.125to 0.50 inch (3.18 to 12.7 mm) thickness shall use flat-bott
e targets. Target holes shall be placed in the appropriate cylindrical 1
N Figire 5. Hole sizes shall be as shown in Table 3.

/ mm) radii and
. Where radius

and under in
be used as an

r to the part
1sed to establish
pth ID and OD
sonic references
om holes as
eferences as
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TABLE 3A - Hole 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 -- -- --
#2 #3 #5 -- - -- -
0.25
0.125 and - - -- -- 0.02D 0.03D 0.05D
undert 0.04L 0.05L 0.10L
! Notches for material 0.125 inch and under in thickness are rectangulatly‘dimensioned.| When end
mill or sayv cuts are used, make the reflectors equal in area for each specific size.
TABLE BB - Hole and Notch Sizes for Circumferential Shéar Ultrasonic References,|S| Units
Matetfial
Thickness (T) FBH FBH FBH FBH Notches Notches Notches
Millimelers 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 -- - - --
3.18 ajnd -- -- -- -- 0.51D 0.76D 1.27D
under? 1.02L 1.27L 2.54L
1 Notches for material 3.18 mm and under in thickness are rectangularly dimensioned. When end
mill or sav cuts are used, make the reflectors equal in area for each specific size.
3.2.4.5.2 Axial Shear Inspection: For product or parts 0.125 inch (3.18 mm) and under in thickness, EDM
notches| or equivalent reflecting surfaces shall be used. Notches shall be generated
circumferentially and be perpendlcular to the surface within £2 degrees. Notch sizes listed in
Table 3lshall apply (See Figure 6). Both 1D and OD notches may be necesss ry for full

inspection of crltlcal parts For parts Wlth thlckness over 0 125 |nch (3.18 mm), the flat-bottom

hole shall be used as the target (See Figure 7). Flat-bottom holes shall be placed axially in the

cylinder wall and shall be of the sizes specified in Table 3.
3.2.4.6 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 RHR (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 2 could be

appropriate for flat materials and the notches specified in Table 3 could be appropriate for curved
sections.
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3.2.4.7 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 examiv|1ation shall be performed on each part to ensure that sound beam.en

surfaces are
machining or

and affect the

defined in ac

3.4 Testing Proc

3.4.1

3.4.2

3.4.21

3.4.2.2

3.4.2.3

3.4.2.4

3.4.25

ree from loose scale, oxides, oil, grease, machining or grinding_partic
grinding marks, and other surface conditions that could interfere’with
test. Surfaces to be inspected shall not be rougher than 125’microin
ordance with ANSI B46.1.

dure:

Written Progedure: Ultrasonic inspections shall be detailed.in a written procedure
shall be prgpared by the vendor and accepted by purchaser. Procedures shall id

ultrasonic
style, and f
other instru

another quad

Documenta
and alloy) 0
and graphig

that can be
recording a
restrict doc
a minimum

Specific p

fabricatio

uipment, method(s) of test, ultrasonic test'reference, search unit seri

r part to be inspected. Documentation format is flexible, but sketches

performed on thin-materials, documentation of the inspection plan an
nd interpreting results becomes very important. This specification is n
imentation beyond that which provides valid and reproducible quality
the procedure shall specify.

roduct or specific part number and serial numbers, where applicable,
n,.surface condition, and configuration of the material to be tested.

equency, search unit qualification, fixturing, method of reporting indicg
Ctions that pertain to the actual test¢Procedures shall be detailed suff
lified investigator could duplicate~the test and obtain equivalent information.
fion: Shall provide for the complete inspection procedure for each proc

s are recommended wherever practical. Because of the variety and cq

t}y and exit

es, excessive
the sound beam
ches (3.2 um),

Procedures
bntify the type of
al number, type,
itions, and all
ciently that

uct (size, shape,
photographs,
mplexity of tests
| the methods of
ot intended to
control tests. As

stage of

Manufacturer and model numbers of instrumentation modules, recording equipment, fixturing,
tanks, manipulators, and coupling means used in the test.

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

Search unit qualification tests.

