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2.1.1 Aerospace Material Specifications:

AMS-2201 - Tolerances, Aluminum-and Aluminum Alloy Bar, Rod, Wire, and
Forging Stock, Rolled or Cold Finished

MAM-2201 - Tolerances, Metric, Aluminum and Aluminum Alloy Bar, Rod, Wire,
and Forging Stock, Rolled, Drawn, or Cold Finished

AMS-2355 - Quality Assurance Sampling and Testing of Aluminum Alloys and
Magnesium Alloys, Wrought Products (Except Forging Stock)
and Flash Welded Rings

MAM-2355 - Quality Assurance Sampling and Testing of Aluminum Alloys and

Flash Welded Rings, Metric (SI) Units
5 ~ Fluorescent Penetrant Inspection
AMS-2808 - Identification, Forgings

2.1.2 Aerospace Recommended Practices:

ARP823 |~ Minimizing Stress-Corrosion Cracking in Wrought Heat-Jreatable
Aluminum Alloy Products

2.2 ASTM Publications: Available from ASTM, 1916:Race Street, Philadelphia, PA
19103-1147.

ASTM B 640 - Packaging/Packing of Aluminum and Magnesium Product

2.3 U.S. Govdrnment Publications: Available from Standardization Doc¢uments
Order Degk, Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

2.3.1 Militaqy Specifications:
MIL-H~-6088 - Heat Treatment of Aluminum Alloys

2.3.2 Militany Standards:
MIL-STD-2154 - Inspection, Ultrasonic, Wrought Metals, Process |for

3.  TECHNICAL| REQUIREMENTS:

3.1 Composition? Shall conform to the following percentages by weight,
® determined in accordance with AMS-2355 or MAM-2355:

min max
Copper 3.9 -5.0
Silicon 0.50 - 1.2
Manganese 0.40 - 1.2
Magnesium 0.20 - 0.8
Iron - 0.7
Zinc —_— 0.25
Titanium - 0.15
Chromium - 0.10
Other Impurities, each - 0.05
Other Impurities, total - 0.15 .
Aluminum remainder
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3.2 Condition:

The product shall be supplied in the following condition:

3.2.1 Die Forgings, Hand Forgings, and Rolled Rings: Solution and precipitation
heat treated in accordance with MIL-H-6088. .
3.2.2 Forging Stock: As ordered by the forging manufacturer.
3.3 Properties: The product shall conform to the following requirements,
® determined in accordance with AMS-2355 or MAM-2355:
3.3.1 Die Forgings, Hand Forgings, and Rolled Rings:
3.3.1.1 Tensfile Properties: Shall be as follows:
3.3.1.1.1 Dip Forgings:
3.3.1.1.1.1 HWith Grain Flow: Specimens, machined from forgings 4 ipches (102 mm)
0 and under in nominal thickness at time of heat treatment or from
prolongations on such forgings, with axis{of specimen ih the area of
gage length varying not more than 15 degrees from paralflel to the
Forging flow lines shall have the properties shown in Tphble I
provided the as-forged thickness is: not more than twice| the heat
treated thickness.
TABLETT
Nominal Thickness at Tensile Yield Strength Elongation
Time of Heat Treatment Strength at 0.2% Offset in 4D
Inches psi, min psi, min %, min
Up to 2,~incl 65,000 56,000 6
Over 2 to 3, -incl 65,000 55,000 6
Over 3 ton4, incl 63,000 55,000 6
TABLE I (¢SI)
Nominal Thickness at Tensile Yield Strength Elongation
Time of Heat Treatment Strength at 0.27 Offset in 4D
Millimetres MPa, min MPa, min %, min
Up to 51, incl 448 386 6
Over 51 to 76, incl 448 379 6
Over 76 to 102, incl 434 379 6
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3.3.1.1.1.2 Across Grain Flow; Specimens, machined from forgings 4 inches

3.3.1.1.1.2.1

3.3.1.1.1.3 A

(102 mm) and under in nominal thickness at time of heat treatment or
from prolongations on such forgings, with axis of specimen in the
area of gage length varying not more than 15 degrees from
perpendicular to the forging flow lines, shall have the properties
shown in Table II provided the as-forged thickness is not more than
twice the heat treated thickness. If configuration of the forging or
prolongation cannot accommodate the transverse specimen described,

acceptance of the forging shall be based on testing as in 3.3.1.1.1.3.
TABLE IT
Nominal Thickness at Tensile Yield Strength Elongation
Time of Heat Treatment Strength at 0.2% Offset in 4D
Inches psi, min psi, min= - %, min
Up to 1, incl 64,000 55,000 3
Over 1 to 2, incl 64,000 55,000 2
Over 2 to 4, incl 63,000 54,000 2

