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AMS2283 Composition Testing Methods for Nickel- and Cobalt-Based 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 Pyrometry

AMS2806 Identification Bars, Wire, Mechanical Tubing, and Extrusions, Carbon and Alloy Steels, and Corrosion and
Heat-Resistant Steels and Alloys

AMS2808 Identification, Forgings

AMS7490 Rings,| Flash Welded, Corrosion and Heat-Resistant Austenitic Steels, Austenitic-Type Iron, Nickel or
Cobalf Alloys, or Precipitation-Hardenable Alloys

AS7766 Terms|Used in Aerospace Metals Specifications

2.2 ASTM Publicatio
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nining Average Grain Size

cting Creep, Creep-Rupture,-and Stress-Rupture Tests of Metallic Materials

pss, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Leg
Thermal Expansion of Solid Materials with a Pushrod Dilatometer
cting Time-for-Rupture Notch Tension Tests of Materials

Cterizing Duplex Grain Sizes

ken, PA 19428-2959,

bss Conversion Tables for Metals Relationship Among Brinell Hardness, Vickers Hardness, Rockwell

b Hardness

2.3 Definitions

Terms used in AMS are defined in AS7766.

3. TECHNICAL REQUIREMENTS

3.1 Composition

Composition shall conform to the percentages by weight shown in Table 1, determined in accordance with AMS2283 or by
other analytical methods acceptable to the purchaser.
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Table 1 - Composition

Element Min Max
Carbon -- 0.03
Manganese -- 0.50
Silicon -- 0.50
Phosphorus -- 0.015
Sulfur -- 0.005
Chromium 2.5 35
Nickel 26.0 30.0
Columbium (Niobium) 25 3.5
Aluminum 5.0 6.0
Boron 0.003 0.012
Iron 24.0 27.0
Titanium - 0.40
Tantalum -- 0.05
Copper -- 0.50
Cobalt remainder

3.1.1  The producer may test for any element not listed in Table 1 and include this analysis in the feport of 4.4. Reporting
of any element not listed in the composition table is not a basis for rejection unless linfits of acceptability are
specified by thge purchaser.

3.1.2 Check Analysis

Composition variations| shall meet the applicable requirements of AMS2269.

3.2 Melting Practice

Alloy shall be multiple melted using consumable electrode practice in the remelt cycle. If consumable electrode remelting is
not performed in vacuym, electrodes that have been produced by vacuum induction melting shall bé used for remelting.

3.3 Condition
The product shall be sdipplied in the following‘condition:

3.3.1 Bars, forgings,|and flash-welded rings shall be solution heat treated and descaled.
3.3.1.1  Bars shall bg hot finished;-round bars shall be ground or turned.

3.3.1.1.1  Bars, othef than‘hexagons, over 2.75 inches (69.8 mm) in nominal diameter or least digtance between parallel
sides shalllbe hetfinished or cold finished.

3.3.1.2 Bars shall not be cut from plate (see 4.4.2).

3.3.1.3 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.

3.3.2 Stock for forging, flash-welded rings, or heading shall be as ordered by the forging, flash-welded ring, or
heading manufacturer.

3.4 Solution Heat Treatment
Bars, forgings, and flash-welded rings shall be solution heat treated by heating to a temperature within the range

2025 to 2050 °F (1107 to 1121 °C), holding at the selected temperature within £25 °F (x14 °C) for a time commensurate
with section thickness, and cooling at a rate equivalent to an air cool or faster (see 8.2).
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3.4.1

3.4.2

Pyrometry shall be in accordance with AMS2750.

If forgings are not to be machined all over, heat treatment shall be performed in a suitable protective atmosphere

or, when permitted by the purchaser, a suitable protective coating may be applied to the forgings in lieu of using a
protective atmosphere.

