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QUALITY ASSURANCE SAMPLING AND TESTING
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1. SCOPE:
This specificatipn covers quality assurance sampling and testing procedures used tohdeternjine
conformance tg applicable specification requirements of wrought carbon and low-alloy steel
products and of forging stock.

1.1 Attributes included in detail herein are:

Composition | tensile properties, macrostructure, and micro-inclusigh rating. Other requirements
are included |n Table 2.

1.2 Quality assurance sampling and testing procedures for forgings are covered in AMS 2372,
2. APPLICABLE |DOCUMENTS:
The following publications form a part of this specification to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue
in effect on the date of the purchase order.
2.1 SAE Publications:
Available fro SAE, 400 Commenwealth Drive, Warrendale, PA 15096-0001.
AMS 2372 Quality Assurante -Sampling and Testing, Carbon and Low-Alloy Steel Forgings
2.2 ASTM Publicptions:

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

ASTM E 8 Ternsmom Testmgof Metattic Materats

ASTM E 8M Tension Testing of Metallic Materials (Metric)

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

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

Copyright 1996 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.

QUESTIONS REGARDING THIS DOCUMENT: (412) 772-7154 FAX (412) 776-0243
TO PLACE A DOCUMENT ORDER: (412) 776-4970 FAX (412) 776-0790
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3. TECHNICAL REQUIREMENTS:

3.1 General:

3.1.1 Omission from this specification of confirmatory tests of certain material properties or attributes
controlled by the applicable material specification does not relieve the vendor of responsibility
for furnishing products which conform in all respects to the applicable material specification.

3.1.2 In event of conflict between requirements specified herein and requirements of a particular

material specification, requirements of the material specification shall take precedence

3.2 Responsibilify for Tests:

The vendor pf the product shall supply all samples for vendor's tests and shall be respongible for
the performance of all required tests. Results of such tests shall be reported todhe’purchaser as

required by the applicable material specification.

3.3 Detail Requifements:

3.3.1 Lot: A lot shall be as defined in 3.3.1.1 or 3.3.1.2; the applicable definition being as spegified in

Table 2 forjthe type of test and type of product being tested.

3.3.1.1 Aot shall be all product identifiable to a single heat.

3.3.1.1.1 A heaf shall be all steel melted in a single furnace‘charge. For consumable electrgde
remelted steel, a heat shall be all consumable;electrode remelted ingots processed from

steel griginally melted as a single furnace charge.

3.3.1.2 Aot shall be a mill form of one shape,.gondition, and nominal cross-sectional dimen
from a gingle heat, processed in accofdance with 3.3.1.2.1 or 3.3.1.2.2.

3.3.1.2.1 Sequeftially heat treated during a 24-hour period in a continuous furnace with no

5ions

interruption in operations and-no change in furnace temperature, charge rate, or ragking

patternf

3.3.1.2.1.1 The pominal dimension restriction may be disregarded when multiple sizes are hgat

treat¢d in a singlé.batch or during an eight-hour period in a continuous furnace ogerating

at a ¢onstant-spéed. In such cases, tensile and macrostructure testing shall be p

brformed

on thie sizéchaving the greatest equivalent round cross-section. The equivalent rqund
crosg-section shall be determined by multiplying wall thickness of tubing and thickness or

diameterof solids by the shape factors showninTable 1. |
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TABLE 1 - Shape Factors

Product Shape Factor
Tubing 2.0
Rounds 1.0
Hexagons 11
Squares 1.25
Flats 1.50

3.3.1.2.2 Sequentially heat treated during a 48-hour period in one or a series of batch-type furnace

3.3.2 Sampling al
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the same power setting , set temperature , soak time, quench parameter
j pattern.

nd Testing : Shall be in accordance with Table 2 and 3s follows
ition:
of a sample taken immediately before or during thevpouring of a heat. A

of the sample shall be within the composition limits established by the
cation, excluding any considerationof product'check analysis.

sample of 3.3.2.1.1 is lost, a new sampleshall be taken from the semi-
d product.

ance with a samplin g plan that will allow the reported chemical compos
b conform to one of the follawin g options:

b averag e of all ingots in the remelted heat.

b averag e of the ingets-directly involved with the order.
b averag e of samples representing the first and last usable metal poured
heat.

e analysis ofteach ingot involved with the order.

average.for an element is reported, each analysis of the element shall f
positional limits established by the material specification; each individud

portedchemical compositionof the steel subjected to.a single melting op

de the applicable product check analysis allowance, but no average sh
ses which are both above and below the compositional limits. |

of furnaces,

5, and

eration shall
nalysis
material

inished or
duct thereof in

tion of the

from

All within the
| analysis may
Il include

When the remelting method is vacuum-arc remelting and the applicable material
specification establishes minimum values for carbon and/or manganese, these elements
shall be determined and reported for each remelted ingot.
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3.3.2.1.2.3 The heat analysis may be used for reporting the analyses of those elements governed
only by a maximum in the material specification if the analysis is within the compositional
limits and the element routinely decreases or remains constant during remelting.