Testing plan, including the recording procedure, scanning plan, recording sensitivity, anticipated
results, method of interpreting recorded results, and relationship to ultrasonic references.
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3.4.3 Testing Systems:

3.43.1

3.4.3.2

3.4.4 Qualificatioh Calibration of Test System: Before inspecting any proeduct or part, th

3.44.1

3.4.4.2

3.4.5

3.45.1

3.45.2

3.45.3

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 search units as
required for the evaluation.

All equip
ultrasoni
and evalu
test equi
search u

references, recording system, and electronic gates, shall be assemlble
ted as a complete system. Once assembled, they shall remain tegeét
ment until the tests are completed. Any substitution of electronie gatg
its, and the like, for any reason shall require requalification@fthe com

search units,

d in one location
ner as part of the
s, displays,
plete system.

e test system

shall be qualified by adjusting the sensitivity, pulse duration, daniping, or other exfernal controls so

that the sig
clearly iden
(sensitivity)
vertical heig
level to ens
returned to

Calibratio
computer
record of

Calibratio
configura
appropria
shall requ

Immersion

als reflected from known discontinuities in appropriate ultrasonic refe
ified as separate and discrete indications. During initial calibration, si
from a known reference discontinuity may be-“set within the range of 2
ht of the CRT screen. Sensitivity may belincreased during test by a p
ure an adequate test; however, when_ interpreting results, the sensitivi
the original setting.

h Record: When permanent recoerds, such as wet or dry paper, x-y red
are established as part of the test plan, calibration of the test system
the appropriate ultrasonic reference reflector.

h Check: To ensurevalid results, a calibration check shall be made pri
ion test or startof-€ach shift of operation and at the completion of eac
fe. Any change-in equipment operation that requires a recalibration of
ire retesting-of all material or parts tested since the previous calibratia

nspection:

Fences can be
gnal amplitude

0 to 90% of the
redetermined dB
y shall be

orders, or digital
shall include a

Dr to each design
h test or shift, as
the test system
n.

Immersio

h Eluid: Shall be as epnrifind in3231

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. 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.

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.

-10 -
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3.4.5.4 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 search unit to the entry surface, shall not vary more than £0.2 inch (5 mm).

3.4.6 Contact Testing:

3.4.6.1 Angle Be:lim Testing: The sound beam entry angle and the testing mode shallble established as

3.4.6.2

3.4.7

3.4.7.1

3.4.7.2

3.4.7.3

3.4.8

3.4.9

part of the
angle of ¢
angle of n
repaired.

Straight B
for the str
the wear 1
ensure th
uneven w

Special Teg

Surface V|
a surface
material,

Dual Sea
qualificati
results in
removed

Lamb Wape: Lamb wave testing shall be as agreed upon by purchaser and ven

hore than £3 degrees from the established angle, that search@nit sha
eam Testing: Search unit qualification tests shall eStablish the sound
hight beam search unit. Visual inspection of thessearch unit shall be m

ht the search unit facing has not degraded. *Any cracking, chipping, b
par conditions shall disqualify the search-tnit and the test.

ting:
ave: Special attention shall b&given to ensuring surface cleanliness b
wave test. Every precautign'shall be exercised to remove excess col

and other matter than cauld influence the test.

ch Units: For thinmaterials, dual search unit test techniques may be u
bn for dual searchunits shall be as for contact testing. If wear of the g

rom service-and replaced or repaired.

Distance An

test procedure. The search unit qualification tests will establish'the gxit point and
xit. If wear of contact shoes or search unit results in a change)in’ sound beam entry

| be replaced or

beam character
ade to verify that

ace surface is intact. Periodic visual inspections shall be made durinT the tests to
e

ak-up, or

efore and during

plant, foreign

5ed. Search unit
earch unit facing

a change in sound beam entry angle in excess of +3 degrees, the segrch unit shall be

dor.

ended;

however, d|stance amphtude curves pIotted on the screen face (Cathode Ray Tube) using distance
amplitude calibration blocks may be used if the minimum pip height is not less than 1.0inch (25.4
mm) and the maximum pip height is not greater than 90% of the screen height. Testing using the
highest sensitivity from the distance amplitude calibration blocks and evaluating to the proper
metal travels is also permitted provided noise levels do not obscure required information.

