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FOREWORD

This document supersedes MIL-I-8950B, Inspection, Ultrasonic, Wrought Metals, Process for. The
purpose of MIL-STD-2154 is to standardize the process for applying ultrasonic inspection in the

evaluation of wrought metals and wrought metal products.
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1. SCOPE:

1.1

1.2

1.2.1

1.3

1.3.1

1.3.2

Purpose:

The purpose of this military standard is to provide uniform methods for the ultrasonic
wrought metals and wrought metal products.

Application:

The methods for ultrasonic inspection in this standard are applicable in the detection

inspection of

of flaws in

wrought mefals and wrought metal products having a cross section thickness equal o 0.250 inch or
greater. Wrought metals include forging stock, forgings, rolled billet or plate, extruded or rolled bars,
extruded or folled shapes and parts made from them. Application of the methods infthis standard is

not intended for non-metals, welds, castings or sandwich structures;

Wrought a”uminum alloy products: Requirements for ultrasoniC inspection of alumipum alloy

wrought p

a. When (ltrasonic quality level class AA is required;’the discontinuity acceptance
as defiped in table VI.

b. Ultrasgnic inspection of machined aluminum alloy parts shall be in accordance
standard.

Classificatiop:
The ultrasornic inspection metheds in this standard shall be classified as follows:

Type:

| - Immergion method:
[l - Contact method:

Class: Five dltrasonic acceptance classes shall be as defined in table VI.

oducts, except as noted below, shall be in accordance with ASTM B 594

criteria shall be

with this
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2. APPLICABLE DOCUMENTS:

2.1

2.2

2.3

U.S. Government Publications:

The following publications, of the issues in effect on date of invitation for bids or request for proposal,
form a part of this specification to the extent specified herein.

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Ave

Philadelphia

MIL-S-5000
MIL-STD-41p

QQ-A-200/3
QQ-A-200/1{t
QQ-A-225/6
QQ-A-225/9

QQ-M-31

PA 19111 -5094.

Steel, Chrome-Nickel-Molybdenum (E4340) Bars and Reforging Stoc
Nondestructive Testing Personnel Qualification and Certification (Eddy
Penetrant, Magnetic Particle, Radiographic and Ultras@nic).
Aluminum Alloy Bar, Rod, Shapes, Tube, and Wire,(Extruded, 2024.
Aluminum Alloy Bar, Rod, Shapes, Tube, and Wire, Extruded 7075.
Aluminum Alloy Bar, Rod, and Wire, Rolled, Brawn, or Cold Finished,
Aluminum Alloy Bar, Rod, Wire, and Special:Shapes, Rolled, Drawn,
Finished, 7075.

Magnesium Alloy, Bars, Rods, And Speeial Shaped Sections, Extrudg

SAE Publicdtions:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 4928

ASTM Publi

Available from ASTM, 100\Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM A 36
ASTM B 594
ASTM E 127}

Titanium Alloy, Annealed, 120,000 PSI Yield.

cations:

Structural Steel, Specification for.

nue,

A

Current, Liquid

2024
or Cold

d.

Ultrasonic Inspection of Aluminum-Alloy Products for Aerospace Applications.

Fabricating and Checking Aluminum Alloy Ultrasonic Standard Referg

Rocoammandad Practica for
CCOmT eI Tt T 1TactrctCTOT,

tnce Blocks,

ASTM E 317

ASTM E 428

ASTM E 500

Performance Characteristics of Ultrasonic Pulse-Echo Testing Systems, Without the

Use of Electronic Measurement Instruments, Practice for Evaluating.
Fabrication and Control of Steel Reference Blocks Used in Ultrasonic
Recommended Practice.

Ultrasonic Testing, Definitions of Terms Relating to.

Inspection,



https://saenorm.com/api/?name=37d4bc8b37bd3c65df968c01355b6d00

AMS-STD-2154

SAE

AMS-STD-2154

3. DEFINITIONS:

3.1

3.2

3.3

3.4

3.5

3.6

A-Scan presentation:

A method of data presentation on a cathode ray tube (CRT) screen utilizing a horizontal base line
that indicates distance, or time and vertical deflections from the base line which indicate pulse

amplitudes (

STM E 500)

Angle beam

Examination

examination:

the test surface.

Attenuation:

Loss of ener

Back surfacs

b resolution:

conducted using an ultrasonic beam traveling at an angle measured fro

gy per unit distance, commonly expressed in detibels per unit length.

m the normal to

The minimum distance between the back surface.and a discontinuity of known size {hat will give an

indication wi
least 20 per

C-scan pres

A means of
location and

cntation:

nose trailing edge will clearly be separated from the far surface indicatio
tent of full scale when the ultrasonic beam is perpendicular to the back §

Hata presentation which: provides a plan view of the part or material bein
sizes of areas coptaining discontinuities which give ultrasonic reflection

amplitude arle indicated on the C-scan presentation.

Decibel (db)

Logarithmic

expréssion of a ratio of two amplitudes.

n down to at
surface.

g tested. The
above a pre-set

Where:

A4 and A, are amplitudes.

See figure 12.
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3.7

3.8

3.9

3.10

3.1

3.12

Distance-amplitude correction (DAC) (swept gain, time corrected gain, and time variable gain, etc):

Electronic change of amplification to provide equal amplitude from equal reflectors at different depths
(ASTM E 500).

Entry surface resolution:

The minimuin distance between the entry surface and a discontinuity of known sizé,t
hdication whose leading edge will clearly be separated from the entry-sy

a first-echo i
down to at I
surface.

