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Submitted for recognition as an American National Standard

AIRCRAFT QUALITY STEEL CLEANLINESS
Martensitic Corrosion-Resistant Steels
Magnetic Particle Inspection Procedure

. A h

1. SCOPE: ' : : i

This specification covers steel cleanliness requirements for aircraft-quality
ferro-magnetic, hardenable, corrosion-resistant steels by-magnetic particle
inspection methods. Applicable primarily to blooms, billets, tube frounds,
stock for forging or flash welded rings, slabs, bars,-sheet, strip,|plate,
tubing| and extrusions used in fabricating parts subject to magnetic particle
inspﬁc jon, but may be used for qualification of’a heat, melt, or lpt of

" steel. ) - : T .

1.1 AMS 2803 is the inch/pound version of this,MAM.

2. 'APPLICABLE DOCUMENTS: o ‘ ‘ *

(:) "The following publications form a part of this specification to the| extent
speciffied herein. The latest issue of SAE publications shall applyl. The
applicpble issue of other publications shall be the issue in effect| on the
date of the purchase order _

2.1 SAE Publications: )
Availpble fromVSAE,'400'Commonwea]th Drive, Warrendale, PA 15096-0001.

‘ AMS 2p40 Magnetic-Particle Inspection

2.2 ASTM Publications:

4

‘Availpble~from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187|.

13

ASTM E 10 Brinell Hardness of Metallic Materials

SAE Technical Standards Board Rules provide that: "This report is published by SAE to advance the state of technical and engineering
sciences. The use of this reportis entirely voluntary, and its applicability and suitability for any particular use, including any patentinfringement
arising therefrom, is the sole responsibility of the user.”

Q SAE reviews each technical report at least every five years at which time it may be reatfirmed, revised. or cancelled. SAE invites your written
comments and suggestions. ’

Copyright 1993 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.
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3. TECHNI

Publications:

able from American National Standards Institute, Inc., 11 West 42nd
t, New York, NY 10036.

B46.1 Surface Texture
CAL REQUIREMENTS:

3.1 Specimen Preparation:

3.1.1 Hea
sha

3.1.2 Product Qualification: Product from a heat not qualified based
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t Qualification: Sampling shall be in accordance with 4 ,3.1%
11 be converted into test specimens in accordance with 3.1.3.

Samples

n 4.3.1 shall be sampled in accordance with 4.3.2:-“Samples
verted into test specimens in accordance with 3:1.3.

cing and Rough Machining:

1id Product Over 230 cm® Cross-Sectional. Area Except Flat Bars, Slabs,
d Plates: A quarter-section shall be.cut from the sample sufficiently
ersize that the center of the original specimen will be apprpximately
the surface of the specimen after(generating to test size. | The
ecimen shall be converted into test size by machining, or fo
chining, to a diameter not larger than 150 mm consistent with the
chining allowance specified in 3.1.4.1. As an alternate method when
reed upon by purchaser and(vendor, the full section may be rplled or
rged to a 150 mm round or square and an oversize quarter obtpined as in
1.3.2. The identity fdr specimen surface representing centey of
riginal stock shall be maintained throughout machining and testing.

b1id Product 105-to 230 cm’, Inclusive, in Cross-Sectional Area Except
at Bars, Slabs; and Plates: A quarter-section shall be cut

ifficiently oversize that the center of the original specimen/ will be
pproximatelyon the surface of the sample after generating to| test size.
ne specimei shall be converted to test size by machining, or fforging and
chining;”/to the largest possible round consistent with the machining
lowance specified in 3.1.4.1. The identity for specimen surfface
presenting center of original stock shall be maintained throughout
chining and testing.

olid Product Under 105 cm® in Cross-Sectional Area Except Flat Bars,
labs, and Plates: The specimens shall be machined, consistent with the
achining allowance specified in 3.1.4.1, to straight cylindrical
amples. As an alternate method when agreed upon by purchaser and
endor, a stepdown specimen shall be generated in equal length
jrcumferential steps as in Table 1, consistent with the machining
1lowance specified in 3.1.4.1.

