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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2261 Tolerances, Nickel, Nickel Alloy, and Cobalt Alloy Bars, Rods, and Wire
AMS2269 Chemical Check Analysis Limits, Nickel, Nickel Alloys, and Cobalt Alloys
AMS2371 Quality Assurance Sampling and Testing, Corrosion and Heat-Resistant Steels and Alloys, Wrought

Products and Forging Stock

AMS2374 Quality Assurance Sampling and Testing, Corrosion and Heat-Resistant Steel and Alloy Forgings

AMS2750 Pyrom

AMS2806 Identif
Heat-H
AMS2808 Identif

AMS7490 Rings,
Cobalt

AS7766 Terms
2.2 ASTM Publicatio

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

ASTM A751 Metho
ASTM E8/E8M Tensig
ASTM E10 Brinell
ASTM E112  Detern

ASTM E140 Hardn
Hardn

etry

cation Bars, Wire, Mechanical Tubing, and Extrusions, Carbon and Alloy Ste
esistant Steels and Alloys

cation, Forgings

Flash Welded, Corrosion and Heat-Resistant Austenitic Steels, Austeniti
Alloys, or Precipitation-Hardenable Alloys

Used in Aerospace Metals Specifications
ns

International, 100 Barr Harbor Driveé{/P.O. Box C700, West Conshohod
w.astm.org.

s, Practices, and Definitions for Chemical Analysis of Steel Products
n Testing of Metallic Materials
Hardness of Metallic Materials

nining Average-Grain Size

bss, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Leg

els, and Corrosion and

c-Type Iron, Nickel or

ken, PA 19428-2959,
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3. TECHNICAL REQUIREMENTS
3.1 Composition

Shall conform to the percentages by weight shown in Table 1, determined in accordance with ASTM E354, or by other
analytical methods acceptable to the purchaser.

Table 1 - Composition

Element Min Max
Carbon -- 0.06
Manganese -- 0.35
Silicon -- 0.35
Phosphorus - 0.020
Sulfur -- 0.015
Chromium 14.50 17.50
Nickel 39.00 44.00
Columbium (Niobium) 2.50 3.30
Titanium 1.50 2.00
Tantalum -- 0.05
Aluminum -- 0.40
Boron -- 0:006
Copper -- 0.30
Iron remainder,

3.1.1  Check Analysis
Composition variations| shall meet the applicable requirements of AMS2269.
3.2 Melting Practice
Alloy shall be producefl by multiple melting using consumable electrode practice in the remelt cycle or shall be induction
melted under vacuum. |f consumable electrode remelting is not performed in vacuum, electrodes whigh have been produced
by vacuum induction melting shall be used.
3.3 Condition
The product shall be s@ipplied in the following condition:

3.3.1  Bars, Forgings, and FlashAWelded Rings

Solution heat treated apd.descaled.

3.3.1.1 Bars shall be hot finished.

3.3.1.1.1  Bars, other than hexagons, over 2.75 inches (69.8 mm) in nominal diameter or least distance between parallel
sides, shall be hot finished or cold finished.

3.3.1.1.2 Round bars shall be turned or ground.

3.3.1.2 Flash welded rings shall not be supplied unless specified or permitted on the purchaser’s part drawing. When
supplied, rings shall be manufactured in accordance with AMS7490.

3.3.1.3  Bars shall not be cut from plate (see 4.4.2).
3.3.2  Stock for Forging or Flash Welded Rings

As ordered by the forging or flash welded ring manufacturer.
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3.4 Heat Treatment

Bars, forgings, and flash welded rings shall be solution heat treated as follows; pyrometry shall be in accordance
with AMS2750:

3.4.1 Bars

Shall be solution heat treated by heating to a temperature within the range 1750 to 1850 °F (954 to 1010 °C), holding at the
selected temperature within £25 °F (x14 °C) for a time commensurate with cross-sectional thickness, and cooling at a rate
equivalent to an air cool or faster.

3.4.2 Forgings and Flash Welded Rings

Shall be heated to a temperature within the range 1750 to 1850 °F (954 to 1010 °C), held at the selected temperature within

+25 °F (£14 °C) for no
be machined all over,
purchaser, a suitable p

3.5 Properties

The product shall conferm to the following requirements:

3.5.1 Bars, Forgings
3.5.1.1 As Solution ]
3.5.1.1.1 Hardness

Shall be not higher tha

3.5.1.1.2 Average G

Shall be as follows, defermined by comparison of-a polished and etched specimen with the chart in

of disagreement, by th

3.5.1.1.2.1 Shall beg
Cross-se
3.5.1.1.2.2 Shall be
area ang
3.5.1.2 Response to

less than 30 minutes, and cooled at a rate equivalent to an air cool or fastg
heat treatment shall be performed in a suitable protective atmosphere'’er;
rotective coating may be applied to the forgings in lieu of using a protective g

, and Flash Welded Rings

[reated

rain Size

e planimetric (Jeffries’) method:

ASTM No. 5 or_finer in bars and flash welded rings 9 square inches
ctional area.

ASTM No.4or finer in bars and flash welded rings over 9 square inches (58
in all forgings up to 12.6 square inches (81 cm?).

Pregipitation Heat Treatment

h 277 HB, or equivalent (see 8.2), detefmined in accordance with ASTM E1Q.

r. If forgings are not to
when permitted by the
tmosphere.