3.3.2.1.2.4 Analyses of samples made prior to discard need not be reported.

3.3.2.2 Tensile Specimen Orientation, Location, and Size: Tensile specimens conforming to
ASTM E 8 or ASTM E 8M shall be cut from the semi-finished or finished product in the
direction indicated below, and shall be cut from the locations and to the sizes specified. The
sample shall consist of one or more sections of the product selected to represent a specific

location of locations with respect to the order of pouring of the selected ingot or ingots
with respect to the location within the ingot.

3.3.2.2.1 Sheet,

3.3.2.2.1.1 Orientation: Specimens shall be taken with the axis of the specimen perpendicula
direction of rolling from widths 9 inches (229 mm) and over and patrallel to the direc
rolling from widths under 9 inches (229 mm). When short-tranSverse tensile prope
are specified in the applicable material specification, speciniens shall be taken witl the
axis of the specimen parallel to the thickness direction of the product.

3.3.2.2.1.2 Locatipn and Size:

33.221.21
(R)

3.3.2.21.2.2
(R)

trip, and Plate:

Londitudinal and Long-Transverse Specimens; The standard 1/2 inch (12.7 mm)
rectgngular specimen or pin-loaded tensile_specimen with 2-inch (50.8-mm) gage

and

to the
tion of

rties

wide
length

shalllbe used for sheet, strip, and plate 0:625 inch (15.88 mm) and under in nomipal

thickness. For plate 0.625 to 0.750 inch)(15.88 to 19.05 mm), inclusive, in nomingl

thickness, either the standard %z inch-(12.7 mm) wide rectangular specimen with 2-inch

(50.8-mm) gage length or the standard ¥z inch (12.7 mm) round tensile specimen

with

2-ingh (50.8-mm) gage length or.a smaller, round specimen proportional to the standard

shalllbe used. For plate over 0.750 inch (19.05 mm) in nominal thickness, the sts

ndard

% in¢h (12.7 mm) roundrtensile specimen with 2-inch (50.8-mm) gage length or smaller,

rounf specimen proportional to the standard shall be used. The tensile specimer

shall

be Igcated midway hetween the faces of product 1-% inches (38.1 mm) and undey in

nominal thicknesS.and midway from center to surface for product over 1-% incheg
(38.1 mm) in nominal thickness.

thickhess, subsize round tensile specimens, proportional to the standard, shall be
wherrtt ST Ci '

-Transverse Specimens: For plate 2-%z inches (63.5 mm) and over in noming

used

[ensile

specimens with 2-inch (50.8 mm) gage length. Short-transverse testing is not applicable

for plate under 2-% inches (63.5 mm) in nominal thickness.

3.3.2.2.2 Bar, Rod, and Wire:
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332221

3.3.2222

3.3.22221
(R)

3322222
(R)

3.3.2.2.3 Tubing

3.3.2.231

3.3.2.23.2

Orientation: Specimens shall be taken with the axis of the specimen in the longitudinal
direction except that, when long-transverse tensile properties are specified in the
applicable material specification, specimens shall be taken with the axis of the specimen
perpendicular to the rolling or extruding direction. When short-transverse tensile
properties are specified for rectangular bar in the applicable material specification,
specimens shall be taken with the axis of the specimen parallel to the thickness direction
of the bar.

Location and Size:

Longitudinal and Long-Transverse Specimens: If the product size or shape makes it
impractical to use full-section specimens, the standard 1/2 inch (12.7 mm)_round tensile
spgcimen with 2-inch (50.8-mm) gage length or a smaller, round specimen‘proportional
to $1e standard, shall be used, except that for rectangular bar 0.625 in¢h (15.88/mm)
ang under in nominal thickness, the standard %z inch (12.7 mm) wide~tectangulgr
spe&cimen or pin-loaded tensile specimen with 2-inch (50.8-mm) gage length mgy be
used. The tensile specimen shall be located at the center for product 1-¥ inchgs

(38.1 mm) and under in nominal diameter, thickness, or distance between flats and
midway from center to surface for product over 1-% inches (38.1 mm) in nomingl
thigkness.