£\

~
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TABLE 1 - Stepdown Specimens

Diameter

Between Para]]e]lsides
‘Millimeters

Nominal

or Distance Step
Length

Millimeters

Step
Diameter
3

Step
Diameter

Step
Diameter
1

Step
Diameter
2

Step
Diameter

6.25 to

12.50, 125.00 -

incl

Over 12.50
Over 18.75
Over 25.00
Over 37.50 {

D = Origina

62.50
4]1.62
31.25
25.00

172D
3/5D
3/50

incl
incl
incl
incl

o 18.75,
o 25.00,
o 37.50,

0 100.00,

2/30
3/4D
4/5D
4/50

Do o 9o

diameter or distance between parallel sides minus machining stock removed.
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3.1.3.5.1

3.1.3.5.2

3.1.3.5.3

:

at Bars: The type of test and the location )in the section s
reed upon by purchaser and vendor.

abs or Plates: A straight cylindricalor rectangular specim

chined, or forged and machined, from“each slab or plate to b

e specimen shall be taken essentially parallel to the direct

11ing, midway between edge and center of the slab or plate w
ngmiaa]ly 125 mm in length, and not more than 100 mm in fin
thickness.

Product Up to 100 mm, .Inclusive, in Nominal Thickness: A st
cylindrical specimen~shall represent the full thickness cons
the machining allowance specified in 3.1.4.3.

Product Over 100\to 200 mm, Inclusive, in Nominal Thickness:
straight cylindrical specimen shall represent surface to mid

Product Over 200 mm in Nominal Thickness: A straight cylind
specimen shall be taken so that the axis is approximately mi
betweéen the surface and mid-thickness and shall have a diame

to.‘'one-third the nominal thickness of the section.

consistent_with the machining allowance specified in 3.1.4.3(

hall be as

an shall be
b tested.
on of

dth, shall
b1 diameter

raight
istent with

A
Lthickness

rical
Hway
ter equal

3.1.3.
3.1.3.

3.1.3.6.2

6 Tubing:

length shall be machined to straight cylindrical sections in
with 3.1.4.2.1.

Over 250 mm in Nominal OD with Nominal Wall Thickness Up to
Inclusive: Specimens nominally 125 mm in length shall be ma
straight cylindrical sections in accordance with 3.1.4.2.2.

6.1 Up to 250 mm, Inclusive, in Nominal OD: Speciméns nominally 125 mm in

accordance

50 mm,
chined to
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3.1.3.6.3

3.1.3.6.4

3.1.4.1
(R)

3.1.4.2
3.1.4.2.1

Over 250 mm in Nominal OD with Nominal Wall Thickness Over

50 to 100 mm, Inclusive: Specimens nominally 125 mm in length
representing the full cross section, less the machining allowance
specified in 3.1.4.2.2, shall be machined to straight cylindrical
sections.

Over 250 mm in Nominal OD with Nominal Wall Thickness Over 100 mm:
Specimens nominally 125 mm in length, representing the inside surface
to the mid-thickness of the wall, less the machining allowance

ined to straight cylindrical

Product Other Than Tubing, Flat Bars, Slab, and Plate:( The converted
sample shall be machined to conform to the allowance-of Table 2 for

surface removal, allowing 0.25 mm per side for finish machining after
t treatment.

TABLE 2 - Stock Removal

Nominal
Diameter or Distance Minimum
Between Parallel Sides Stock Removal
Millimeters Millimeters per Side
6.25 to 12,50, incl 0.75
Over 12.50 to -18:75, incl 1.15
Over 18.75 to( _25.00, incl 1.50
Over 25.00.to. 37.50, incl 1.90
Over 37.50-to 50.00, incl 2.25
Over 50.00 to 62.50, incl 3.20
Over .62.50 to 87.50, incl 3.90
Over<-87.50 to 112.50, incl 4.70
Over112.50 to 150.00, incl 6.25

Tybing:

Up to 250 mm, Inclusive, in Nominal OD: Tubing with nominal thickness
under 6.25 mm shall have 10% of the wall thickness or 0.40 mm,
whichever is less, removed from the 0D after heat treatment. Samples
from tubing with nominal wall thickness of 6.25 mm and over shall be
machined to conform to the stock removal requirement of Table 3.

/N
N
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TABLE 3 - Stock Removal, Tubing
Machined Diameter Minimum Stock Removal
Millimeters Millimeters per Side
. Up to 62.5, incl 1.10
Over 62.5 to 87.5, incl 1.15
Over 87.5 to 112.5, incl 1.30
Over 112.5 to 137.5, incl .35
Over 137.5 to 162.5, incl 1.60
Over 162.5 to 200.0, incl 1.85
Ovler 200.0 to 250.0, incl 2.20
3.1.4.2.2 [Tubing Over 250 mm in Nominal OD: Tubing withmominal wall thickness

up to 100 mm, inclusive, shall be turned to Straight cylindr]
sections representing the full cross sectiop of the wall, Tles

cal
3

allowance of 3.75 mm stock removal on the<0D and ID and allowing

3.1.4
(R)

3.1.5

3.2

0.25 mm per side for finish machining after heat treatment.
from tubing with nominal wall thickness over 100 mm shall be
cylindrical sections representing the cross section from the

treatment.