ASTM E112 or, in case

58 ¢cm?) and under in

cm?) in cross-sectional

Samples from product 4.00 inches (101.6 mm) and under shall have the following properties after being precipitation heat
treated in accordance with Table 2:

Table 2 - Response to precipitation heat treatment

Processing Step!") Temperature Time at Temperature
1 Heat 1350 °F £+ 15 °F (732 °C £ 8 °C) 8 hours + 0.25 hour
2 Cooling at a rate not faster than o R o o
790 °Fg(56 *C)® per hour to 1150 °F £ 15 °F (621 °C £ 8 °C)
3 Hold at temperature 1150 °F + 15 °F (621 °C +8 °C) | 8 hours + 0.25 hour
4 Cool in air

() Note that all processing must be performed in the order noted.
@) Instead of 100 °F (56 °C) per hour cooling rate, furnace cooling may be at any rate, provided the time at 1150 °F + 15 °F

(621°C +8°C) s

adjusted to give a total precipitation heat treatment time of 18 hours, minimum.
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3.5.1.2.1

Tensile Properties

Shall be as specified in Table 3, determined in accordance with ASTM E8/E8M.

3.5.1.2.1.1  Unless otherwise specified, the strain rate shall be set at 0.005 in/in/min (0.005 mm/mm/min) and maintained
within a tolerance of £0.002 in/in/min (£0.002 mm/mm/min) through 0.2% offset yield strain. The strain rate
after yield may be increased to any value up to 0.5 in/in/min (or 0.5 mm/mm/min) or equivalent crosshead
speed as a function of gage length. The requirement for compliance becomes effective for material produced
1 year after the publication date of this specification.
Table 3A - Minimum tensile properties — response to heat treatment, inch/pound units
Nominal Diameter or Distance Tensile Yield Strength Elongation  Reduction
Between Parallel Sides Strength  at 0.2% Offset in 4D of Area
Inches ksi ksi % %
Up to 2.50, excl 170 140 12 15
2.50 t0 4.00, incl 170 135 12 15
Table 3B - Minimum tensile properties — response to heat treatment, Sl units
Nomirfal Diameter or Distance Tensile Yield Strength Elongation  Reduction
Befween Parallel Sides Strength  at 0.2% Offset in 4D of Area
Millimeters MPa MPa % %
Upto 63.5, excl 1172 965 12 15
3.5 to 101.6, incl 1172 934 12 15
3.5.1.2.2 Hardness

Shall be not lower than
3.5.2  Stock for Forgi

When a sample of stoc
to the requirements of

3.6 Mechanical prop
the purchaser ar

303 HB, or equivalent (see 8.2), determined in accordance with ASTM E10.
hg or Flash Welded Rings

K is heat treated as in 3.4.2 and 3.5.1.2, specimens taken from the heat treate
3.5.1.2.1 and 3.5.1.2.2,

erty requirements-for/product outside the size range covered by 1.1 shall bg
d producer and reported per 4.4.4.

S received by the purchaser, shall be uniform in quality and condition, soung
rom\imperfections detrimental to usage of the product.

d sample shall conform

agreed upon between

, and free from foreign

3.7 Quality

3.7.1  The product, 3
materials and f

3.7.2

forgings showing no evidence of reentrant grain flow.

3.8 Tolerances

Bars shall conform to all applicable requirements of AMS2261.

3.9 Exceptions

Any exceptions shall be authorized by the purchaser and reported as in 4.4.4.

Grain flow of die forgings, except in areas which contain flash-line end grain, shall follow the general contour of the
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4. QUALITY ASSURANCE PROVISIONS

4.1  Responsibility fo

r Inspection

The producer of the product shall supply all samples for the producer’s tests and shall be responsible for the performance
of all required tests. The purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary

to ensure that the prod

uct conforms to specified requirements.

4.2 Classification of Tests

4.2.1

Acceptance Tests

The following requirements are acceptance tests and shall be performed on each heat or lot as applicable:

4211
421.2
rings as sol
4.2.1.3 Tensile pro
rings after p
4214 Tolerances
4.2.2 Periodic Tests

The ability of stock for|
(see 3.6.1) are periodiq
specified by the purcha
4.3 Sampling and Te
Shall be as follows:

4.3.1
In accordance with AM
4.3.2 Forgings

In accordance with AM

Composition| (see 3.1) of each heat.

Hardness (sge 3.5.1.1.1) and average grain size (see 3.5.1.1.2) of each lot of bats;-forg

Bars, Flash W¢lded Rings, and Stoek\for Forgings

ion heat treated.

rties (see 3.5.1.2.1) and hardness (see 3.5.1.2.2) of each,lot)of bars, forg
ecipitation heat treatment.

see 3.7) of bars.

forging or flash welded rings (see 3.5.2) to‘develop required properties an
tests and shall be performed at a frequency selected by the producer unless
ser.

sting

S2371.

S2374.

ings, and flash welded

ngs, and flash welded

i grain flow of forgings
frequency of testing is

4.3.3 Grain size san

ples shall be taken from the mid-radius or quarter-thickness position.

44 Reports

4.4.1

The producer of the product shall furnish with each shipment a report showing the producer’s name and country

where the metal was melted (e.g., final melt in case of metal processed by multiple melting operations) and the
results of tests for composition of each heat, and for hardness and average grain size of each lot as solution heat
treated, and for tensile properties and hardness of samples from each lot after precipitation heat treatment, and
stating that the product conforms to the other technical requirements. This report shall include the purchase order
number, heat and lot numbers, AMS5701G, solution heat-treatment temperature used, size, and quantity. If forgings
are supplied, the size and melt source of stock used to make the forgings shall also be included.

442
size (see 3.3.1

)-

If the ship size/shape is cut from a larger cross section, report the cut size and the nominal metallurgically worked
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