3.5 Properties

The product shall conform to the following requirements:

3.5.1 Bars, Forgings

3.5.1.1

, and Flash-Welded Rings

As Solution Heat Treated

3.51.1.1 Hardness

Hardness shall be not
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Heat Treatment

bduct shallshave the following properties after being precipitation heat
C + 8 °C),-holding at heat for 2 to 4 hours, cooling at a rate equivalent {
o 1325°F £ 15 °F (718 °C £ 8 °C ), holding at heat for 8 hours + 0.5 hot
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cooling at a rate equivalent to an air cool (see 8.2).

3.5.1.21

3.5.1.2.1.1

Tensile Properties

At Room Temperature

Response to heat-treatment tensile properties shall be as shown in Table 2, determined in accordance with ASTM E8/E8M.

Table 2 - Minimum room temperature tensile properties - response to heat treatment

Value
160 ksi (1103 MPa)
105 ksi ( 724 MPa)
12%
20%

Property
Tensile Strength
Yield Strength at 0.2% Offset
Elongation in 4D
Reduction of Area
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3.5.1.2.1.11

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.
After the yield strain, the speed of the testing machine shall be set between 0.05 in/in and 0.5 in/in
(0.05 mm/mm and 0.5 mm/mm) of the length of the reduced parallel section (or distance between the grips
for specimens not having a reduced section) per minute. Alternatively, an extensometer and strain rate
indicator may be used to set the strain rate between 0.05 in/in/min and 0.5 in/in/min (0.05 mm/mm/min and
0.5 mm/mm/min). The requirement for compliance becomes effective for material produced 1 year after the
publication date of this specification.

3.5.1.21.2 At1200

°F (649 °C)

High-temperature tensile properties shall be as shown in Table 3, determined in accordance with ASTM E21 on specimens
heated to 1200 °F + 5 °F (649 °C + 3 °C), held at heat for not less than 20 minutes before testing, and tested at
1200 °F £ 5 °F (649 °C £ 3 °C).

3.5.1.2.2 Hardness

Hardness shall be not |

Table 3 - Minimum 1200 °F (649 °C) tensile properties

Value
130 ksi (896 MPa)
90 ksi (621 MPaj)
15%
25%

Property
Tensile Strength
Yield Strength at 0.2% Offset
Elongation in 4D
Reduction of Area

pwer than 27 HRC, or equivalent (see 8.3), determined in accordance with A{

5TM E18. Product shall

not be rejected on the basis of hardness if the tensile properties 0f.3.5.1.2.1.1 are acceptable, determined on product taken
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1200 °F
or highe
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as that with nonconforming hardness or from another sample with similar no
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rformed in accordance with"\ASTM E292, and testing of smooth specimens
E139:

rd cylindrical combination smooth-and-notched specimen conforming to AST
+ 3 °F (649 °C +£(2 fC) while a load sufficient to produce an initial axial stres
is applied continuously, shall not rupture in less than 23 hours. The test shall
hange of load-Rupture shall occur in the smooth section, and elongation of th
d at room.temperature, shall be not less than 8% in 4D for product 5.0 inchg
al diameter or least distance between parallel sides and shall be reported for
) intnominal diameter and least distance between parallel sides.

hconforming hardness.

h smooth-and-notched
shall be performed in

M E292, maintained at
5 of 85.0 ksi (586 MPa)
be continued to rupture
is section after rupture,
s (127 mm) and under
broduct over 5.0 inches

3.5.1.23.2

As an alternate procedure, separate smooth and notched specimens, machined from adjacent sections of

the same piece, with gage sections conforming to the respective dimensions shown in ASTM E292, may be
tested individually under the conditions of 3.5.1.2.3.1. The smooth specimen shall not rupture in less than
23 hours, and elongation after rupture, measured at room temperature, shall be as specified in 3.5.1.2.3.1.
The notched specimen shall not rupture in less time than the companion smooth specimen but need not be
tested to rupture.