Far field:
The region @

transmissior]
increasing d

Horizontal lipearity range:

The range o
horizontal di
required for

Horizontal limit:

The maximu
physical limi
expressed a

ast 20 percent of full scale when the ultrasonic beam is perpendicular tq

f sound beam travel beyond near field, in which intefvals of high and lov
intensity cease to occur. A reflector gives monotonically decreasing an
stance in this zone.

f horizontal deflection in which a constant relationship exists between th
splacement of vertical indications on the A-scan presentation and the in
Feflected waves to pass througha known length in a uniform transmissig

m readable length-0f horizontal deflection that is determined either by a
[ in the A-scan presentation of an ultrasonic testing instrument. Horizon
s the maximum. observed deflection in inches from the left side, or the s

hat will produce
rface indication
b the entry

v acoustic
nplitude with

b incremental
cremental time
n medium.

n electrical or a

fal limit is

art, of the

horizontal lirfe representing the time base.

Lower linearjty limit;

The level of kettical-deflection-defining-the-lowertimit-of-an-ebserved-constantrelationship between
the amplitude of the indications on an A-scan screen and the corresponding magnitude of the

reflected ultrasonic wave from reflectors of known size.
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3.13 Near field:

The region immediately in front of a transducer in which the ultrasonic beam is subject to variation of
intensity due to interference effects. The length of a region is governed primarily by frequency and
probe diameter. The sound beam travel distance from the face of the transducer given by the

equation
N = D*t4C
Where:
N = near field length - inches.
D = the major dimension of the transducer element - inches. For gircles, D = the
diameter. For rectangles or squares, D =the diagonal.
f = ultrasonic frequency - Hertz.
C = ultrasonic velocity - inches per.second.
3.14 Noise:

A large numper of unresolved signals at:the baseline of the cathode ray tube which ¢an be caused
by nonhomageneous structure, surface.roughness, electrical interference, etc.

3.15 Primary reference response:

The amplitudle established from reference standards at metal travel distance where t{he least
response is pbtained.

3.16 Signal to noise ratie:

The ratio of fHezamplitude of a given ultrasonic signal to the amplitude of the average¢ background
noise signal.

3.17 Straight beam examination:
Examination conducted using an ultrasonic beam traveling normal to the test surface.
3.18 Transducer element:

The portion of a transducer which is made out of a piezoelectric material and used to transform
electrical energy to ultrasonic energy and vice-versa.

-10 -
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3.19

3.20

3.21

3.22

3.23

Ultrasonic sensitivity:

The capacity of an ultrasonic testing system to detect a very small discontinuity. Ultrasonic
sensitivity is expressed as the amplitude of the indication obtained from a small discontinuity of
known size when the instrument gain setting is maximum.

Ultrasonic p

netration:

A relative te

absorption g

Upper linear

The level of
the amplitud

reflected ultfasonic wave from reflectors of known size.

Vee-path:
The angle-b

the reflectio
letter V (AST

Vertical limit

The maxim

physical limi
definition, ve
horizontal lin

4. GENERAL RE

41

m denoting the ability of an ultrasonic testing system to inspect materia
r scattering.

ty limit:

vertical deflection defining the upper limit of an observed constant relati
e of the indications on an A-scan screen and the cdorresponding magnitu

back along the same path to the transducer. The path is usually shaps
'M E 500).

m readable level pf\vertical indications that is determined either by an e

rtical limit is.expressed as the maximum observed deflection in inches f
e representing the time base.

QUIREMENTS:

Specifying:

exhibiting high

bnship between
de of the

bam path in materials starting at the transducer examination surface, thijough the
material to t:l:e reflecting surface, continuing to the examined surface in front of the s

earch unit, and
ed like the

ectrical or a

in the A-scan presentation of an ultrasonic testing instrument. For purposes of

rom the

When ultrasonic inspection is specified in accordance with this standard, orders, contracts or
referencing specifications shall specify the ultrasonic type and class or classes (see table VI).
Engineering drawings shall be zoned to indicate different quality level acceptance classes based on
the criticality of each zone. Directions of maximum stressing shall be indicated on engineering
drawings to indicate the requirements for performing ultrasonic inspection to locate discontinuities
oriented perpendicular to the directions of maximum stressing.
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4.2

4.3

4.4

Personnel qualification:

Personnel making accept-reject decisions described in this standard shall be qualified to Level Il or
better in accordance with MIL-STD-410. Personnel qualified to a Level | Special shall be permitted
to perform the NDT methods described in this standard and make applicable accept-reject decisions
as specified in MIL-STD-410. Personnel qualified to a Level | shall be restricted to performance of
the NDT methods described in thi andard as specified in MIl -STD-410

Written procedure:
A detailed NDT procedure shall be prepared for each part and type of inspection to be performed.
The procedyre shall meet the requirements of this standard and shall provide consisgtency for
producing the desired results and quality level. The procedure shall cover all of the specific
information fequired to set-up and perform the test, such as the following:

Name and address of testing facility.

Number [of the procedure including latest revision letteryif applicable, and date.
Number [of this standard including latest revision letter; if applicable, and date.
Inspectign method type and acceptance class orclasses to be applied.
Inspectign zones, if applicable.

Specific part number and configuration to bedested.

Specific material and form for which the procedure is being prepared.
Manufacturer and model numbers of any instrumentation to be used in the test. [Include any
recording equipment, alarm equipmént and electronic distance-amplitude correction equipment.
Type and size of transducer. Include frequency, transducer element material, solind beam angle
ription of any wedges, shoes, saddles, stand-off attachments, bubblers or squirters.

SQ@ ™0 20T

— ==
0
(@]
c
=2
W)
S

plan. Describe the surfaces from which the tests will be performed and the ultrasonic

beam pa
. Method ¢f applying’transfer, if utilized.

Test blogks, water path and methods of standardization and index determination

Method ¢f-establishing scan sensitivity for concave and convex surfaces, if applicable.

Discontinuity-evatuation-procedure:

Any other pertinent data.

LT OS5 3

General procedures:

General procedures are acceptable for common product forms such as plate, bar stock extrusions
and forgings. The general procedure shall cover applicable items of 4.3.

