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QUALITY ASSURANCE SAMPLING AND TESTING OF

ALUMINUM ALLOYS AND MAGNESIUM ALLOYS

Wrought Products (Except Forging Stock) and Flash Welded Rings

Metric (SI) Units

1, SCOPE: his specification covers quality assurance sampling and sting
procedures which shall be used to determine conformance to applicaple
specification requirements of wrought aluminum alloy and wrxought gnesium
alloy mill products (except forging stock) and flash weldeéd rings [specified
in metri¢ (SI) units. AMS 2355 is the equivalent, specified in inch/pound

units, of this MAM,

2. APPLICABLE DOCUMENTS: The following publication$) form a part of this
specification to the extent specified herein. \The latest issue of| Aerospace
Material |Specifications shall apply. The applicable issue of otheyr documents

shall be|as specified in AMS 2350.

2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,

PA 1509%6.

2.1.,1"° Aerospace Material Specifications:

AMS 2350 -~ Standards and Test Methods

2.2 ASTM Publications: Available from American Society for Testing and

Materials, 1916 Race(Street, Philadelphia, PA 19103,

ASTM B342 - Electrical Conductivity by Use of Eddy Currents

ASTM B5%7M - Tension Testing Wrought and Cast Aluminum- and Magnejsium-Alloy

Products (Metric)

ASTM B645. \= Plain Strain Fracture Toughness Testing of Aluminum |Alloys

ASTM E10 — Brinell Hardness of Metallic Materials

ASTM E34 -~ Chemical Analysis of Aluminum and Aluminum Alloys

ASTM E35 ~ Chemical Analysis of Magnesium and Magnesium Alloys

ASTM E55 - Sampling Wrought Nonferrous Metals and Alloys for Determination

of Chemical Composition

SAE Technical Board 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.”

by any means is strictly prohibited without the written consent of the publisher.

AMS documents are protected under United States and international copyright laws. Reproduction of these documents

Copyright 1985  Society of Automotive Engineers, Inc.
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2.2

ASTM E227
ASTM E290
ASTM E561
ASTM G34

ASTM G47

(Continued):

Optical Emission Spectrometric Analysis of Aluminum
Aluminum Alloys by the Point-to-Plane Technique

R-Curve Determination

Aluminum Alloys (EXCO Test)

High-Strength Aluminum Alloy Products

and

Semi-Guided Bend Test for Ductility of Metallic Materials
Exfoliation Corrosion Susceptibility in 2XXX and 7XXX Series

Determining Susceptibility to Stress—Corrosion Cracking of

U.S.

lovernment Publications:

Publid

2.3.1 Mili

ations and Forms Center, 5801 Tabor Avenue, Philadelphday

tary Standards:

MIL-A

3. TECHNI(

STD-1537 - Electrical Conductivity Test for Measurement o
Treatment of Aluminum Alloys, Eddy Current Mg

AT, REQUIREMENTS:
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sion from this specification of .confirmatory tests of cer!
erties or attributes controlled by the applicable specifi
uct does not relieve the vendor of responsibility for fur
ucts which conform in all, &espects to the applicable mate]
ification.

vent of conflict between the requirements specified hereij
irements of a particular material specification, the foll
1 apply:

en the requirements of the material specification are moxsg

ey shall<{take precedence.

ecedence except as noted in 3.1.2.3.

Available from Commanding Officer
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PA 19120,
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stringent,

en the. requirements of this MAM are more stringent, they s$hall take

3.1.2.3

specification, they shall not be considered a requirement.

3.1.2.4

If any tests mentioned in 3.3.2 are not required by the material

When instructions are issued by purchaser regarding quality assurance

sampling procedures, such instructions shall take precedence over the

e

quirements of either this specification or the particular

specification in which this specification is invoked.

Responsibility for Tests:

The vendor of the product shall supply all

samples for vendor's tests and shall be responsible for performing all
required tests.
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3.3 Detail Requirements:

3.3.1

Inspection Lot:

3.3.1.1 Wrought Alloy Products {(Excluding Flash Welded Rings):

3.3.1.

3.3.1.

3.3.1.

3.3.2

3.3.2.

3.3.2.

3.3.2.

3.3.2.

3.3.2.

1.1

For heat-treated tempers, an inspection lot shall be an identifiable
quantity of product of the same mill form, alloy, temper, section, and
size traceable to a heat treat lot (See B8.3.3) or lots, and presented
for vendor's inspection at one time. All sheet and plate of the same
thickness is considered to be of the same size.