3.5.1.23.3

The tests of 3.5.1.2.3.1 and 3.5.1.2.3.2 may be conducted using incremental loading. In such case, the load

required to produce an initial axial stress of 85.0 ksi (586 MPa) or higher shall be used to rupture or for
23 hours, whichever occurs first. After the 23 hours and at intervals of 8 hours minimum thereafter, the stress
shall be increased in increments of 5.0 ksi (34.5 MPa). Time to rupture, rupture location, and elongation
requirements shall be as specified in 3.5.1.2.3.1.
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3.5.1.2.4 Thermal Expansion Properties

The mean coefficient of linear expansion shall not exceed 7.5 x 10 inch/inch/°F (13.5 x 10°®* mm/mm/°C) at 1200 °F (649 °C)
using 77 °F (25 °C) as the reference temperature, determined in accordance with ASTM E228.

3.5.2 Forging Stock

When a sample of stock is forged to a test coupon and heat treated as in 3.4 and 3.5.1.2, specimens taken from the
heat-treated coupon shall conform to the requirements of 3.5.1.2.1, 3.5.1.2.2, 3.5.1.2.3, and 3.5.1.2.4. If specimens taken
from the stock after heat treatment as in 3.4 and 3.5.1.2 conform to the requirements of 3.5.1.2.1, 3.5.1.2.2, 3.5.1.2.3, and
3.5.1.2.4, the tests shall be accepted as equivalent to tests of a forged coupon.

3.5.3 Stock for Flash-Welded Rings or Heading

Specimens taken from|the stock after heat treatment as in 3.4 and 3.5.1.2 shall conform to the requirements of 3.5.1.2.1,
3.5.1.2.2,3.5.1.2.3,anfd 3.5.1.2.4.

3.6 Quality

The product, as receivgd by the purchaser, shall be uniform in quality and condition, sernd, and fre¢ from foreign materials
and from imperfectionq detrimental to usage of the product.

3.6.1 Grain flow of die forgings, except in areas that contain flash-line end\grain, shall follow the] general contour of the
forgings showipg no evidence of reentrant grain flow.

3.7 Tolerances
Bar tolerances shall conform to all applicable requirements of AMS2261.
3.8 Exceptions
Any exceptions shall bge authorized by the purchaser@nd reported as in 4.4.3.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility fof Inspection

The producer of the prpduct shall supply all samples for the producer’s tests and shall be responsilple for the performance
of all required tests. The purchaser{eserves the right to sample and to perform any confirmatory tesfing deemed necessary

to ensure that the prodlct conforms to specified requirements.

4.2 Classification of [Tests

4.2.1 Acceptance Tests
Tests for the following requirements are acceptance tests and shall be performed on each heat or lot as applicable:
¢ Composition (see 3.1) and mean coefficient of linear expansion (see 3.5.1.2.4) of each heat

e Hardness (see 3.5.1.1.1) and average grain size (see 3.5.1.1.2) of each lot of bars, forgings, and flash-welded rings as
solution heat treated

e Room-temperature tensile properties (see 3.5.1.2.1.1), hardness (see 3.5.1.2.2), and stress-rupture properties
(see 3.5.1.2.3) of each lot of bars, forgings, and flash-welded rings after precipitation heat treatment

e Tolerances (see 3.7) of bars
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422

Periodic Tests

Tests for the following requirements are periodic tests and shall be performed at a frequency selected by the producer
unless frequency of testing is specified by the purchaser:

o Tensile properties at 1200 °F (649 °C) (see 3.5.1.2.1.2) of bars, forgings, and flash-welded rings after precipitation
heat treatment

e Ability of forging stock (see 3.5.2) and of stock for flash-welded rings or heading (see 3.5.3) to develop
required properties

e Grain flow (see 3.6.1) of die forgings

4.3 Samplingand T
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of bars, forgings, and flash-welded rings shall furnish with each shipment

ons); and the results of tests for composition and mean coefficient of linear €
hd average grain size for each lot of bars, forgings, and flash-welded rings §
pom-temperature tensile properties, and stress-rupture properties of each Ig
hgs after precipitation heat treatment. The report shall state that the produc
rements and shall include the purchase order number, heat and lot numbers
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hinal metallurgically worked cross-sectional size and the cut size, if different
produced to this ‘'specification has exceptions taken to the technical requireni
b report shallkeontain a statement “This material is certified as AMS5940E

ptions:” and the specific exceptions shall be listed.