-12-
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5. DETAIL REQUIREMENTS:

5.1

5.11

51.11

5.1.1.2

5.1.2

5.1.2.1

Materials:

Couplants:

Immersi

n method (type 1): For the immersion method (type 1), water shall be us

ed, either in an

immersiq
foreign n
and a we
the form
wetting &
inspecte

Contact
thin film
not be in
include:
wetting ¢
the part.

Standard t
I. Forinsp
same alloy
be free of
not repres
process.

Standarg
to class
shall be
reflectior
referenc

n tank or as a water column. The water shall be free of visible air bubb
naterial which could interfere with ultrasonic tests. A suitable corrosion i
ptting agent shall be added to the water, if necessary, to inhibit corrosion
btion of air bubbles on the material and the transducer. The specific inh
gents shall have been previously determined to be suitable for the matg
d.

method (Type Il): For the contact method (type Il),-adiquid or semi-liquid
petween the transducer and the test part is required. The couplant matg

water, oil, grease, penetrant emulsifier, and‘water soluble gels. Viscosi
f the couplant must be sufficient to maintain good ultrasonic energy trarn

bst block materials: Standard test blocks shall be fabricated from the allo
ection of materials not listed jn\table I, the test block material shall be m
as the part to be tested or@s specified in the contract or order. These

manufacturing and material related conditions that might result in spurio
bntative of the material under test or which might otherwise interfere witl

test block material inspection: The standard material shall be ultrasonid
AA (see 5.5:4) using the immersion straight beam technique. The stand
ested forloss of back reflection in accordance with 5.4.14.2, except tha
shall’be not greater than 35 percent in any one area. Another exceptid
b standard is fabricated from a section of test material, it shall be ultrasor

es and other
nhibiting agent
and to reduce
biting and
rials to be

which forms a
brial used shall

urious to the material to be inspected. Typicalcouplant materials for contact inspections

y and surface
smission into

ys listed in table
ade from the
standards shall
Lis indications

h the inspection

ally inspected
ard material

t loss of back
nis, when a

het BananaAina mAaarA ot ANt Alooo

ically inspected

to the n

1
AL AOUUTTUN Is mmoure outl I&UI U Uidoo.
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5.2 Equipment:

Electronic equipment: The electronic equipment when used with appropriate transducers shall be

capable of producing ultrasonic test frequencies in the range of at least 2.25 to 10 MHz and shall
be capable of meeting or exceeding the minimum requirements of table Il as determined by the
procedures defined in ASTM E 317. The electronic equipment shall be checked after any repair or

nent replacement which could affect its response characteristics or on

e each year,

occurs first, and shall meet the minimum requirements of table II. Reto
TM E 317 evaluation shall be retained.

decade switch check: If the ultrasonic system is equipped with-precisio
r an attenuator decade switch, these items shall be checked\in accorda
method described in 5.2.2.1 or 5.2.2.2.

switch - method 1:

typical straight beam transducer, any suitable reference block, and the

ent damping, reject, and pulse length at minimum, adjust the instrume

response from the back surface of the block has:an amplitude of 95 percent of
at a switch position of 1X (30 db). The uncalibrated gain may be adjusted to o
response height (see figure 1, CRT 1).

Switch|to 0.1X (10 db) position and accept as linear any response height from

(see figure 1, CRT 2).

e switch at 0.1X (10 db)-position, adjust the uncalibrated gain to get a res
cent (see figure 1,-€RT 3). Then switch to 1X (30 db). Accept as linear
from 90 to 100 percent or saturation (see figure 1, CRT 4).

e switch atX (30 db), adjust the uncalibrated gain to get a response h¢
cent and.then switch to 10X (50 db). Accept as linear any response frorn

percent or saturation.

1

rds of the

n attenuator
nce with the

ltrasonic

until a

the CRT height
btain this

6 to 13 percent

ponse height of
any response

pight of
n 90 to 100

gt ot ANV (EN AKNY A ot dha o oot A Ao aracnanaa hd

' =t |
\>2 OVVII.UII al TU/\ \\JU UU} CAUJUOI. ure urioanvIrailou 80llll u|||.|| A IUOHUIIOU LI}

ight of

95 percent is obtained. Switch to 1X (30 db) and accept as linear any response from 6 to 13

5.2.1
part/comp
whichever
current AS
5.2.2 Attenuator
switches o
applicable
5.2.2.1 Decade
52211 Witha
instru
52212
5.2.2.1.3 With th
10 per
height
5.2.2.1.4 With tH
10 per
5.2.21.5 With the
percen
52216

t.

Table Il is a summary of the response heights/switch positions.

In the previous tests, the CRT height should be estimated to the nearest 2-1/2 percent of full
screen.
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5.2.2.2 Attenuator switches - method 2:

5.2.2.2.1

52222

52223

52224

52225

5.2.3

524

With all db attenuator switches out, maximize on a 5-0300 block using 5.0 MHz, 3/4 inch

ceramic straight beam search unit. Adjust the receiver gain control for a 100 percent signal
response from the hole. Fix the gain control position.

Alarm: Wh
bar stock ¢
the ultraso
ultrasonic
trigger the
shall be sU
immersion
front surfa
plate techr

Voltage re

its cannot be met at each step, corrective action must be taken, and th
ion shall be rerun.

en inspecting parts or material'with regular shape and parallel surfaces
nd forged billets, an audible alarm shall be used in conjunction with visu
nic instrument cathode fay'tube. Triggering of the alarm shall be contro
Signals over an adjustable time interval. The amplitude of ultrasonic sig
alarm shall be adjustable. During operation, the sound level produced |
fficiently above(ambient to insure that it is easily detected by the operat
straight beam testing, the gate used to trigger the alarm shall be set to
Ce response of the part (first echo sychronization). This is not applicable
ique.

;ulator If fluctuations in line voltage cause variations exceeding + 2.5 pg

vertical li

Qlans n—amn ida aof onebhalfthe vartie Alfana rAd

21 db. At each

ing the “A” values
ithin the limits

obtain a
pntrol position.