1.2

2 F

For non-heat-treated tempers, an inspection lot shall. ‘be Ln
identifiable quantity of product of the same mill form, ajlloy, temper,
section, and size presented for vendor's inspectiof’at one time.

lash Welded Rings: An inspection lot shall cohsist of alll rings of the

S4
S4
el
t

ime.

SamIling:
1 Chemical Analysis:

ime alloy, cross—sectional configuration, and‘size heat trpated in the
ime batch furnace load or in a continuousfurnace during al period of
lght consecutive hours and presented for{xendor's inspectipn at one

1.1

1.2

1.3

Cast Unit: Producer shall-take at least one control samplle before and
at least one additional‘sample during the casting of each| cast unit
(units, if cast simultaneously from the same molten metal| source).
Complete analysis recdords shall be available for review at the
producer's plant.\\ (See 8.1).

Finished Product (Excluding Forgings and Flash Welded Rings): When
complianceswith 3.3.2.1.1 cannot be established, one sampjle shall be
taken for{each 2,000 kg, or fraction thereof, of each allpy in an

inspection lot.

Forgings: When compliance with 3.3.2.1.1 cannot be established,

1.4

L campling—shall be as follows: one sample shall be taken Ifor each

1,000 kg, or fraction thereof, in a lot of forgings having a nominal
weight of 2.5 kg and under; one sample shall be taken for each 3,000
kg, or fraction thereof, in a lot of forgings having a nominal weight
greater than 2.5 kilograms.

Flash Welded Rings: Unless a report showing conformance of chemical
composition to the applicable material specification is available on
the stock used for flash welded rings, one sample shall be taken for
each 3,000 kg, or fraction thereof, in a lot: however, not more than
one sample is required from a piece.
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3.3.2.2

/

Tensile Properties: The location from which the sample is taken shall

3.3.2.2.1

3.3.2.2.2

3.3.2.2.3

3.3.2.2,4

3.3.2.2.5

3.3.2.2.6

3.3.2.3

3.3.2.3.1

be as specified in 3.3.3 for the type of test and type of product being
tested. The orientation with respect to direction of predominant grain
flow shall be as specified in the applicable material specification or,
if not specified therein, shall be as specified in 3.3.3. The samples
shall be taken from randomly selected pieces of the product. Only one
tensile specimen shall be taken from any one piece when more than one
piece is available. Unless otherwise specified, the number of samples
shall be as specified herein for the type of product being tested.
Product in the annealed (-0) temper of heat-treatable alloys shall have
additional samples taken, equal in number to those specified for the
product herein, for subsequent heat treatment and testing o demonstrate
rpsponse to heat treatment, when specified in the applic¢ablle material
specification. -

Sheet: One sample shall be taken from each end . of each garent coil
but not more than one sample for each 1,000 kg or fractign thereof, in
a lot shall be required.

Plate: One sample shall be taken from<ach end of each garent plate
but not more than one sample for each:\2,000 kg, or fractilon thereof,
in a lot shall be required.

Wire, Rod, Bar, Shapes, Tubing,, and Pipe: For products Having a
nominal weight of 1.7 kg and ainder per linear m, one samgle shall be
taken for each 500 kg, or fraction thereof, in a lot. Fqr products
having a nominal weight gtéater than 1.7 kg per linear m, one sample
shall be taken for each!-300 m, or fraction thereof, in a |lot.

Die Forgings: For die forgings having a nominal weight gf 2,5 kg and
under, one sample shall be taken for each 1,000 kg, or fyaction
thereof, in aTot. For die forgings having a nominal weilght over

2.5 kg, one sample shall be taken for each 3,000 kg, or flraction
thereof, inta lot.

Hand Forgings: One sample shall be taken for each 3,000 |kg, or
fraction thereof, in a lot.

Flash Welded Rings: One sample shall be taken from parent metal, not
including the weld-heat-affected zone, of a flash welded ring
representing the lot.

Examination:

Dimensional and Workmanship Inspection: Each piece shall be inspected
to determine conformance to the applicahle material specification with
respect to workmanship and identification marking. Inspection for
dimensions shall be made to ensure conformance to specified
tolerances. The vendor may use a system of statistical quality
control for dimensional, marking, and workmanship inspection.
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3.3.2.4 Co

MAM 2355

nductivity Testing: When specified, conductivity testing for

co
sa

3.3.2.5 st

rrosion acceptance criteria purposes shall be performed on the same
mples from which tensile property specimens are obtained.

ress-Corrosion and Exfoliation-Corrosion Testing: Sampling for

st

ress-corrosion and exfoliation-corrosion testing shall initially

consist of two samples for each 2,000 kg or fraction thereof from each

of
ta
Th

ap

the first three production lots for each size range listed in the
ble of tensile properties in the applicable material specification.
ereafter, periodic testing shall be performed in accordance with the
plicable material specification.