Short-Transverse Specimens: For bar 2-% inches, (63.5 mm) and over in nomingl
thidkness, subsize round tensile specimens, praportional to the standard, shall e used
when thickness is insufficient to accommodate Standard ¥z inch (12.7 mm) round tensile
spgcimens with 2-inch (50.8-mm) gage length. Short transverse testing is not applicable
for par under 2-%2 inches (63.5 mm) in naminal thickness.

dinal
ular
ken with

Orientation: Specimens shall be.taken with the axis of the specimen in the longitu
direcfion except that, when {ong-transverse tensile properties of square or rectang
tubing are required by thesapplicable material specification, specimens shall be tg
the axis of the speciménperpendicular to the drawing or extruding direction.

I
ne use of
r
ne

f the
axially.
The Iength of full- sect|0n spemmens shall be determlned by the gage Iength specified for
measuring elongation. For large-size tubing, or when it is not possible to test in full
section, longitudinal specimens shall be obtained from strips cut from the tube. Either

% inch (12.7 mm) wide rectangular or subsize round tensile specimens, proportional to the
standard, (for thick-wall tube) shall be machined from these strips. Longitudinal strip-type
tensile specimens from welded tubing shall not include weld bead. For thick-wall tubing
for which subsize round tensile specimens are used, when the nominal wall thickness is

Longitudinal Speeimens: Specimens from round and square tubing shall be the f
sectjon of the(tubular product unless limitations of the testing machine preclude t
such specimens. Snug-fitting metal plugs shall be inserted into the ends of tubula
imens.to a sufficient depth to permit the jaws of the testing machine to grip t
|men properly Wlthout crushmg The plugs shall not extend into that portlon Q
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3.3.2.2.3.2 (Continued):

under 1-% inches (38.1 mm), specimens shall be taken midway between the inner and
outer surface of the tubing; when the nominal wall thickness is 1-%2 inches (38.1 mm) and
over, specimens shall be taken at one-quarter wall thickness, referencing from either OD
or ID.

3.3.2.2.3.3 Long-Transverse Specimens: Rectangular specimens or subsize round specimens,

proportional to the standard, shall be used for square or rectangular tubing. Rectangular
or round tensile specimens of the largest possible dimensions, proportional to the
stapdard,shallbe usedwhen standard-size epnrimnnc cannot-be gbtained.—Eor thick
walled tubing, a round tensile specimen shall be taken midway between the inhg¢r and
outer surface of the tubing when the nominal wall thickness is under 1-Y% inches
(38,1 mm); when the nominal wall thickness is 1-% inches (38.1 mm) and over, gpecimens
shgll be taken at one-quarter wall thickness, referencing from either OD lor ID.

3.3.2.2.4  Shppes:

3.3.2.2.4.1 Orientation: Specimens shall be taken with the axis of the-specimen in the longjtudinal
dirgction except that, when long-transverse tensile properties are specified in the
applicable material specification, specimens shall betaken with the axis of the gpecimen
perpendicular to the rolling or extruding direction. WWhen short-transverse tensile
properties of shapes are specified in the applicable material specification, specimens shall
be faken with the axis of the specimen parallektothe thickness direction of the ghape.

3.3.2.2.4.2 Lo¢ation and Size:

3.3.2.2.4.2.1 Longitudinal Specimens: If the product size or shape makes it impractical to use
full-section specimens, the standard %2 inch (12.7-mm) round tensile specimen| with
24nch (50.8-mm) gage length or smaller round specimen, proportional to the standard,
shall be used except that, forshapes under 0.500 inch (12.70 mm) in nominal thickness
having parallel surfaces, the standard ¥z inch (12.7 mm) wide rectangular spedimen or
pip-loaded tensile spécimen with 2-inch (50.8-mm) gage length may be used. [For
shapes from which'these machined specimens cannot be obtained and which fannot be
tepted in full sectior, a round or rectangular specimen of the largest possible djmensions
shall be usedi¢For shapes not tested in full section, specimens shall be taken from the
cdnter of the_predominant or thickest part of the shape when that predominant{nominal
dimension.is under 1-%2 inches (38.1 mm); for thicker cross-sections, the specimens
shall e-taken from a one-quarter thickness location.



https://saenorm.com/api/?name=b2e234b176a5d77578aa649621ff283e

AMS 2370G

SAE

AMS 2370G

3.3.224.22

Long-Transverse Specimens: The standard % inch (6.35 mm) round tensile specimen

with 1 -inch (25.4-mm) gage length or a smaller round specimen, proportional to the
standard, shall be used for nominal thicknesses of 3/8 inch (9.5 mm) and over. For
shapes under 3/8 inch (9.5 mm) in nominal thickness having parallel surfaces, the
standard ¥z inch (12.7 mm) wide rectangular specimen or pin-loaded tensile specimen
with 2-inch (50.8-mm) gage length shall be used. For shapes from which these
machined specimens cannot be obtained and which cannot be tested in full section, a
round or rectangular specimen of the largest possible dimensions shall be used. For
shapes not tested in full section, specimens shall be taken from the center of the
predominant or thickest part of the shape when that predominant nominal dimension is
under 1-% inches (38.1 mm); for thicker cross-sections, specimens shall be taken from

a

3.3.2.2.4.2.3 Short-Transverse Specimens: For cross-sections 2-% inches (63.5 mm) and ovq
nor
whe

(R)

spe
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3.3.2.2.5 Flash
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Stang
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3.3.2.3 Macros