31 db. Ateach

ing the “B” values

e attenuator

such as plate,
al monitoring of
led by received
hal required to
by the alarm

br. When
frigger on the
to the reflector

prcent of the
ulator shall be

required on the power source. Battery powered units are excepted.

3 o Laas o ol Lt
LLY III A OIHIIOI vviltrT ari CAIII'JIILUUU vl utie 11airt unre VUILI\JOII mrm, o VUII.CAHU IUH
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5.2.5 Transducers: For immersion methods (type ), transducers with active element diameters between
3/8 and 3/4 inch inclusive shall be used. (Exceptions allowing the use of “paintbrush” transducers
for plate inspection are covered in 5.2.6.). Transducers with active element diameters exceeding
3/4 inch may be used provided it can be demonstrated that the search unit and instrument meet or
exceed the minimum requirements of table Il. For contact method (type Il) only, transducers with
active element dimensions (diameter for circular elements, length for rectangular elements)

5.2.6

5.2.6.1

5.2.6.2

5.2.6.3

5.2.6.4

5.2.6.5

5.2.7

5.2.8

between 1

4 and 1 inch inclusive shall be used. All transducers shall be serialize

evaluation

Rectangul
straight be
transducerf
at least thg

A metho
beam wh

A metho
the bean
least act

A metho

responses.

Procedu

that megt the requirements 0f.5.2.5, including attenuation comparisons.

A proced
scan ind
determin

Transduce
performed

shall be maintained.

ar “paintbrush” transducers: Rectangular “paintbrush” transducers shall
am, immersion initial scanning inspection of plate if it is demonstrated th
provides the required inspection results. The written procedures (see 4
> additional items specified in 5.2.6.1 through 5.2.6.5.

J shall be established for providing a uniform entry.syrface for the full ext
en using test blocks for equipment calibration andvadjustments.

1 shall be established for determining a sensitivity profile across the maj
1 to locate the least sensitive area. The.s€an sensitivity must be establi
ve portion of the transducer at each position of the DAC curve to be usq

d shall be established for masking the ends of the transducer to eliminat

res for evaluation of indications detected during scan shall be made usir

ure for determining effective beam width (major dimensions of the trans
X establishediin accordance with 5.4.12 shall be based on the beam w
ed.

r attachments: For special applications, when immersion (type 1) inspec
‘bubbler” or “squirter” attachments shall be used with the transducers t

and records of

be allowed for
at the
3) shall include

bnt of the sound

or dimension of
shed using the
ed.

B over sensitive

g transducers

ducer). The
dth so

ion cannot be
D provide the

18 nath Aictoan~ang

required w

ol Hal.l T"Uiowariveo.

Tank: A tank is required for the immersion method. The tank shall be of sufficient size to permit
submersion of the part of material to be inspected with proper placement of the transducer.
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5.2.9 Manipulating equipment: For immersion (type I) inspection, manipulating equipment shall
adequately support a tube containing a transducer and shall provide angular adjustment within
1 degree in two mutually perpendicular, vertical planes. The bridge shall be of sufficient strength to
provide rigid support for the manipulator and shall allow smooth, accurate positioning of the
transducer. The scanning apparatus shall permit measurement of both the scan and index
distances within £ 0.1 inch. Water travel distance shall be adjustable. When part size and/or

geometry

revent the use of manipulating equipment, transducer stand-off attachments which

provide for
be made t
the test.

5.3 Reference s

Reference
conform tg

5.3.1

Flat surf;
size and
ASTM E
blocks s
standard
5/64 and

5.3.1.1

Curved {
surfaces
specified
inspectin
shall be
Correctid
supporte

5.3.1.2

5.3.2 Reference
conform tg

control of water travel distance and sound beam angle shall be used!\#
D ascertain that wear of stand-off attachments do not exceed limits whicl

fandards:

standards for straight beam inspection: Standards forctraight beam ins
the quality and dimensional requirement specified-lerein.

hce reference standards: Blocks used for test:set-up and for evaluation ¢
metal travel shall be fabricated and checked.in accordance with ASTM
428, as applicable. For materials not covered by ASTM E 127 or ASTM
nall be fabricated to the dimensional requirements of ASTM E 127. Test
s for defect evaluation shall containdlat-bottom holes of standard diame
8/64 inch). Metal travel tolerances shall be in accordance with table V.

urface reference standards: When performing straight beam inspection
on cylindrical or irregularly shaped products, special ultrasonic test blog
radii of curvature and flat-bottom holes of standard diameter shall be u
g parts with convex'radii up to 4 inches (8 inch diameter) blocks conforr
ised. For parts{with convex radii over 4 inches, use standard flat face b
n factors for.setting up on flat blocks to inspect curved surfaces shall be
d by test data acceptable to the contracting officer.

standards for angle beam inspection: Standards for angle beam inspec
thedquality and dimensional requirement specified herein.

Provisions shall
0 will degrade

pection shall

f discontinuity
E 127 or

| E 428, test
blocks used as
ers (2/64, 3/64,

of curved entry
ks, containing
sed. For

ning to figure 3
locks.

used only when

ion shall

5.3.2.1

using flat bottom holes.

Rectangular angle beam: Figure 4 is the configuration for the rectangular angle beam standards
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5.3.2.2 Hollow cylindrical standards: Standards for inspection of hollow cylindrical parts or sections shall
be fabricated in accordance with figures 5 and 6. Standards shall have a thickness equal to £ 25

5.3.2.3

53.24

5.3.2.4.1

5.3.24.2

53.24.3

53.24.4

5.3.3 Verificatior:

percent of the part thickness. The outer diameter shall be within = 10 percent of

the outer

diameter of the part or section being evaluated. Standards shall have flat-bottom holes of the
size specified for the applicable class (see table VI). Other reflecting surfaces that meet the
requirements of 5. 3 shall be permitted. A set of reference holes for normal inspection consists of

three Wlt

Internati

Angle b

The reference holes or notches shall be introduced into the standard material

within

2° of the indicated orientation. After.vetification, all holes shall be plug

iter. (Class Ais

shall be used for

sitioning for
icers and angle

as indicated by

or flatness in
ed and shall be
ged using

methogls which will provide an air-interfacezat the backface of the hole and to pievent corrosion

of the hole face.