3.3.2.6 Fr

acture Toughness Testing: Unless otherwise specified;'sampling for

fr

vegndor.

3.3.3 Tens

acture toughness testing shall be as agreed upon by ‘purchaser and

ile Specimen Orientation, Location, and Size: X Tensile specimens shall

be ¢
sped

3.3.3.1 sh

ut from the product in the direction shown/below, unless o¢therwise
ified, and shall be cut from the locations‘)and to the sizes specified.

eet and Plate:

3.3.3.1.1

3.3.3.1.1.1

3.3.3.1.1.2

Orientation:

Aluminum: For non-heat-treatable aluminum alloys, tensile specimens
shall be taken parallel té“the direction of rolling. For
heat-treatable aluminum<alloys, tensile specimens shall|be taken
perpendicular to the direction of rolling from widths 225 mm and
over, and parallelto the direction of rolling from widths under 225
millimetres. When short-transverse tensile properties are specified
and are to be determined, short-transverse tensile specimens shall
be taken with axis of specimen parallel to the thicknes$ direction
of the product. -

Magnesitm: For magnesium alloys, tensile specimens shall be taken
parallel to the direction of rolling. When short-transyerse tensile
properties are specified and are to be determined, shorg-transverse
ténsile specimens shall be taken with axis of specimen parallel to

3.3.3.1.2

. . . 9 .
tl’e bhtek"!ess &tieettoh Of t*le P OaeTS

Location and Size of Tensile Specimen:
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3.3.3.1.2.1 Longitudinal and lLong-Transverse Specimens: The standard 12.5 mm
wide rectangular tensile specimen or pin-loaded tensile test

specimen with 50 mm gage length of ASTM B557M shall be used for
sheet and plate 12.50 mm and under in thickness. For plate over
12.50 mm in thickness, the standard 12.5 mm round tensile specimen
with 62.5 mm gage length of ASTM B557M or a smaller round specimen
proportional to it shall be used. The tensile specimen shall be
taken midway between the two surfaces of plate over 12.50 mm to
40.00 mm, incl, in thickness and midway between the center and
surface of plate over 40.00 mm in thickness. Product 20 mm and
under in width shall be tested in full-section when the standard
12.5 mm round tensile specimen or a smaller round specjmen
proportional to it cannot be obtained, in which case)élongation
requirements shall not apply.

3.3.3.1.2.)2 Short-Transverse Specimens: For plate over 40,00 mm in thickness,
sub-size specimens as specified in 3,3.4.3 ‘shall be usId. The

tensile specimens shall be centered midway-between the |two surfaces

of the plate.

3.3.3.2 Wire, Rod, and Bar:

3.3.3.2.1 | Orientation:

3.3.3.2.1J1 Aluminum and Magnesium: Tensile specimens shall be taken in the
longitudinal direction, except that when long-transverge tensile
properties are specified and are to be determined, the|tensile
specimens shall be taken perpendicular to the rolling ¢r extruding
direction. When short-transverse tensile properties are specified
for rectangular .bar and are to be determined, short-trgnsverse
tensile specimens shall be taken with axis of specimen|parallel to
the thicknes$s)direction of the bar.

3.3.3.2.2 | Location _and Size of Tensile Specimens:

3.3.3.2.2J1 Longitudinal Specimens: If size or shape of product mgkes it
impractical to use full-section tensile specimens, the|standard

I2.5 mm round tensile specimen with 62.5 mm gage length of
imen i it shall be

used, except that for rectangular bar 12.5 mm and under in
thickness, the standard 12.5 mm wide rectangular tensile specimen or
pin-loaded tensile specimen with 50 mm gage length of ASTM BS557M may
be used. For product not tested in full-section, the tensile
specimen shall be taken from the locations specified in Table I.
Elongation and yield strength requirements do not apply to wire

3.20 mm and under in diameter or thickness.
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TABLE I

Location of Axis of Longitudinal Tensile Specimen
in Rod and Bar
Location of Axis of Specimen
With Respect to Thickness (T)

3.3.3.2.2.

3.3.3.2.2,

3.3.3.3 T
3.3.3.3.1

3.3.3.3.,1.