TABLE II (SI)

Nominal Thickness at Tensile Yield Strength Elongation
Time of Heat Treatment Strength at 0.2% Offset in 4D
Millimetres MPa, min MPa, min %, min
Up to 25, incl 44 379 3
Over 25 to 51, incil 441 379 2
Over 51 to 102, incl 434 372 2

Elongation requirements shall not apply to specimens having a gage
Tength diameter less than 0.250 inch (6.35 mm) or to specimens
machined-from locations in immediate proximity to an abrupt change
in thickhess or from locations such that any part of the specimen
gage-length is located within 1/8 inch (3.2 mm) of the |trimmed
flash line.

ngle _ i hhe ngs 4 inches,
(102 mm) and under in nom1na1 thickness at time of heat treatment or
from prolongations on such forgings, with the axis of specimen in the
area of gage length varying more than 15 degrees from parallel and
also more than 15 degrees from perpendicular to the forging flow
Tines, shall have the properties shown in Table II provided the
as-forged thickness is not more than twice the heat treated
thickness. Such test results shall be identified as neither
Tongitudinal nor transverse tensile properties.
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3.3.1.1.2 Hand Forgings: Specimens, machined from forgings 8 inches (203 mm) and
under in nominal thickness at time of heat treatment and having an
essentially square or rectangular cross-section, shall have the

properties shown in Table III provided the as-forged thickness does not
exceed 8 inches (203 mm).

TABLE III
Nominal Thickness at Tensile Yield Strength Elongation

Time of Heat Treatment Specimen Strength at 0.2% Offset ;n 4D

—Inches — Orientation psi;—min— psi, min L, min
Up to 2, incl Longitudinal 65,000 56,000 8
Long-Trans. 65,000 56,000 3
Over 2 to 3, incl Longitudinal 64,000 56,000 8
Long-Trans. 64,000 55,000 3
Short-Trans. 62,000 55,000 2
Dver 3 to 4, incl Longitudinal 63,000 55,000 8
Long-Trans. 63,000 55,000 3
Short-Trans. 61,000 54,000 2
Dver 4 to 5, incl Longitudinal 62,000 54,000 7
Long-Trans. 62,000 54,000 2
Short-Trans<*~ 60,000 53,000 1
Dver 5 to 6, incl Longitudinal 61,000 53,000 7
Long-Trans. 61,000 53,000 2
Short=Trans. 59,000 53,000 1
Dver 6 to 7, incl Longitudinal 60,000 52,000 6
Long-Trans. 60,000 52,000 2
Short-Trans. 58,000 52,000 1
Dver 7 to 8, incl Longitudinal 59,000 51,000 6
Long-Trans. 59,000 51,000 2
Short-Trans. 57,000 51,000 1
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Nominal Thickness at

Time of Heat Treatment Specimen

TABLE III (SI)

Tensile

Yield Strength Elongation

Strength at 0.2% Offset in 4D

Millimetres Orientation MPa, min MPa, min %, min
Up to 51, incl Longitudinal 448 386 8
Long-Trans. 448 386 3
Over 51 to 76, incl Longitudinal =~ 441 386 8
Long~Trans. . 441 379 3
Short—Trans— 427 379 2
Ovér 76 to 102, incl Longitudinal 434 379 8
Long-Trans. 434 379 3
Short-Trans. 421 372 2
Over 102 to 127, incl Longitudinal 427 372 7
Long-Trans. 427 372 2
Short-Trans. 414 365 1
Ovgr 127 to 152, incl Longitudinal 421 365 7
Long-Trans. 421 365 2
Short-Trans. 407 365 1
Ovgr 152 to 178, incl Longitudinal 414 359 6
Long-Trans. 414 359 2
Short-Trans,; 400 359 1
Ovdr 178 to 203, incl Longitudinal 407 352 6
Long-Trans. 407 352 2
Short-Trans. 393 352 1
3,.3.1.1.3 Rollled Rings: Specimens, machined from rings 3.0 inches (J6 mm) and
under in nominal wall thickness at time of heat treatment with axis of
specimen approximately-tangential to the ring OD (axis parallel to
dinection of rolling) or with axis approximately parallel to axis of
the ring (transverse to direction of rolling), shall have the
properties shown_in Table IV.
TABLE IV
Nominal|l Wald
Thickness| at Time Tensile Yield Strength Elongation
of Heat T V; in 4D
Inches Orientation psi, min psi, min %, min
Up to 2.5, incl Tangential 65,000 55,000 7
Axial 62,000 55,000 3
Over 2.5 to 3.0, incl Tangential 65,000 55,000 6
Axial 62,000 52,000 2
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TABLE IV (SI)
Nominal HWall