All sta
depth

dards shall be clearly identified so that the material type, hole or notch
bf the holes are readily discerned on the standard or drawing of the stan

Using $tandard test conditions, i.e., instrument, transducer frequency, etc., the
reflectors shall be checked ultrasonically. The ratio of the reflected signal ampli
of the reflector shall. be proportional within + 25 percent as shown in figure 8.

Standgrds shall:be dried or cleaned of couplant after use. They shall be proteq
damage and-corrosion when not being used.

The faollo roaation arifi narrantn oo ~Af rAfaran A of

bize, angle and
dard.

standard
tude to the area

ted from

P

mainfa $a A o
LAY IUIIUVVIIIU mmurTrmauuvurrt, tU vol Ily VUITOUUTOOO UTTUTUTUTIUVU owda

be made available by the NDT facility for review by the contracting officer.

5.3.3.1

brication, shall

Dimensional or lay-up inspection data and/or radiograph data verifying that holes are in proper

alignment.

5.3.3.2 Comparison amplitude plot of all holes or notches showing amplitude linearity to class size.
Make the test using the gain setting that will display the largest class at 100 percent (upper

linearity limit) as shown in figure 8.
amplifier or a linear db presentation (see figure 9).

Indicate if the pulser/receiver cathode ray tube has a linear
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5.3.3.3
5.3.34
5.3.3.5
respons
5.3.3.6 Chart wi
5.3.3.7 Alloy typ
5.3.4 Alternate n
slots, side
5.4 Inspection p
5.4.1 General: F
part geom
performed
required a
surface sh
surface ro
those ared
before acg
5.4.2 Coverage:
manipulati
addition, w
engineerin
specified d
5.4.2.1 When er
to resolv
5422

For cylindrical standards, listing of the angle of incidence or offset distance “d” (see figure 10) for
maximum amplitude response for all grades.

Measured surface finish (RMS, AA or RHR) of standard.

Certification that the standard material is free from discontinuities detrimental to reliable

from the reference standard

h dimensions showing location of reference holes or notches.
e and heat treat condition.

eference reflectors: Other types of reference reflectors (machined electr
drilled holes, etc.) shall be used unless otherwise specified in the contra

rocedures:

rior to ultrasonic inspection, it shall be determined that the surface roug
btry are compatible with good ultrasonic practice and that an adequate in
Surfaces shall be sufficiently free from waviness to permit a uniform tg

all be considered suspect until determined otherwise. When it is detern
ighness precludes adequate disclosure and evaluation of subsurface di
s of surface roughness mustbe smoothed by machining or other permis
eptance of any parts in accordance with this specification.

When possible, initial scanning shall be parallel to the major grain flow.
bn shall be used t0"obtain maximum response from individual discontiny
hen directions of maximum stressing are indicated by referencing spec
g drawingsyscanning shall be performed to locate discontinuities that a
irections:

try surface resolution based on a 2 to 1 or greater signal-to-noise ratio,

nnnnnnnnnnnnnnnnnnnnnn atact crrfansas (aaon fini e 414 £ A1 AL

odischarge
ct or order.

nhness and the
spection can be
st over the

rea. When inadequate sound transmission is experienced, the test surface or reflecting

ined that
scontinuities,
bsible means

Angular
ities. In

i"‘ications or

e oriented in

is not sufficient

To=Y =Y
vroovuliturniuitaoco rioal u IU (OOl OUIIQ\JUO \OUU IIE’UIU LILELA4) alullllllulll I\Jlul

gs and table V

for material other than aluminum forgings), additional tests shall be performed from the opposite
side or to established zoning requirements. Also, for each inspection direction, tests from
opposite sides are required when the maximum metal travel distance is such that the minimum
size discontinuity of the applicable class cannot be detected by tests applied from only one side.

When the cross sectional thickness in any of the inspection directions exceeds 18 inches,
additional inspections may be required, and the ultrasonic scanning requirements shall be
established by mutual agreement between the NDT facility and the contracting officer.
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54.3

544

5.4.5

5.4.6

5.4.7

54.8

5.4.9

5.4.9.1

Scanning speed: The scanning speed shall not exceed the maximum scanning speed which
provides for detection of all discontinuities in the reference standards used to set up the test.

Ultrasonic frequency: Standardization and testing shall be performed at the ultrasonic frequency
which will provide the penetration and resolution required for the production material. When both
angle and straight beam methods are used on a single part, the frequency used for the angle beam

inspection

shall be determined by penetration and resolution requirements. Inspe

tion performed

with transritting and receiving transducers of different frequencies shall be consid

performed
systems, t

Water travgl path for immersion method (type 1): The distance from the-face of the

the front s
not appea
the same

Surface preparation: The sound entry surface and reflecting surface shall be free f
heavy or uneven scale, machining or grinding particles;.or other loose foreign matt

clean partg

Visual insf
areas, irre
will impair

not practicable, mark such discrepancies on the part for later use during evaluatior
indicationd.

Reference
class (see
specified K

Preparatio
standards

ne operating system frequency is established by the frequency of the re

at the frequency of the transmitting transducer for broadband systems.