Section Thickness and Width (W) of Section
or Width, Millimetres Thickness . Width
Up to 40.00, incl T/2 W/2
Over 40.00 T/4 W/4

P Long-Transverse Specimens: The standard 12.5 mm wide rlectangular
tensile specimen or pin-loaded tensile test specimen wilth 50 mm gage
length of ASTM B557M shall be used for bar 12,5’mm and [under in
thickness and 200 mm and over in width. Foxr bar over }§2.5 mm in
thickness, the standard 12.5 mm round tensile specimen [with 62.5 mm
gage length of ASTM B557M or a smaller/round specimen proportional
to it shall be used. The axis of the( ténsile specimen [shall fall in
the plane midway between the two surfaces of bar over 12,50 mm to
40,00 mm, incl, in nominal thickness and midway between the center
and surface of bar over 40.00 mm<in nominal thickness.

B Short-Transverse Specimens: For rectangular bar over 40.00 mm in
thickness, sub-size specimens as specified in 3.3.4.3 sghall be
used. The tensile speeimens shall be taken at the centler of the bar
with respect to both thickness and width.

hbing:

Orientation:

] Drawn Aluminum and Extruded Aluminum and Magnesium: Tensile
specimenis shall be taken in the longitudinal direction,| except that
when\\long-transverse tensile properties are specified r square or
réctangular tubing and are to be determined, the tensi specimens
shall be taken perpendicular to the direction of drawinlg or

extrusion,

3.3.3.3.2

Location and Size of Tensile Specimens:

3.3.3.3.2.1 Longitudinal Specimens: Tensile specimens from round tubing

50.00 mm and under in nominal OD and from square tubing 40.00 mm and
under on a side shall be the full-section of the tubing unless the
limitations of the testing machine preclude the use of such a
specimen. For tubing of larger size, or when it is not possible to
test the full-section, the standard 12.5 mm wide rectangular tensile
specimen or pin-loaded tensile specimen with 50 mm gage length; or
standard 12.5 mm round tensile specimens with 62.5 mm gage length;
or standard 12.5 mm longitudinal tensile specimen for large-diameter

7
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3.3.3.3.2.1

3.3.3.3.2.2

3.3.3.4 Shppes:

3.3.3.4.1

3.3.3.4.1.1

}rientation:

(Continued)

tubular products of ASTM B557M may be used. When thé si
product makes it impractical to use any of these specime
specimens proportional to the standard 12.5 mm round ten
specimen of ASTM B557M shall be used.
thickness of 40.00 mm and under not tested in full-secti

tensile specimen shall be taken from the center of the wall.

ze of the
ns, round
sile

For tubing having a wall

on, the
For

tubing having a wall thickness over 40.00 mm, the specimen shall be

taken midway between the center of the wall thickness an

d the inner

__or outer surface of the tubing.

Long-Trangverge Specimens: The standard 12.5 mm round 4
specimen with 62.5 mm gage length of ASTM B557M or' a sma

ensile
ller round

specimen proportional to it shall be used for thickness
and over and having widths of 60 mm and over, &xcept th
or rectangular tubing 12,50 mm and under in _thickness,

12,5 mm wide rectangular tensile specimen/or pin-loaded
specimen with 50 mm gage length of ASTM{B557M may be us
tubing from which these machined specimens cannot be ob

s of 10 mm

t for square
e standard
tensile

d. For

ained, a

round or rectangular specimen of the\largest possible dimensions

shall be used. For tubing having-a‘wall thickness of 44
under, the tensile specimen shall be taken from the cent
wall. For tubing having a wall thickness over 40.00 mm,
specimen shall be taken midway between the center of the
thickness and the inner or outer surface of the tubing.

Aluminum and-‘Magnesium: Tensile spécimens shall be take
longitudinal-direction, except that when long-transverss
properties are specified and are to be determined, tensi
shall /be. taken perpendicular to the extruding direction.
short=transverse tensile properties are specified for sh
to'be determined, short-transverse tensile specimens shs
with axis of specimen parallel to the thickness directig

.00 mm and
er of the
the

wall

n in the
tensile

le specimens
When

apes and are

11 be taken

n of the

3.3.3.4.2

Location and Size of Tensile Specimens:

1
buayc .

Shall be as in 3.

3.3.4.2.1

through 3.3.3.4.2.3 except that size, location, and orientation of
tensile specimens from complicated shapes shall be as agreed upon by
purchaser and vendor.