.3 Flat Bars, Slab, and Plate: “Allowance of 20% of the nominal t
2150 mm, whichever is less, shall be made for minimum stock re

allowing 0.25 mm per side for finish machining after heat trea!

Hea Treatment: Unless otherwise specified, rough machined spec
be Rardened by suitably austenitizing, quenching, and tempering
hardness not lower jthan 200 HB, determined in accordance with AS

sh Machining: The heat treated specimens shall be finish ma
ace texture not rougher than 0.8 ym AA, determined in accord
B46.1> Rateable surface of specimens shall be nominally 12
th, ‘The ends of the specimen shall be finished to provide g
trical contact.

Fin
sur
ANS
len
ele

Samples
turned to
0D to

‘Imid-thickness of the wall less allowance of 3.75 mm stock removal on
the OD and allowing 0.25 mm pey;Side for finish machining aff

Ler heat

mickness or

oval and
cment.

mens shall
Lo produce
M E 10.

thined to a
ance with

b mm in

bod

Inspection:

Magnetic particle inspection shall be performed in accordance with AMS 2640
by the circular, wet, continuous method using 32 to 48 A/mm of diameter.
the stepdown bar (3.1.3.3) is used, the smallest step shall be magnetized and

If

inspected first; the larger steps shall be magnetized and inspected

individually in succession of increasing size until all steps have
evaluated. If a longitudinal slice from slab or plate as in 3.1.3

been
.5 is used,

only the longitudinal surfaces perpendicular to the two faces of the slab or

plate shall be inspected.
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3.2.

1 Cleanliness standards presented herein govern nonmetallic inclusions only.
Steel which, during inspection, reveals indications representing actual
ruptures, such as cracks, seams, laminations, and laps, will be subject to
rejection except where these defects result from sample preparation.

.2 The results of magnetic particle inspection shall be appropriately

recorded. A1l recorded results shall be identified, filed, and made
available to purchaser upon request. Records shall be available for three
years after shipment of the product.

Evaludtion of Steel Cleanliness:

After |inspection, each indication 1.5 mm and over in length shall be

recorded. The frequency (F) (number) and the severity (S) {length) of the

indicdtions shall be calculated as follows:
.1 Frequency (F):

.1.1 THe number of indications per test specimen is<{totaled.

mil]limeters.

.2 Sevgrity (S):

.2.1 The length of each indication is recorded.

.1.2 THe frequency per specimen is determined by“dividing the total|number of
jndications from each specimen by the area of the test specimep in square

.1.3 THe frequency ratings for all test\specimens from a heat are tptaled.

.3.1.4 THe average frequency (F) equals the total frequency rating for all test
sgecimens from a heat dividedoby the number of test specimens.

.2.2 The product for-éach specimen is computed by totaling the prodyict of the

nymber of indications times the appropriate progression factor|listed in

Tagble 4:

TABLE 4 - Progression Factor

Length of Indication

Progression Factor

MiTTimeters

for Severity Rating

1.5 to 3.0, incl
Over 3.0 to 6.0, incl
Over 5.0 to 12.5, incl
Over 12.5 to 19.0, incl
Over 19.0 to 25.0, incl
Over 25.0 to 37.5, incl

0.5

OO0 PPN —

N
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3.3.2.2.1 Specimens which contain indications representing non-metallic
inclusions over 37.5 mm in length shall be subject to rejection.

3.3.2.3 The severity per specimen is determined by dividing the product for each
specimen by the area of the specimen in square millimeters.

w
.
w

.2.4 The severity ratings for all test specimens from a heat are totaled.

.3.2.5 The average severity (S) equals the total severity rating for all test
specimens from a heat divided by the number of test specimens.

(78]
(78]

3.4 Dispopition: Product inspected in accordance with this specificdtlion shall
conform to the following maximum frequency and severity ratings:

3.4.1 Heaft Qualification (Reference 4.3.1):

?§4'1'l Product Other Than Slab, Sheet, Strip, and Plate:
) R

3.4.1.1.1 | Individual Test Bar: As specified in TabJe’5.

TABLE 5 - Individual.Test Bar

Carbon Content Ratings Ratings
Percent Frequency Severity
Up to 0.25, excl 0.75 0.75
0.25 and over 0.67 0.55

3.4.1.1.2 | Average of All)Test Bars From A Heat: As specified in Table 6.