f stock for forging, flash-welded rings, or heading shall furnish with each ship
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the results of any additional property requirements imposed by 8.8. This report shall include the purchase order
number, heat number, AMS5940E, size, and quantity.

Resampling and Retesting

Bars, flash-welded rings, and stock for forging, flash-welded rings, or heading shall be resampled and retested in
accordance with AMS2371.

Forgings shall

be resampled and retested in accordance with AMS2374.


https://saenorm.com/api/?name=4cac9bad53c6c789fa9aeea1474b7f26

	1. SCOPE
	1.1 Form
	1.2 Application

	2. APPLICABLE DOCUMENTS
	2.1 SAE Publications
	2.2 ASTM Publications
	2.3 Definitions

	3. TECHNICAL REQUIREMENTS
	3.1 Composition
	Table 1 - Composition
	3.1.1 The producer may test for any element not listed in Table 1 and include this analysis in the report of 4.4. Reporting of any element not listed in the composition table is not a basis for rejection unless limits of acceptability are specified by...
	3.1.2 Check Analysis

	3.2 Melting Practice
	3.3 Condition
	3.3.1 Bars, forgings, and flash-welded rings shall be solution heat treated and descaled.
	3.3.1.1 Bars shall be hot finished; round bars shall be ground or turned.
	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.

	3.3.1.2 Bars shall not be cut from plate (see 4.4.2).
	3.3.1.3 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.

	3.3.2 Stock for forging, flash-welded rings, or heading shall be as ordered by the forging, flash-welded ring, or heading manufacturer.

	3.4 Solution Heat Treatment
	3.4.1 Pyrometry shall be in accordance with AMS2750.
	3.4.2 If forgings are not to be machined all over, heat treatment shall be performed in a suitable protective atmosphere or, when permitted by the purchaser, a suitable protective coating may be applied to the forgings in lieu of using a protective at...

	3.5 Properties
	3.5.1 Bars, Forgings, and Flash-Welded Rings
	3.5.1.1 As Solution Heat Treated
	3.5.1.1.1 Hardness
	3.5.1.1.2 Average Grain Size
	3.5.1.1.2.1 Bars and flash-welded rings under 9 square inches (58 cm2) in cross-sectional area shall exhibit average grain size of ASTM No. 5 or finer. Areas of non-recrystallized grains with an average grain size, determined by the intercept method, ...
	3.5.1.1.2.2 Bars and flash-welded rings 9 to 50 square inches (58 to 323 cm2), inclusive, in cross-sectional area and all forgings shall exhibit average grain size of ASTM No. 4 or finer. Areas of non-recrystallized grains with an average grain size, ...
	3.5.1.1.2.3 Limitations on duplex grain structures as defined by ASTM E1181 shall be as agreed upon by the purchaser and producer.


	3.5.1.2 Response to Heat Treatment
	3.5.1.2.1 Tensile Properties
	3.5.1.2.1.1 At Room Temperature
	Table 2 - Minimum room temperature tensile properties - response to heat treatment

	3.5.1.2.1.2 At 1200  F (649  C)
	Table 3 - Minimum 1200  F (649  C) tensile properties


	3.5.1.2.2 Hardness
	3.5.1.2.3 Stress-Rupture Properties at 1200  F (649  C)
	3.5.1.2.3.1 A standard cylindrical combination smooth-and-notched specimen conforming to ASTM E292, maintained at 1200  F ± 3  F (649  C ± 2  C) while a load sufficient to produce an initial axial stress of 85.0 ksi (586 MPa) or higher is applied cont...
	3.5.1.2.3.2 As an alternate procedure, separate smooth and notched specimens, machined from adjacent sections of the same piece, with gage sections conforming to the respective dimensions shown in ASTM E292, may be tested individually under the condit...
	3.5.1.2.3.3 The tests of 3.5.1.2.3.1 and 3.5.1.2.3.2 may be conducted using incremental loading. In such case, the load required to produce an initial axial stress of 85.0 ksi (586 MPa) or higher shall be used to rupture or for 23 hours, whichever occ...