3.3.3.4.2.1

Longitudinal Specimens:

If the size or shape of product makes it

impractical to use full-section tensile specimens, the standard

12.5 mm round tensile specimen with 62.5 mm gage length
ASTM B557M or smaller round specimen proportional to it

of
shall be

used, except that for shapes 12.50 mm and under in thickness having
parallel surfaces, the standard 12.5 mm wide rectangular tensile
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3.3.3.4.2.7
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(Continued):

specimen or pin-loaded tensile test specimen with 50 mm gage length
of ASTM BS557M may 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. The tensile specimen shall be
taken from the predominant section of the shape and from the
location which most nearly complies with Table II. Elongation
requirements do not apply to specimens from shapes under 1.60 mm in
thickness or to round or rectangular specimens of non-standard
proportions.

TABLE II

Location of Axis of Longitudinal Tensile Test ‘Specimen
in Extruded Shapes

Location of Axis)of Specimen
With Respect-%0 Thickness (1))

Section Thickness and Width (W)  of Section
or Width, Millimetres Thickness width
Up to 40.00, incl T2 W/2
Over 40.00 T/4 w/4

Long-Transverse Specimens: The standard 12.5 mm round [tensile

3.3.3.4.2.3

specimen with 62.5 mmgage length of ASTM B557M or a smaller round
specimen proportional”to it shall be used for thicknesses of 50 mm
and over and having/ widths of 60 mm and over, except that for shapes
12.50 mm and urder in thickness having parallel surfaces, the
standard 12.5 'mm wide rectangular tensile specimen or pgin-loaded
tensile spécimen with 50 mm gage length of ASTM B557M may be used.
For shapesfrom which these machined specimens cannot He obtained, a
round .0r-rectangular specimen of the largest possible dimensions
shali‘be used. The tensile specimens shall be taken fyom the center
of the predominant section of the shape with respect tq both
thickness and width. Elongation requirements do not apply to

i han 1.60 mm in thickness of to round oxr
rectangular specimens of non-~standard proportions.

Short-Transverse Specimens: For shapes over 40.00 mm in thickness,

sub-size specimens as specified in 3.3.4.3 shall be used. The
tensile specimens shall be taken from the center of the predominant
section with respect to both thickness and width.

3.3.3.5 Die Forgings:

3.3.3.5.1 Orientation:
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3.3.3.5.1.1 Aluminum and Magnesium: Tensile specimens shall be taken parallel
to the direction of grain flow, except that when tensile properties
are required to be determined in other directions, the tensile
specimens shall be taken in the specified direction. Unless
prohibited by the material specification tensile specimens may be
taken from a prolongation on the forging or from coupons
separately-forged from the same stock used to produce the forgings.

3.3.3.5.2 Location and Size of Tensile Specimens:

3.3.3.5.2.1 Specimens Parallel to Grain Flow: The standard 12.5 mm round
tensile specimen with 62.5 mm gage length of ASTM B557M or a smaller
round specimen proportional to it shall be used for{settion
thicknesses over 12.50 millimetres. Smaller round -8pe¢imens
proportional to the standard 12.5 mm tensile speCimen $r rectangular
tensile specimens of ASTM B557M shall be used.for sectjon
thicknesses 8.00 mm through 12.50 mm, inclusive. Rect ngular
tensile specimens of ASTM B557M shall be used for sectjon
thicknesses under 8.00 millimetres. Ten§ile specimen $hall be taken
at the center of the predominant section with respect to both
thickness and width.

3.3.3.5.2.2 Specimens Not Parallel to Grain.Plow: Sub-size specim¢ns as

specified in 3.3.4.3 shall be used. Tensile specimens|shall be
taken from the location specified on the engineering drawing or
otherwise specified by purchaser.

3.3.3.6 Hpnd Forgings:

3.3.3.6.1 | Orientation:

3.3.3.6.1.L Aluminum and Magnesium: Tensile specimens shall be taken in the
long-transverse direction, except that when longitudindl tensile
properties-are specified and are to be determined, the|tensile
specimens shall be taken parallel to the forging directtion. When
shoxt-transverse tensile properties are specified and are to be
determined, short-transverse tensile specimens shall bg taken with
the axis of the specimen parallel to the thickness direction of the
hand forging.

3.3.3.6.2 Location and Size of Tensile Specimens:

3.3.3.6.2.1 Longitudinal Specimens: The standard 12.5 mm round tensile specimen
with 62.5 mm gage length of ASTM B557M or a smaller round specimen
proportional to it shall be used. The tensile specimen shall be
taken so that its axis coincides with the longitudinal center line
of the hand forging and the distance from the midpoint of its axis
to the end of the hand forging is at least one-half the thickness of
the hand forging.

1o|
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