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SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
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AMS2221 Tolerances, Copper and Copper Alloy Bars and Rods
AMS2750 Pyrometry
AMS2808 Identification, Forgings

2.2 ASTM Publications

Available from ASTM
Tel: 610-832-9585, ww

ASTM B 249/B 249M
and F

ASTME 3 Practi

ASTM E 8/E 8MTensipn Testing of Metallic Materials

ASTM E 18 Rocky
ASTM E 112
ASTM E 478 Chem

3. TECHNICAL REQ
3.1 Composition
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ercentages by weight:shown in Table 1, determined by wet chemical methg
rochemical metheds;or by other analytical methods acceptable to purchaser.

TABLE 1 - COMPOSITION

ken, PA 19428-2959,

oy Rod, Bar, Shapes,

ds in accordance with

3.1.1

Element min max
Beryllium 1.80 2.00
Nicketptus-Cobatt 8:26 =
Nickel plus Cobalt plus Iron -- 0.6
Aluminum -- 0.20
Silicon -- 0.20
Copper (3.1.2) remainder

Sum of Named Elements (3.1.3) 99.5 --

These composition limits do not preclude the presence of other elements. Limits may be established and analysis

required for unnamed elements by agreement between the manufacturer or supplier and purchaser.
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3.1.2 Copper may be reported as “remainder”, or as the difference between the sum of results for all elements and
100%, or as the result of direct analysis.

3.1.3 When all the elements in the table are analyzed, the sum shall be 99.5% minimum, but such determination is not
required for routine acceptance of each lot.

3.2 Condition

The product shall be supplied in the following condition:

3.2.1

Bars, Rods, and Shapes

Hot or cold worked to 4

3.2.1.1 The cross-s
are formed;
formation.

3.2.2 Forgings

Solution heat treated.

3.2.3 Stock for Forg

As ordered by the forg
3.3 Heat Treatment

Product shall be solut
minimum time of 30 m

3.4 Properties

The product shall conf
3.4.1  As Solution He
3.4.1.1 Bars, Rods,

3.4.1.1.1 Tensile Pr

Ize, solution heat treated, and cold straightened IT necessary.
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ng

ng manufacturer.

on heat treated by heating within the range 1400 to 1475 °F (760 to 802 °C

brm to the following reguirements:
bat Treated (TBQQO)
and Shapes

pperties

ingots from which they
uction of area during

, holding at heat for a

nutes, and quenching in water. Pyrometry shall be in accordance with AMS2750.
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product over 0.311 inch (7.90 mm) in nominal diameter or distance between parallel sides.

3.4.1.1.2 Maximum

TABLE 2 - TENSILE PROPERTIES

Value
85.0 ksi (586 MPa)
35%

Property

Tensile Strength, maximum
Elongation in 2 inches (50.8 mm), minimum

Average Grain Size

ement applies only to

Shall be not larger than shown in Table 3, determined in accordance with ASTM E 112. Product may be precipitation heat
treated as in 3.4.2 before examination.
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TABLE 3 - MAXIMUM AVERAGE GRAIN SIZE

Nominal Diameter Nominal Diameter
or Least Distance or Least Distance Maximum
Between Parallel Sides Between Parallel Sides Grain Size
Inches Millimeters Millimeter
Up to 1.000, excl Up to 25.40, excl 0.050
Over 1.000 to 1.500, excl Over 25.40 to 38.10, excl 0.075
Over 1.500 to 2.000, excl Over 38.10 to 50.80, excl 0.100
Over 2.000 to 3.000 excl Over 50.80 to 76.20 excl 0.125

3.4.1.2 Forgings

3.4.1.2.1 Hardness

Shall be not higher than 85 HRB, or equivalent, determined in accordance with ASTME*18.

3.4.1.2.2 Average Grain Size

Shall be as agreed upon by purchaser and vendor, determined in accordance with ASTM E 112.

3.4.1.2.3 Average Grain Flow

Grain flow of die fordings, except in areas which contain flash-line end grain, shall follow the ¢

forgings showing no eyidence of re-entrant grain flow.
3.4.1.3 Bar, Rod, Shapes, and Forgings

3.4.1.3.1 Microstrudture

Product shall contain not more than 6% beta‘phase constituent, determined at 100X magnification o

in accordance with AS[TM E 3.

3.4.2 After Precipitafion Heat Treatment

eneral contour of the

n specimens prepared

Bars, rods, shapes, and forgings_shall have the following properties after being precipitation heat tr¢ated by heating within
the range 600 to 675 °F (316 ta 358 °C), holding at heat for 3 hours + 0.25, and cooling in air.

3.4.2.1 Bars, Rods,[and Shapes

3.4.2.1.1 Tensile Properties

Shall be as shown in Table 4, determined in accordance with ASTM E 8/E 8M.
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TABLE 4 - MINIMUM TENSILE PROPERTIES
Property Value
Tensile Strength 165 ksi (1138 MPa)
Yield Strength at 0.2% Offset 140 ksi ( 965 MPa)
Elongation in 2 inches (50.8 mm) 3%
3.4.2.1.2 Hardness

Bars, rods, and shapes 0.188 inch (4.78 mm) and over in nominal diameter or least distance between parallel sides shall

have hardness not low

rejected on the basis
the same sample as tH
3.4.2.2 Forgings

3.4.2.2.1 Hardness
Shall be not lower thar

3.4.3 After Re-Solut

erthan-36-HRG-erequivalent—determined-raceordance-with- ASTM-E18—F
bf hardness if the tensile properties of 3.4.2.1.1 are acceptable, determined
at with nonconforming hardness or from another sample with similar nonconf

36 HRC, or equivalent, determined in accordance with ASTM E 18.

on and Precipitation Heat Treatment

he product shall not be
pn product taken from
brming hardness.

rmined in accordance
treated in accordance

Bars, rods, shapes, a
with ASTM E 18, after
with 3.4.2.

nd forgings shall have hardness not lower than 36 HRC, or equivalent, detg
being re-solution heat treated in accordance*with 3.3 and precipitation heat

3.4.4 Forging Stock

As agreed upon by putchaser and vendor.
3.5 Quality

Product, as received
from imperfections de

y purchaser, shall(be ‘uniform in quality and condition, sound, and free from
imental to usage.of the product.

foreign materials and

3.6 Tolerances

Bars and rods shall conformto0~AMS2221 as applicable to refractory alloys.

ANCE PROVISIONS

4. QUALITY ASSUR

4.1 Responsibility for Inspection

The vendor of the product shall supply all samples for vendor's tests and shall be responsible for the performance of all
required tests. Purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary to
ensure that the product conforms to specified requirements.

4.2 Classification of Tests

4.2.1 Acceptance Tests

Composition (3.1), tensile properties of bars, rods, and shapes in solution heat treated condition (3.4.1.1.1), grain size of
bars, rods, and shapes (3.4.1.1.2), microstructure of bars, rods, shapes, and forgings (3.4.1.3.1), forging grain size as
agreed upon (3.4.1.2.2), tensile properties of bars, rods, and shapes after precipitation heat treatment (3.4.2.1.1), and
hardness of forgings after re-solution and precipitation heat treatment (3.4.3) are acceptance tests and shall be performed
on each lot.
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