Iirface of a part shall be such that the second front reflection from the tes
between the first front and first back reflections. This(distance (water i
vithin £ 1/4 inch for standardization, initial scanning:and final evaluation

before ultrasonic inspection.

ection: Visually inspect the part or.material for cracks, burrs, nicks, gou
jular machining and tool tears prior to ultrasonic inspection. Any surfac
ultrasonic inspection shall be removed prior to inspection. If removal is

standards: Selectreference standards (see 5.3) with hole diameters for
5.5.4). Metal travel distances shall be comparable to the work piece thi
y the acquisitioner for near surface resolution.

h for standardization (type I): For the immersion method, immerse the rg
and transducer in the water bath. Adjust the water travel in accordance

haSr~ tnanantian: Naraaolhion th atrancdiinar A Aoy, atha rafloaectad oid

ered to be

For tuned

Ceiving system.

transducer to
5t material does

avel) must be

rom loose,
br. As required,

hes, raised
b defects that
not possible or

of ultrasonic

the applicable
ckness and as

ference
with 5.4.5.

Straight

RVAT- =Y
oartl IIIOPUULIUII TNUTTTIAnaZo Uuie uadarnouuvol v IIICAI\IIIIILU aure 1oirocuiou OI\—

nal from the

water-metal interface by manipulating the transducer about each of the two axes at 90 degrees

with one

another to obtain maximum response from the reference standard.
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5.4.9.2 Angle beam inspection: Maximize the reflected signal response from the reference reflector by
initially angling the transducer approximately 23° + 4° and obtain a response from the reference
reflector. The transducer will be tilted approximately 19° to 27° from the normal to the test
surface to obtain a shear wave with an angle from 45° to 70° respectively in aluminum, steel and
titanium. Adjust the instrument gain to provide 80 percent amplitude signal from whichever
reference standard exhibits the least response. This is the primary reference response.

5.4.10 Distance-

mplitude correction curve: If a distance-amplitude correction (DAC) is\tg be used,

establish the curve in accordance with ASTM E 127 for aluminum, ASTM E 428-fof steel and

5.4.10.1 f

5.4.10.1 Distanc

r other materials.

-amplitude correction curve for other materials: Establish the curve by adjusting the

instrumelnt gain such that the reference reflector which produces the largest response is at
80 percgnt of the vertical limit. At this instrument gain setting, record all other reference block

respons
respons

s over the desired metal path range. The DAC curve is constructed by
s from each reference block with a smooth curve.

oining the peak

5.4.11 Part thickness increases: When increases in part thickness occur which cause the|reference
standard metal travel to become less than 75 percent’of the thickness of the test mpaterial, the

distance-a

5.4.12 Scanning

the maxim

traversing
reference

shall be us

individual

ransducer and re~established whenever there is a metal travel distance

plitude curve must be extended or the sensitivity must be re-establish¢d.

ndex-determination (type I): Use the reference standards selected in 5.4.8 to determine
um scan index as follows: Usingthe same gain selected in 5.4.9.2.1, defermine the total
distance across the test blocks through which no less than 50 percent of the primary
fesponse is obtained. Qne-half to 80 percent of the least of the distancgs determined
ed as the maximum scanning index. This index distance must be established for each

change or

equipment change or alteration. Wider scan indexing than specified above shall bg permitted if the
instrumen{ gain is increased to compensate for the wider indexing.

5.4.13 Establishment of scanning gain (type |): Position the transducer over the part to be
the same fransducer-to-part distance, angular relationship and gain as was used in setting up on
the referernce standards.

inspected using

5.4.14 Scanning: Scan the part in accordance with 5.4.13 and at a speed selected in accordance with
5.4.3. Set the minimum level in accordance with the acceptance requirements. Note all indications
which produce signal amplitudes equal or greater than the above level at scanning gain after
ascertaining that the signal is not produced by surface conditions.

5.4.14.1 Discontinuities: Note and evaluate in accordance wth 5.4.16 all discontinuities found at scanning
gain which have amplitudes greater than the alarm set level.
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5.4.14.2 Back reflection: For straight beam inspections, where geometry permits, compare the back
reflections from normal sound material on the same part or like part with the back reflections from
all areas exhibiting any signal or signals which exceed twice the normal background noise level
at scanning gain. The back reflection amplitudes shall be measured by lowering the gain so that
the first back reflection amplitudes are below the vertical limit. Any loss of back reflection
exceeding 50 percent shall be cause for rejection unless it can be shown that the loss of back

reflectio

is due to a non-parallel back surface or back surface roughness. If ba

k surface

roughne
reviewed

5.4.15 Transfer te
transmissi
piece of m
the respon
to be inspé
notches fo
If possible
be tested ¢
from the re
applicable
difference

5.4.15.1 Exceptio
the signa
between
standard

Where:

5s is found to be the cause of the back reflection loss, the entire test iter
for conformance to 5.4.4.

chnique: The transfer technique shall be used to compensatedfor differe
bn characteristics that may exist between the reference standards and €
Aterial to be tested. Transfer shall be accomplished by noting the db or g
ses received from reflectors in the reference standard@nd the part or pi
bcted. These reflectors may be the back surfaces Aof straight beam insp
r angle beam inspections, or any other reflectorsiwhich will aid in accomp
a minimum of four reflections from different logations in the part or piec|
shall be noted and the lowest response shall\be used for comparison wif]
ference standard. The instrument respense shall be corrected by first ¢
reference standards and then changing the gain or db of the instrument
n gain or db noted above.

n: The use of the transfer techhique is not required for establishing scanf
| amplitude from a reflector(in each part of each piece of test material is
60 and 160 percent of the signal amplitude from an equivalent reflector

, e.d.

0.6A, <A, <1.6A,, orin decibels,

n shall be

nces in sound
ach part or

ain difference in
ece of material
ections, “V”
lishing transfer.
e of material to
h the response
blibrating on the
by the

ing sensitivity if
in the range
n the reference

A1=a

mplitude of the first reflection from a reflector in test block material.