3.3.2.3.1 Aircrg
3.3.2.3.1.1 Hea

3.3.23.1.11
(R)

Hd
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la
(2
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ne-gquarter nickness location.

ninal thickness, subsize round specimens, proportional to the standard; shall

cimens with 2-inch (50.8-mm) gage length. Short-transverse testing is not
icable for cross-sections under 2-Y% inches (63.5 mm) in nominal thickness.

hplicated Shapes: Size, location, and direction of tensile, specimens shall be
bed upon by purchaser and vendor.

heat-affected zone, with the axis of the specimén in the circumferential direc
ard ¥ inch (12.7 mm) round tensile specimens with 2-inch (50.8-mm) gage |
ze round specimens, proportional to the;standard, shall be used. The tensilg
men shall be located at the center far\product 1 -% inches (38.1 mm) and un
nal thickness, diameter, or distance between flats and midway from center to
pduct over 1-% inches (38.1 mm).

fructure: Shall be as follows)

ft Quality (Static or Strand Cast):

Quialification:

bats of Top Poured Ingots: Full cross-sectional samples shall be taken from
mi-finished or finished product representing the top and bottom of the first in

t usable'ingot from heats having not more than 10 ingots or not over 30 tong
V215 kg) or from portions of heats within these limits, and from the top and &

n thickness is insufficient to accommodate standard 1/2 inch (12Z-mm) rour|

Welded Rings: Specimens shall be taken from“parent metal, not including the

Brin
be used
d tensile

as

ion.
ength or

Her in
surface

jot and

ottom of
/er 30

'Fircf' mir‘lr‘lln, andlast usable. ingnf of heats h:\\/ing more than 10 ingnf: orol

tons (27,215 kg).
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3.3.2.3.1.1.2 Heats of Bottom Poured Ingots: Full cross-sectional samples shall be taken from

(R) semi-finished or finished product representing the top and bottom of three ingots. One
ingot shall be taken at random from the first usable plate poured, one ingot at random
from the usable plate poured nearest to the middle of the heat, and one ingot at random
from the last usable plate poured. When a heat is constituted by two usable plates, two
of the sample ingots shall be selected from the second usable plate poured. When a
heat consists of a single usable plate, any three random ingots shall be selected.

3.3.2.3.1.1.2.1 If there are less than three ingots in the heat, full cross-sectional samples shall be
(R) taken representing the top and bottom of all ingots.

3.3.2.3.1.1.3 Strapd Cast Heats: Full cross-sectional samples shall be taken from semi-finished or

(R) finislhed product having at least a 3:1 reduction in cross-section from the cast strgnd, or
samples of the as-cast strand similarly reduced, representing the front, middle, arjd back
of bath strands when two strands are cast, or of an inside strand and atoutside strand
wher) more than two strands are cast. When a single strand is cast;;Six samples having
at legst a 3:1 reduction from the cast strand, or samples of the cast strand similarly
reduged, representing both ends of the first, middle, and last usable cuts (blooms) of the
strand or product shall be taken.

3.3.2.3.1.2 Prodpct Qualification: Full cross-sectional samples shall\be taken at random fron) not less

(R) than [L0% of the pieces of each lot. A lot for this purpese shall be all product of one size
from|one heat in one shipment. Not less than three“hor more than ten samples shall be
selegted from a lot, except that if the quantity in the lot is less than three pieces, gne
sample shall be taken from each piece.

Aircraft-Quality:

3.3.2.3.2.1 Heat Qualification: Full cross-sectional samples shall be taken from semi-finished
(R) or finished product representing the top and bottom of each consumable remelted ingot.

3.3.2.3.2.2 Produgt Qualification: Full.cross-sectional samples shall be taken at random from not less

(R) than 10% of the pieces of each lot. A lot shall be all product of one size from one heat in
one shjpment. Not less_than three nor more than ten samples shall be selected from a lot,
exceptlthat if the quantity in the lot is less than three pieces, one sample shall be taken
from eaqch piece;

3.3.2.4 Micro-inclusion\Rating:

3.3.2.4.1 Aircraft-Qual or Bearing-Applics
product specified for macrostructure in 3.3.2.3.1.

3.3.2.4.2 Premium Aircraft-Quality: Sampling for heat qualification is described herein. If product
(R) qualification of steel which has not been heat qualified is involved, sampling shall be as
agreed upon by purchaser and vendor
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