Thickness at Time Tensile Yield Strength Elongation

of Heat Treatment Specimen Strength at 0.2% Offset in 4D

Millimetres Orientation MPa, min MPa, min %, min
Up to 64, incl Tangential 448 379 7
Axial 427 379 3
Over 64 to 76, incl  Tangential 448 379 6
Axial 427 359 2

3.3.1.1.4 Spe¢ u e Forgings: Tensile property requirements for specimens

cut|from special purpose forgings or from forgings or roilled rings
beypnd the size and configuration limits of 3.3.1.3.1, 3.3{1.1.2, and
3.3{1.1.3 shall be as specified on the drawing or“as agreed upon by
purchaser and vendor.

3.3.1.2 Hardness: Should be not lTower than 120 HB/407/500 or 125 HB/10/1000 but
0 the ffrg1ngs or rolled rings shall not be.rejected on the bagis of
hardness if the applicable tensile property requirements are|met.

3.3.1.3 Grain|flow of die forgings, except in-areas which contain flash-line end

grain| shall follow the general contour of the forgings show{ng no
evidence of re-entrant grain flow.

3.3.2 Test Specimens: Specimens machined from separately-forged coupons or from
forging|stock representing the’ forgings and, in either case, heat treated
with th¢ forgings, shall have the following tensile properties

Tensile|Strength, minimum 65,000 psi (448 |MPa)
Yield Strength at 0.2%, Offset, minimum 56,000 psi (386 |MPa)
Elongatjon in 4D, . minimum 8%

3.3.3 Forging|Stock:' HWhen a sample of stock is forged to a test coupon, with a
0 degree oOf mgchnical working not greater than that of the forgings, and
heat treated in the same manner as forgings, specimens taken fiom the heat
treatechoupon shall conform to the requirements of 3.3.1.2 and 3.3.2. If
specimens taken from the stock after heat treatment in the same manner as
forgings conform to the requirements of 3.3.1.2 and 3.3.2, the tests shall
be accepted as equivalent to tests of a forged coupon.

3.4 Quality: The product, as received by purchaser, shall be uniform in quality
and condition, sound, and free from foreign materials and from imperfections
detrimental to usage of the product.

3.4.1 Hhen specified, each die forging and rolled ring shall be etched to
0 produce a surface suitable for visual inspection. Surfaces shall be
evaluated for defects, such as seams, laps, bursts, and quench cracks.
Surface imperfections which can be removed so that they do not reappear on

re-etching and the required section thickness can be maintained are
acceptable. 4
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3.4.2 MWhen specified, die forgings, hand forgings, and rolled rings shall be
0 ultrasonically inspected in accordance with MIL-STD-2154 or other method
acceptable to purchaser and shall meet the following requirements of
MIL-STD-2154:

3.4.2.1 Die Forgings: Class B.

3.4.2.2 Hand Forgings and Rolled Rings: Class A.

3.3.3 When specified, each forging and rolled ring shall be subjected to

acceptable to purchaser. Standards for acceptance sh

3.5 Tolerances: Forging stock shall conform to all applicable requirements of
AMS-2200I or MAM-2201. _ :

4, QUALITY ASSURANCE PROVISIONS:

4,1 Responsfibility for Inspection: The vendor of<the product shalll supply all

® samples| for vendor's tests and shall be responsible for performing all
required tests. Purchaser reserves the right to sample and to |perform any
confirmptory testing deemed necessary to-ensure that the produclt conforms to
the requiirements of this specification.

4.2 Classiflication of Tests:

4,2,1 Acceptance Tests: Tests fop'itensile properties (3.3.1.1), hardness
) (3.3.1.2), and, when specified, visual (3.4.1), ultrasonic (3/.4.2), and
fluorescent penetrant inspection (3.4.3) are acceptance tests| and shall be
performed on each lot.

4,2.2 Periodic Tests: Tests of die forgings for grain flow (3.3.1.3) and of
forging stock to.determine ability to develop required properjties (3.3.3)
are periodic tests and shall be performed at a frequency selected by the

4.3 Sampling and Testing: Shall be in accordance with AMS-2355 or MAM-2355 and
0 the fol

4,3.1 Hardness ¢(3.3.1.2): All die forgings and rolled rings.
0

4.3,2 Surface Imperfections (3.4.1), Ultrasonic Inspection (3.4.2), and
Fluorescent Penetrant Inspection (3.4.3), When Specified: All forgings

and rolled rings.
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