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 may be used for depth and signal recording. Both interface gating and pulse
synchronization are applicable. For automatic recording, the gates used shall maintain stable
gate positions and gate widths throughout the test. Signal amplitude gates shall record a linear
relationship, within 5% of full scale deflection, between the signal displayed on the CRT and
the analog voltage output of the electronic gate over the range of 20 to 80% of the vertical

3.49.1.2

3.4.9.2

3.4.9.3

3.49.4

amplitude displayed on the CRT

At the s
the accy
made a
start an
since th
shall no

Recording
practices.
photograf
other equ
as limited
frequency
the perms
the venddg
compone

repeatably

scanning

Scanning
measured
search un
minimum
the sound

art of each testing shift, the ultrasonic reference shall be recordéd @n
bptance recording. At the completion of the testing shift, a second rec|
nd compared with the starting recording. Any deviation in excess of +
 ending recordings shall require the system to be requalified and all ¢

E last acceptance recording shall be reinspected. For this requirement,

t exceed 8 hours.

Automatic permanent records may utilize lige storage display oscillo
hs of CRT recordings, chart recorders, facsimile recorders, e.g., dry g

by the instrument characteristics.. Such test parameters as scanning
response, electronic gate response, and recorder response may limif
nent recorder to be used., During the selection and qualification of th

 compared with
prding shall be
15% between
arts inspected
the testing shift

). Recording may be performed manually in acecordance with good engineering

scopes,
r wet paper, or

valent recording devices. No restrictionvis placed on the type of recofder used except

speed, amplifier
the selection of
b testing system,

r shall provide purchaser with evidence that the recording system is n
ht of the system and that reflections from known discontinuities are rel
portrayed. If the recorder is established as the limiting system comp
and recording speeds shall be reduced to fall within the limitations of {

Index: In detérmining the index for 100% coverage, the beam diamet
at the nedr'field-far field transition Y, = r*d , where Y, = transition,
it, and K'=\wavelength at operating frequency in two perpendicular dir
beant.diameter value shall be used. The scan index shall not exceed
beam as measured at the half amplltude IeveI (See 3.2.2. 3) When f

units are |

pt the limiting
ably and
onent, the

e recorder.

¢r shall first be

= radius of
ctions. The
the diameter of
pcused search

e half amplitude

level proflled at the focal pomt A cIoser mdex is recommended to ensure adequate inspection
overlap (See Figure 1B).

Scan Speed: Maximum scanning speed is determined by the recordability of the applicable
ultrasonic reference. At the maximum recording speed used, the reference discontinuities shall

be clearly

recorded,

reduced until distortion is eliminated.

If distortion related to scanning speed is observed, the scan speed shall be
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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 50% of the distance amplitude curve for the material zone being inspected. If electronic
distance amplitude correction (DAC) is employed, alarm activation level shall be set at 50% of
the displayed signal. In 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 before proceeding with inspection.

4. QUALITY ASS

4.1 Acceptance (

JRANCE PROVISIONS:

[lasses:

4.1.1 Longitudingl Wave Inspection Using Flat-Bottom Holes (FBH): Five classes of ultfasonic quality
hed for longitudinal wave inspection. Table 4 defines these classes fqr inspections

are establis
involving flg

t-bottom hole reflectors in ultrasonic references.

TABLE 4A - Ultrasonic Reference Inspection Classes, Inch/Pound Units
Single Multiple Lpss of Back

Quality Discontinuity Discontinuities Linear Discontinuity Reflection
Class FBH Size @ FBH Size &) Inch, max %, max

AA #3 #1 #1 response for 0.12 50

Al #3 #2 #2 response for 0.25 50

A #5 #3 #3 response for 0.50 50

B #8 #5 #5 response for 1.00 50

C Als established by-purchaser and vendor for specific part.

Note: 1. FBH numbers indicate diameter in multiples of 1/64 inch of FBH in ultrasgnic reference

TABLE 4B - Ultrasonic Reference Inspection Classes, S| Units

S;IIU:C rvl:u:tlplc LUOO f BaCk

Quality Discontinuity Discontinuities Linear Discontinuity Reflection
Class FBH (1) FBH mm, max % max

AA 1.2 0.4 0.4 FBH response for 3.0 50

Al 1.2 0.8 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.

Note: 1. Diameter of flat bottom hole in millimeters.
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4.1.1.1 Any discontinuity with a signal indiction greater than allowed for the specific class shall disqualify
the part for that class.