A, = amplitude of the first reflection from an equivalent reflector in the material being inspected.
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5.4.16 Evaluation of discontinuities: Evaluate discontinuities by first resetting the sensitivity to 80 percent
vertical limit amplitude on a test block with hole diameter equal to the smallest acceptable for the

applicable class (see 5.5.4). Use a test block with metal travel distance equal to the discontinuity
depth in the part within the tolerance specified in table 1V, or use the applicable distance-amplitude

5.4.16.1 Multiple

5.4.16.2

5.4.17 Corrosion

5.5

5.5.1

curve established in 5.4.10. Apply the transfer technique, if required.

transdu

r over the center of each discontinuity where the signal is a maximun,
or mater|al where the distance between the centers of any two discontinuities-is

minimunp allowed in the applicable class (see table VI).
Linear di
correctedl by the transfer technique, which are greater than 30 percent of the prin
responsg or 50 percent of the distance-amplitude curve. Position the transducer
extremity of the discontinuity where signal amplitude is redueed to 50 percent of
reference response or distance-amplitude curve. Move thetransducer toward th
extremity of the discontinuity until the signal amplitude:is again reduced to 50 pe
distance|between these two positions indicate stringerilength. Reject any mater
linear digcontinuities longer than the maximum allewed in the applicable class (s

protection: Parts shall not be held invfimmersion tanks beyond the time r¢
inspection| After completion of ultrasonic inspections, all parts shall be dried and ¢
corrosion protective material, as necessary, before they are stacked, nested, or plg
with one apother in any way.

Quality assurance provisions:

Responsibility for inspection;Unless otherwise specified in the contract, the contrg
responsible for the performance of all inspection requirements as specified herein.
otherwise gpecified ifdthe contract, the contractor may use his own or any other fa
for the performance-of the inspection requirements specified herein, unless disapp
Government. TheGovernment reserves the right to perform any of the inspections

y positioning the

Reject any part
closer than the

scontinuities: Estimate the length of linear discontinuities having signal amplitudes,

nary reference
over one

the primary

e opposite
rcent. The

al or part with
ce 5.5.4).

pquired for
oated with a
iced in contact

ctor is

Except as
Cilities suitable
roved by the
5 set forth in the
d services

specificatipn-where such inspections are deemed necessary to assure supplies an

nfaceribad raciramant

conform t } i
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5.5.2

5.5.3

5.5.4.1

5.56.5

5.6 Packaging:

5.6.1

5.6.1.1

System performance: In order to check test system performance characteristics, standardization of
systems with respect to sensitivity shall be performed prior to and immediately after each
inspection and after any changes in instrument settings, or instrument modules, and at two hour
intervals during continuous operation. If the sensitivity has increased, only those indications found
during the interim need to be re-examined. If the sensitivity is found to have decreased more than
10 percent from one calibration check to the next standardization check, the test items examined
during the interi - ' itivi iti distance-
amplitude curves are being used for inspection of parts, the transducer and test ingtruments shall
be checkefl daily for the thickness range of material being inspected.

Data reconds: Data records of all tests shall be kept on file in accordance with the contract or order.
For any rejectable item, the location and general shape of the rejectablé’discontinyities within the
ted shall be recorded.

classes: Five ultrasonic classes are defined in table VI for governing the acceptability
of parts and materials. Engineering drawings, contracts, eporders shall specify the class as
defined in this document. When a part requires multiple classes, the drawing shal| be zoned to
indicate the areas to which each class is applicable. Any other classes not covered by this
standard shall be specified in the contract or order.

Acceptance criteria for parts to be machinedzDiscontinuity indications in excess [of the specified
ultrasonig class shall be permitted if it is established that such discontinuities willlbe removed by
subsequent machining operations. In such cases, a record of the ultrasonic insgection results
shall be provided on a grid map or-C-scan showing the location and size of indications by
discontinuity grade with respect foa “bench mark” on one corner of the surface from which the
material |is scanned.

Rejection: [Iltems containing discontinuities or defects exceeding the limits of the wiitten procedure
(see 4.3), subject to the provisions of 5.5.4, shall be rejected. The location and estimated size of
each indication exceéding the specified limits shall be reported.

Marking:

Wrought metal - raw stock: Each item of raw material which has been ultrasonically inspected
and found to conform to the requirements of this specification and the acceptance requirements
of the contract or order shall be marked with a symbol containing a “U” and an additional mark
indicating the type and class of inspection (see 1.3). The acceptance stamp shall provide
identification of the inspector and the inspection facility. Marking shall be applied in such a
manner and location as to be harmless to the item and to preclude removal, smearing or
obliteration by subsequent handling.
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5.6.1.2 Parts machined from wrought metal: Parts in process which have been ultrasonically inspected
and found to be acceptable shall be identified by stamping the accompanying paperwork. When
practical, the completed parts or raw materials shall be identified with a final acceptance stamp
which indicates that all required operations have been completed and accepted. This stamp
shall identify the final acceptance inspector and the inspection facility.

5.6.1.3 Other identification: Other means of identification, such as dyeing or tagging, shall be applied
when the construction, finish or functional requirements preclude the use of stapjping.

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE “K”
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TABLE |I. Recommended standard test block materials.

Test block material Typical
Material to be inspected alloy designation specification
Aluminum alloys 7075-T6 QQ-A200/11
QQ-A225/9
2024 QQ~A<200/3
QQ~A=225/6
Magnesfium alloys ZK60A QQ-M~31
Titanibm alloys Ti-6A1~4V annealed AMS 4928
Low allloy steels (4130, 4330, 4340 annealed MIL~S~5000
43403 low alloy high strength
steelsl, such as NAX, T-1, 300M;
straight carbon steels and H-11
tool steels)
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TABLE Il. Electronic equipment requirements.