	3.5.1.2.4 Thermal Expansion Properties


	3.5.2 Forging Stock
	3.5.3 Stock for Flash-Welded Rings or Heading

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

	3.7 Tolerances
	3.8 Exceptions

	4. QUALITY ASSURANCE PROVISIONS
	4.1 Responsibility for Inspection
	4.2 Classification of Tests
	4.2.1 Acceptance Tests
	4.2.2 Periodic Tests

	4.3 Sampling and Testing
	4.3.1 Bars, flash-welded rings, and stock for forging, flash-welded rings, or heading shall be sampled and tested in accordance with AMS2371.
	4.3.2 Forgings shall be sampled and tested in accordance with AMS2374.
	4.3.3 Specific location of specimens from forgings and flash-welded rings shall be as agreed upon by the purchaser and producer.

	4.4 Reports
	4.4.1 The producer of bars, forgings, and flash-welded rings shall furnish with each shipment a report showing: the producer’s name; the country where the metal was melted (e.g., final melt in the case of metal processed by multiple melting operations...
	4.4.2 Report the nominal metallurgically worked cross-sectional size and the cut size, if different (see 3.3.1.2).
	4.4.3 When material produced to this specification has exceptions taken to the technical requirements listed in Section 3 (see 5.2.1), the report shall contain a statement “This material is certified as AMS5940E(EXC) because of the following exception...
	4.4.4 The producer of stock for forging, flash-welded rings, or heading shall furnish with each shipment a report showing the producer’s name, the country where the metal was melted (e.g., final melt in the case of metal processed by multiple melting ...

	4.5 Resampling and Retesting
	4.5.1 Bars, flash-welded rings, and stock for forging, flash-welded rings, or heading shall be resampled and retested in accordance with AMS2371.
	4.5.2 Forgings shall be resampled and retested in accordance with AMS2374.


	5. PREPARATION FOR DELIVERY
	5.1 Sizes
	5.2 Identification
	5.2.1 Bars shall be identified in accordance with AMS2806. When technical exceptions are taken (see 4.4.2), the material shall be marked with AMS5940E(EXC).
	5.2.2 Forgings shall be identified in accordance with AMS2808.
	5.2.3 Flash-welded rings and stock for forging, flash-welded rings, or heading shall be identified as agreed upon by the purchaser and producer.

	5.3 Packaging

	6. ACKNOWLEDGMENT
	7. REJECTIONS
	8. NOTES
	8.1 Revision Indicator
	8.2 Heating and cooling should be done in a vacuum or a suitable protective atmosphere to avoid oxidation of the surface. If heat treating is done in air, the alloy must be properly processed to completely remove the oxide formed before further fabric...
	8.3 Hardness conversion tables for metals are presented in ASTM E140.
	8.4 Dimensions and properties in inch/pound units and the Fahrenheit temperatures are primary; dimensions and properties in SI units and the Celsius temperatures are shown as the approximate equivalents of the primary units and are presented only for ...
	8.5 Unless otherwise specified, the material producer shall work to the revision of this specification (AMS5940) in effect on the date of order placement. Unless otherwise specified, material manufactured and certified to the immediately previous revi...
	8.6 It is the purchaser’s obligation to ensure that product they procure or resell as AMS5940E has any exceptions approved by their subsequent purchaser.
	8.7 Purchase documents should specify not less than the following:


