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6.3Cu - 0.30Mn - 0.18Zr - 0.10V - 0.06Ti (2219-T6)
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2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,

Tel: 610-832-9585, w

ASTM B 660
ASTM E 1417

ww.astm.org.

Packaging/Packing of Aluminum and Magnesium Products

Liquid Penetrant Examination

2.3  ANSI Publications

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036, Tel: 212-642-4900,

WWW.ansi.org.

ANSI H35.2
ANSI H35.2M

3. TECHNICAL REQ
3.1 Composition

Shall conform to the p

3.2 Condition
The product shall be s

3.2.1 Forgings and

Dimensional Tolerances for Aluminum Mill Products

UIREMENTS

TABLE 1 - COMPOSITION

Dimensional Tolerances for Aluminum Mill Products (Metric)

ercentages by weight shown in Table 1, determined in acgortdance with AMS 235p.

Element mirt max
Silicon & 0.20
Iron -- 0.30
Copper 5.8 6.8
Manganese 0.20 0.40
Magnesium - 0.02
Zinc - 0.10
Titanium 0.02 0.10
Vanadium 0.05 0.15
Zirconium 0.10 0.25
Other Elements, each - 0.05
Other\Elements, total -- 0.15
Aluminum remainder

ipplied-in-the following condition:

RinNgs

Solution and precipitation heat treated in accordance with AMS 2772 to the T6 temper (See AS1990).

3.2.2 Stock for Forg

ing or Rings

As ordered by the forging manufacturer.

3.3 Properties

The product shall conform to the following requirements, determined in accordance with AMS 2355:

3.3.1 Forgings

3.3.1.1 Tensile Properties

Shall be as shown in Tables 2 and 3, determined on the mill produced size.
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3.3.1.11  Die Forgings
3.3.1.1.1.1  With Grain Flow

Specimens, machined from forgings 4 inches (102 mm) and under in thickness or from prolongations on such forgings,
with axis of specimen in area of gage length varying not more than 15 degrees from parallel to the forging flow lines, shall
meet the requirements shown in Table 2.

TABLE 2 - MINIMUM TENSILE PROPERTIES

Property Value
Tensile Strength 58.0 ksi (400 MPa)
Yield Strength at 0.2% Offset 38.0 ksi (262 MPa)

3.31.11.2  Across

Specimens, machined
with axis of specimen
shall meet the require

3.31.1.1.21 The €
less t
3.3.1.1.2 Hand Forg

Specimens machined
tests need not be mad

Elongation in 4D 8%
in 5D 7%

[5rain Flow

from forgings 4 inches (102 mm) and under in thickness or frofm prolongatior
in area of gage length varying not more than 15 degrees from.perpendicular to {
ents shown in Table 3.

TABLE 3 - MINIMUM TENSILE PROPERTIES

Property Value
Tensile Strength 56.0°ksi (386 MPa)
Yield Strength at 0.2% Offset 36.0 ksi (248 MPa)
Elongation in 4D 4%
in 5D 4%

longation requirement of 3.3.1.1.1,2_applies only to test specimens having a g
an 0.250 inch (6.35 mm).

ings

from forgings 4 inche§y(102 mm) and under in thickness shall have the propertig
e in the longitudinal direction unless specifically required by purchaser.

TABLE 4A~MINIMUM TENSILE PROPERTIES, INCH/POUND UNITS

s on such forgings,
he forging flow lines

Age-length diameter

s shown in Table 4,

3.31.1.21

Tensile Yield Strength Elongation
Specimen Strength  at 0.2% Offset in 4D
Orientation ksi ksi %
Longitudinal 58.0 40.0 6
|~ | ong-Transverse 550 370 4
Short-Transverse 53.0 35.0 2

TABLE 4B - MINIMUM TENSILE PROPERTIES, Sl UNITS

Tensile Yield Strength Elongation
Specimen Strength at 0.2% Offset in 5D
Orientation MPa MPa %
Longitudinal 400 276 5
Long-Transverse 379 255 4
Short-Transverse 365 241 2

Short-transverse property requirements of Table 4 apply only to thicknesses over 2 inches (50 mm).
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3.3.1.1.3 Rolled or Forged Rings

3.3.1.1.31 Tangential

Specimens, machined from rings 2.50 inches (63.5 mm) and under in radial thickness with axis of specimen tangential to
ring OD (axis parallel to direction of rolling), shall meet the requirements shown in Table 5.