4.1.1.2 Multiple discontinuities are defined as two or more indications above the level established for the
class that occur within 1 square inch (645 mm?) of inspected surface.

4.1.1.3 Loss of back surface reflection caused by an internal metallurgical condition showing a signal
loss morefhanﬂ%.aﬁh&.dﬁtam&ampMﬂ&mm&esﬁahﬂshe&mme_m&eda. is not
acceptable.

4.1.2 Angle Beam Tests Using Flat-Bottom Holes (FBH): Five classes of ultrasonic quélity are

established|for angle beam inspection, in either shear or longitudinal medes, whigh involves flat-
bottom holgs for ultrasonic reference reflectors. Table 5 defines these classes.

TABLE 5A - Ultrasonic Quality Classes, FBH, inch/Pound Units

Single Multiple
Quality Discontinuity Discontinuities Linear Discontinuity
Class FBH (U FBH (1) Inch, mak
AA #2 50% of #2 response 50% of #2 resporjse for 0.12
Al #3 #2 #2 resporjse for 0.25
A #5 #3 #3 resporjse for 0.50
B #8 #5 #5 resporjse for 1.00
C Ag established by purchaser and vendor for specific part.

Note 1: FBH numbers indicate_diameter in multiples of 1/64 inch of FBH in ultrasonic reference.

TABLE 5B - Ultrasonic Quality Classes, FBH, Sl Units

Single Multiple

Quality Piscontinuity Discontinuities Linear Discontinujty

Class |—|:5H(1) |—|:5H(1) e
AA 0.8 50% of 0.8 FBH response 50% of 0.8 FBH response for 3.0
Al 1.2 0.8 0.8 FBH response for 6.4
A 2.0 1.2 1.2 FBH response for 12.7
B 3.2 2.0 2.0 FBH response for 25.4
C As established by purchaser and vendor for specific part.

Note 1: Diameter of flat bottom hole in millimeters.

4.1.2.1 Any discontinuity with a signal indication greater than allowed for the specific class shall
disqualify the part for that class.
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4.1.2.2 Multiple discontinuities are defined as two or more indications above the level established for the

class that occur within 1 square inch (645 mmz) of inspected surface.

4.1.3 Angle Beam Using Reference Notches: Five classes of ultrasonic quality are established for angle-

beam inspection, in longitudinal, shear, or surface-wave modes, which involves notches as the
ultrasonic reference reflectors. Table 6 defines these classes.

TABLE 6 - Ultrasonic Quality Classes, Notch

Single Discontinuity Single Discontinuity

Notch Size Notch Size Muttiple
Class Inch mm Discontinuities
AA E - 0.02D x 0.04L E-0.5Dx 1.0L 50% of E responde
A1 F - 0.03D x 0.05L F-0.8Dx1.3L E responge
A\ G -0.05D x 0.10L G-1.3Dx2.5L F responge
B H-0.08D x 0.16L H-2.0Dx4.1L G responge

As established between purchaser.@nd vendor for specific part

)

4.1.3.1 Any discontinuity with a signal indication greater than allowed for the specific clpss shall be

4.2

4.2.1

4.2.2

4.2.3

4.3

4.3.1

4.3.2

cause for|rejecting the part for that class.
Disposition:

Product exhibiting evaluated indications not in excess of limits for its specified quality class may be
accepted w|thout remedial operations.

Product exhibiting evaluated indications in excess of limits for its specified quality| class but in a
location which will be femoved during manufacturing operations may be approved by cognizant
quality assyrance activity for acceptance.

Product containing discontinuities in excess of limits for its specified quality class|and not covered
by 4.2.2 shattbe H:jcutcd.

Records:

General: 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 and of each

part number. These records shall be made available for inspection by purchaser at any
reasonable time.

Personnel Qualifications: It shall be verified that all inspections are performed by personnel
qualified in accordance with 3.1.1. A list of qualified personnel shall be maintained for purchaser’s
review upon request.
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433

4.3.4

435

4.3.6

5. PREPARATION FOR DELIVERY:
Not applicable.

6. ACKNOWLEDGMENT:

Instrument and System Qualification: It shall be verified that the instrument and system used in the
inspection meet specified requirements.