TABLE 6 - Average of A1l Test Bars

Carbon Content Ratings Ratings
Daowve o + Evamuugne, Coaunwidy
rereeite ) IC\.{\ICII\-J SJeVed I\-J

Up to 0.25, excl 0.40 0.35

0.25 and over 0.37 0.32
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%ﬁ§'l'2 Slabs and Plate: As specified in Table 7.
TABLE 7 - Slabs and Plate
Average of A1l Tests Average of All Tests
From a Heat From a Heat
Frequency Severity
0.80 0.67
3.4.2 Prodyct Qualification (Reference 4.3.2):
3.4.2.1 Prpduct Other than Sheet, Strip, and Plate:
3.4.2.1.1 [ndividual Test Bar: As specified in Table\8.
TABLE 8 - Individual Test Bars
Product Npminal Diameter Carbon Content Ratings Ratfings
Mi[l1imeters Percent Frequency Sevprity
Up to 6p.50, excl Up.to 0.25, excl 1.10 1[.05
0.25 and over 1.00 0l.95
6P.50 and over Up to 0.25, excl 0.80 0. 80
0.25 and over 0.80 0l.67
3.4.2.1.2 Average'of All Test Bars From a Heat: As specified in Table P.
(R)
TABLE 9 - Average of All Test Bars
Product Nominal Diameter Carbon Content Ratings Ratings
Millimeters Percent Frequency Severity
25.00 to 62.50, incl Up to 0.25, excl 0.90 0.85
0.25 and over 0.85 0.80
Over 62.50 Up to 0.25, excl 0.40 0.35
0.25 and over 0.37 0.32

N

~ S

S

~

P
~
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3.4.2.1.2.1 Product under 25.00 mm in nominal diameter or distance between
(R) parallel sides inspected using the straight cylindrical test bars or

3.4.2.2 Sheet and Strip:

(R)

product under 100 cm® in cross-sectional area inspected by the
alternate step-down specimen (3.1.3.3) shall have maximum average
frequency and severity ratings agreed upon by purchaser and vendor.

and severity ratings agreed upon by purchaser and vendor.

Shall have maximum individual and average frequency

3.4.3 Product inspected in accordance with this specification and having

(R)

4.2

4.2.

4.2.

4.2.

4.3

frlequency, severity, or both ratings exceeding the specified Ii
reevaluated for specific applications when permitted by purchas
Evlaluation of any one or two steps of the alternate stepdown sj
bel waived by purchaser when the area represented is not conside
for the end product.

QUALITY ASSURANCE PROVISIONS:

Res

The
shal
the
to
sped

Clas

Test
perf

onsibility for Inspection:

vendor of the product shall supply all samples for vendor’s {
1 be responsible for performing all required tests. Purchasz
right to sample and to perform any confirmatory testing deem
n;ure that the product conforms to.the requirements of this
ification.

sification of Tests:

s for all applicable requirements are acceptance tests and sh
ormed as specified in 4¢2.1 and 4.2.2.

1 H
c
c

1.1

2 P

P
s

at Qualification: Tests in accordance with 4.3.1 to determi
nformance to "heat qualification" requirements, if acceptabl
nducted only once per heat.

Heats which 'have been qualified as semi-finished product shal
considered-qualified for finished product.

oduct<Qualification: Tests to determine conformance to requi

Samp

oduct_not "heat qualified" shall be conducted on product of ¢
ape‘of each lot made from each heat.
ling:

mits may be
er.

ecimen may
red critical

est and
r reserves
d necessary

all be

e
, heed be

1 be

rements on
ach size and

The sampling procedure described in 4.3.1 shall be performed by the producer

for

heat qualification. No further sampling by the producer shal

1 be

required from a heat which meets the requirements of 3.4.1. Sampling

proc

edure on the product shall be as described in 4.3.2.
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4.3.1 Heat Qualification:
4.3.1.1 Heats of Top-Poured Ingots: Samples shall be taken from semi-finished or

finished product representing the top and bottom of the first ingot and
last usable ingot from heats having not more than 10 ingots or not over
27,000 kg or from portions of heats within these limits; and from the top
and bottom of the first, middle, and last usable ingot of heats having
more than 10 ingots or over 27,000 kilograms.