331132 Axial

Specimens, machineg
axis of the ring (axis t1

3.3.11.4 Test Sped

Tensile specimens m
either case, heat treat

imens

TABLE 5 - MINIMUM TENSILE PROPERTIES

Property Value
Tensile Strength 56.0 ksi (386 MPa)
YVield S h at 0.29% Offset 10.0 ksi (276 MP
Elongation in 4D 6%
in 5D 5%

achined from separately-forged \coupons or from stock representing the forg
ed with the forgings or rings-shall conform to the requirements shown in Table 7|

TABLE 6 - MINIMUM TENSILE PROPERTIES

Property Value
Tensile Strength 55.0.ksi (379 MPa)
Yield Strength at 0.2% Offset 37.0 ksi (255 MPa)
Elongation in 4D 4%
in 5D 4%

TABLEY. - MINIMUM TENSILE PROPERTIES

from rings 2.50 inches (63.5 mm) and under in radial thickness avith axis of specimen tangential to
ansverse to direction of rolling), shall meet the requirements shown in Table 6.

ngs or rings and, in

Property Value
Tensile Strength 58.0 ksi (400 MPa)
Yield\Strength at 0.2% Offset 38.0 ksi (262 MPa)
Elengation in 4D 10%
in 5D 9%
3.3.1.2 Hardness
3.3.1.21 Die Forgings should have hardness not lower than 100 HBVW/T0/500 or equivalent, but shall not be rejected on

the basis of hardness if the applicable tensile property requirements are met on specimens with similar nonconforming

hardness.

3.3.2 Stock for Forgings or Rings

When a sample of stock is forged or rolled to a test coupon having a degree of cold working not greater than the forging or
rings and heat treated in accordance with 3.2.1, specimens taken from the heat treated coupon shall conform to the
requirements of 3.3.1.1.4. If specimens taken from the stock after heat treatment in accordance with 3.2.1 conform to the
requirements of 3.3.1.1.4, 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.
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3.4.1 Each die forging and, when specified, each rolled or forged ring shall be caustic etched to produce a surface
suitable for visual inspection. Surfaces shall be evaluated for defects and, if defects can be removed so they do
not appear on re-etching and if the required section thickness is maintained, the forgings and rings are acceptable.

3.4.1.1 When approved by purchaser, a sampling plan may be used in lieu of etching each forging and ring.

3.4.2 When specified, forgings and rings shall be subjected to fluorescent penetrant inspection in accordance with
ASTM E 1417 and/or to ultrasonic inspection in accordance with ASTM B 594. Standards for acceptance shall be
as agreed upon by purchaser and vendor.

3.4.3 Grain flow of die forgings, except in areas which contain flash-line end grain, shall follow the general contour of the
forgings showing no evidence of reentrant grain flow.

35 Tolerances

Stock for forging or ririgs shall conform to all applicable requirements of ANSI H35.2 or ANSI|H35.2M.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility fgr Inspection
The vendor of the prdduct shall supply all samples for vendor’s tests and shall be responsible for th
required tests. Purchfser reserves the right to sample and to perform: any confirmatory testing d

ensure that the produgt conforms to specified requirements.

4.2 Classification off Tests

421 Acceptance Tests
Composition (3.1), tgnsile properties (3.3.1.1) hardness (3.3.1.2), visual inspection of each die
specified, each rolled pr forged ring (3.4.1), and, when specified ulirasonic and fluorescent penetrant

acceptance tests and,|except for composition, shall be performed on each lot.
4.2.2 Periodic Test

Tests of stock for forging or rings (3.3:2) to demonstrate ability to develop required properties and
forgings (3.4.3) are p4griodic tests and.shall be performed at a frequency selected by the vendor unlesg
is specified by purchaser.

43

Sampling and Testing

Shall be in accordancg with AMS 2355.

e performance of all
bemed necessary to

forgings and, when
nspection (3.4.2) are

for grain flow of die
frequency of testing

431 Rings

At least two tensile specimens shall be taken from a ring or ring prolongation representing the lot. One specimen shall be

tangential to the ring OD and the other parallel to the axis of the ring.
4.3.2 Surface Inspection

All die forgings and, when specified, each ring.
4.3.3 Ultrasonic and Fluorescent Penetrant Inspection

Each forging and ring, when specified.
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