Search Unit Qualification: Documentation regarding the qualification of search unit performance
shall be maintained. Qualification tests shall be related to the time of actual test.

Ultrasonic References: Signal indications from ultrasonic references shall be recorded at least
once a year and results compared to a master record established at initial acceptance.

Procedure Yerification: Copies of the written testing procedure shall include thetype and response
of the ultragonic reference to be used and shall be maintained as part of the"docymentation. The
procedure ghall be reviewed periodically by vendor’s cognizant supervisante ensyire inspection is
in compliange with this specification.

A vendor shall jmention this specification number and.itsrevision letter in all quotations and when

acknowledging|purchase orders.

7. REJECTIONS:

Material not ingpected in accordance withthis specification, or with modifications authorized by

purchaser, will pe subject to rejection.

8. NOTES:

8.1

A change bar|( 1) located“in the left margin is for the convenience of the user in locating areas where
technical revisions, nat.editorial changes, have been made to the previous issue of this specification.
An (R) symbdl to theleft of the document title indicates a complete revision of the specification,

including technicalrevisions. Change bars and (R) are not used in original publicatjons, nor in
Specificaﬂon that contain-editorial changes only
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8.2

8.3

8.3.1

8.3.2

8.3.3

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. Purchaser

and vendor should establish agreement on the following parameters prior to acceptance testing:

Surface finisH
Internal strucfure

Location and [extent of areas to be scanned and applicable quality class
Size of transdqucer and type of search unit

Test frequengy
Type and grafde of couplant
Method of calibration of equipment

Distance Amplitude Correction:
The following|discussion relates to and defines terms and procedures recommenddd in 3.4.8.

Distance Amplitude (DA) Curve: The ultrasonigisound beam propagated from the|search unit will
vary in accgrdance with physical laws. Specific size holes at different depths within the material
will reflect groportionately different energies‘and the display will record a correspgnding

progression of signal amplitudes. The clifve plotted on the CRT is referred to as fhe distance
amplitude (PA) curve.

Distance Amplitude Correction {BAC) Circuitry: To normalize the inherent influenge resulting from
the distancé amplitude curyes;’electronic circuits known as distance amplitude cgrrections (DAC)

are employeéd. These electronic circuits provide a variable gain versus depth fung¢tion which

normalizes the distance-amplitude curve signals displayed on the CRT to a pre-sefected amplitude.

Applications:

8.3.3.1

8.3.3.2

or s = : aT= d surface-wave
tests. A minimum of three pomts are requwed to establlsh a DA curve. 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 CRT. 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 known reference.

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 is recommended.)
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8.3.3.3 DA curves are applicable to focused and non-focused search units but are not applicable to

testing in

the near field of the search unit.

8.4 Reference Publications:

8.5

8.6

8.7

8.8

Nondestructive Testing Handbook, edited by Dr. R. C. McMasters, 1959; Ronald Press, 79 Madison

Avenue, New

Sonics, by T.
NY 10016

Ultrasonic Te|
German editi

AMS 2631
ASTM E 213

Definitions of

York, NY 10016 (Available from ASNT)

E Hueterand R _H Rolt 1955 John \Alilpy & Sons_Inc 605 Third Ay

nue, New York,

5ting of Materials by J. Krautkramer and H. Krautkramer (Tramslation
bn), 1969; Springer-Verlag New York, 175 Fifth Avenue, New=York, N

Ultrasonic Inspection of Titanium Alloys
Ultrasonic Inspection of Metal Pipe and Tubingfer Longitudinal Disc

terms used in AMS are presented in ARP1917.

Dimensions gnd properties in inch/pound units are primary; dimensions and properti

shown as the

Similar Speci

approximate equivalents of the primary units and are presented only

ications:

MIL-STD-1875 is listed for information only and shall not be construed as an accep
unless all requirements of this AMS ‘are met.

Inspection pr
Federal Stan

bcedures meeting,the requirements of this specification have been cla
lardization Area Symbol “NDTI".

bf 2nd revised
10010

bntinuities

es in Sl units are
or information.

able alternate

ssified under

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE “

Kn
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FIGURE 1A - Search Unit Axial DistanceyAmplitude Curve
(Profile for Flat Piston Radiator)
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FIGURE 1B - Cross Section Profile of Sound Beam at Y, or Focal Point
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