4.3.1.2
(R) or
in
in
he
le
th

4.3.1.2.1

4.3.1.3 St
(R) pr
st
th
of
ca
re
re
cu
4.3.2 Prod
10%
one
shal
thre

4.4
The ve
cleanl
inform

4.5

4.5.1
(R)

Heats of Bottom-Poured Ingots:

Samples shall be taken from semi-finished

finished product representing the top and bottom of three ingots.

ot shall be taken at random from the first usable plate pour

One
d, one

ot at random from the usable plate poured nearest to the.middie of the

t, and one ingot at random from the last usable plate‘poured

When

s than three plates per heat are produced, samples shall be Yaken from

top and bottom of one random ingot per plate.

f there are less than three ingots in the heat(
epresenting the top and bottom of all ingots«

and-Cast Heats:
duct having at least a 3:1 reduction din cross-section from t

samples shal]

be taken

Samples shall be taken.from semi-finished or finished

e cast

and, or samples of the as-cast strand 'similarly reduced, representing
front, middle, and back of both strands when two strands are cast, or
an inside strand and an outside strand when more than two strands are

t. When a single strand is cast, six samples having at leas

a 3:1

uction from the cast strand,-or samples of the cast strand symilarly

uced, representing both ends of the first, middle, and last
s (blooms) of the strand or product shall be taken.

ct Qualification: Samples shall be taken at random from not
f the pieces of each Tot. A lot shall be all product of one

eat in one shipment. Not less than three nor more than 10 s
be selected from a lot, except that if the quantity in the
pieces or léss one sample shall be taken from each piece.

Reports:

dor of the product shall include the MAM 2303 frequency-seve
ness.rating for each 1ot in the shipment in addition to othe
tion required by the applicable material specification.

sable

less than
size from
amples
ot is

rity

Product Other Than Slabs, Plates, Sheet, and Strip:
in the above tests fails to meet the specified requirements, disposition of

Resampling and Retesting:

If any specimen used

the heat or lot may be based on the results of testing three additional
specimens for each original nonconforming specimen; additional specimens
shall be as follows:

- 10 -
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4.5.

4.5.

(R)

1.1

Heats of Top-Poured Ingots: One of the additional specimens shall be
taken from the same position from product from each of the two available
ingots most immediately adjacent in pouring sequence to that from which
the original nonconforming specimen was taken. The third specimen shall
be taken from product of the original nonconforming ingot after
additional discard. Should the Tatter specimen be unacceptable,
resampling and retesting of the nonconforming ingot may be repeated after
as many consecutive discards as necessary to obtain acceptable results.
Should any of the adjacent-ingot tests fail to meet the specified
requirements, resampling and retesting of these ingots will be permitted

1.2

4.5.1.2.

(R)

4.5.1.

(R)

4.5,

(R)

4.5.

(R)

2 Si

2.1

sing the procedure specified tor the original nonconforming
eats of Bottom-Poured Ingots:
ngots most immediately adjacent to that from which the origi

onconforming specimen was taken.
roduct of the original nonconforming ingot afterfadditional

hould the latter specimen be unacceptable, resampling and re
he nonconforming ingot may be repeated after,as many consecu
Should a

iscards as necessary to obtain acceptable resuits.
djacent ingot tests fail to meet the specified requirements,
nd retesting of those locations will be permitted using the
pecified for the original nonconforming ingot.

If there are less than three ingots in the heat, all test 1
that fail shall be retested after discard is taken.

trand Cast Heats:
ection adjacent to the original nonconforming specimen afte
iscard, and two adjacent cuts (blooms) shall be sampled at
ested.
eet the specified requirements, resampling and retesting of

briginal nonconforming location.
ab, Plate, Sheet, and Strip:

For Heat Qualification of Stab and Plate: If the average of
specimens from a heat fails to meet the requirements of 3.4.1

gverage of all original specimens, disposition qf the heat ma

Two of the additional specimens shall be taken
The third specimen shall be

specimen to be retested.
so as to be representative of the heat.

One of the additional specime
aken from the same position from product from each of"jthe tw

The third specimen shall b,

Should any of ;the adjacent cut (bloom) test location

ocations will be.permitted using the procedure specified for|

ngot.

s shall be
available
al
taken from
iscard.
esting of
ive
y of the
resampling
procedure

ocations

sufficient
th ends and
s fail to
those

the

One of the additional samples shall be tEEen from the

the
.2 for the
y be based

original

taken from the original nonconforming slab or plate after additional

discard.

Should the average of the results on the original specimens not

requiring retesting plus those on the additional specimens fail to meet

the requirements of 3.4.1.2, resampling and retesting may be

repeated

after as many discards as necessary to obtain acceptable results.

- 11 -
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