Ultrasonic test frequency (MHz) 6/

Instrument 4/ 4/

characteristics 1~ 2-1/4 5 10 DI

minimum

Vertical

limlt, percent

of full scale 100 100 100 100 100

Upper

linparity =95 =95 =95 > 95 > 95

limjt, percent

of full scale

Lowegr

ling¢arity =10 =10 =10 =\10 =10

limjit, percent

of full scale

Ultrasonic '

sengitivity w0 ¥ so 3| 100N {100 | 100 3

pergent

Sigpal-to- 25 Y | e P00 |10 | 100 ¥

nolige ratio

Entryy surface

resplution, in 1.s 2 o | os Moz | o ¥
aluTinum, inches

Back surface

resilution in 0.75 A o3 | o2 3o 3| o 3
alupinum, inch

Horjzontal Full Full Full Full Full

limjt scale scale scale scale scale

Horlzontal

lingearity = 85 = 85 > 85 = 85 = B5

range, percent

of horizontdl

limit

1/| ~AST reference block 2-0300 (see ASTM E 127).

2/ ASTM reference block 3-0150 (see ASTM E 127).

3/ ASTM reference block 1-0300 (see ASTM E 127),

4/ The 1 MHz and 15 MHz requirements are applicable only when these
frequencies are to be used and are not specific requirements
for all instruments.

5/ The resolution shall be accomplished if the intercept of the response
separating the flaw from the surface is within 40 percent (of total
screen height) from the baseline.

6/ Higher frequency pulser - receivers may be used for entry surface

resolution applications for sound metal
without satisfying the other instrument

travels less than 0.2 inches
characteristics.
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Table Ill. Allowable response height as a function
of the attenuator/decade switch position.

Decade or attenuator switch positions
0.1X 1X 10X
10-db 30 db 50 db
Allowablle 10 ~—~—}»m 90-100 or saturated
range flor 10 —————~ 90~100-0r sgturated
CRT 6~13 95
response 6-13 95
height,| percent
_‘_____i_Switch directién
TABLE IV. Flat surface reference standard metal travel.
Depth of Reference standard metal
discontinuity travel distance tolerance
(inches) (inches)
Up to 1/4 * 1/16
1/4 to 1 £ 1/8
1 to3 + 1/4
3toé6 + 1/2
Qver 6 + 10% of metal travel
TABLE V. Surface resolution requirements (except
for aluminum forgings).
Resolution requirements
Materjal tliickness (t) Forgings/re-forgings Other materfals
Up to 1.25 inches 174 inch 178 inch
1.25 inches and over 1/4 4inch 1/10 ¢

2.5 inches and over

1/10 ¢ or 1/2 inch, whichever is less
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Ultrasonic classes.

TABLE VI.
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100% or Saturation Range of
Acceptable
Linearity
95% L
-t o e g e P g7/ 77 Y
\ 90%
13% 10%
2RIl | -———— ——
1X Popition 0.1X Position 0.1X Position 1X Posgdtion
CRI 1 CRT 2 CRT 3 CRT 4
Range of
Acceptable
Linearity

FIGURE 1. CRT displays corresponding to decade
switch multiplier ¢heck.
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RECEIVER NO.
DATE,
BY
% SCREEN HEIGHT
4B CALG— | LnETS RECORDED
DATA SHEET A (B) OUT VALUE | MIN. | MAX. AN B
0 (10) | 100.0 | - - - ||~
B VALUES IN T (11) 89.1 | 85 5%
PARENTHESES 2 (12) | 79.4 | 75 8%
3 (13) 70.8 | 66 75
4 (14) 63.1 | 59 68
5 (15) 56.2 | 52 1
6 (16) 50.1 46 55
100 4 7 (17) | 4h.7 1740 | 49
8 (18) 39,8 35 A
40 - 9 40
~~ EO“
&
-
= 104
=
o3|
% 404
v
:\-5
w1 30+
g
%4 40 4
3 bod
(]
=
w
e
104
0 T ] T ] T l T l T l 1 T | L{ ] 18 ] ¥ | 1 ]
0 2 4 6 8 10 12 14 16 18 20
(10) (12) (14) (16) (18) (20) (22) (24) (26) (28) (30)
dB OUT

FIGURE 2. db attenuator check data sheet
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CONVEX SURFACE REFERENGE BLOCK CONFIGURATION

D 90° & 10' Typical, ~—
[Z>  ftolevencer + 0,925 tach V1 dole
t Plug
D Tolerance: + 0.010 fnch.
E> 100 SHR Top Surface.
B> s saen
CONVEX - SURFACE REFERENCE\BLOCK DIMENSIONS
R A B [4 D E F G H
4.0 2.0 4.0 6.0 0,425 1.5 1.5 12.5 2.0
3.5 1.75 3.5 5,25 0.425 1.5 1.5 12.5 2.0
3.0 1.5 3.0 4.5 0.425 1.0 1.5 12.0 2.0
2.5 1.25 2.5 375 0.425 1.0 1.5 12.0 2.0
2.0 1,0 230 3.0 0,425 1.0 1.5 12.0 2.0
1.5 0.75 1.5 2.25 0.425 1.0 1.5 12.0 2.0
1.25 0:625 1.25 1.875 0.425 1.0 1.5 12.0 1.5
1.0 0.5 1.0 1.5 0,425 1.0 1.5 12.0 1.5
0425 0.375 0.75 1,125 0.3 1.0 1.0 11.0 1.5
0.5 0.25 0.5 0.75 0.2 1.0 1.0 11.0 1.0
—_Noted! An approved alternate configuration to that of Flgure J Is to divide and

construct each of the ten reference standards as three separate blocks;
one containing the C dimension, one containing the B dimension, and one

containing the A dimension.
sions of Figure 3 and Table IV apply except as follows:

(1) For each C block, the F dimension shall equal the listed E

dimengion.

(2) For each B block, the F dimension and the gketched 0,5
dimension shall be 1,0,

(3) TFor each A block, the sketched 9.5 dimension shall be 1.0,

For this alternate congtruction, all dimen-

FIGURE 3. Convex surface reference standard configuration
for longitudinal wave inspection.
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