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Heat-Resistant Steels and Alloys
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3. TECHNICAL REQ
3.1 Composition
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TABLE 1 - COMPOSITION

3.1.1 Check Analysi
Composition variations
3.2 Melting Practice
Alloy shall be multiple
is not performed in V|
remelting.

3.3 Condition

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

p

The product shall be syipplied in the following conditioh:

3.3.1 Bars, Forgings|

Solution heat treated al

and Flash Welded Rings

nd descaled.

t be cut from plate (Also see 4.4.2)

shall meet the applicable requirements of AMS2269.

hot finished;.round bars shall be ground or turned.

melted using consumable electrode practice in the remelt cycle. If consumaple electrode remelting
acuum, electrodes which have been proddced by vacuum induction melting shall be used for

0 rings” shall not be supplied unless specified or permitted on purchaserls part drawing. When
supplied, rings-shall be manufactured in accordance with AMS7490.

3.3.1.1 Bars shall bq
3.3.1.2 Bars shall nq
3.3.1.3 Flash welde
3.3.2

Stock for Forging, Flash Welded Rings, or Heading

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 (14 °C) for a time commensurate with
section thickness, and cooling at a rate equivalent to an air cool or faster (See 8.2).

34.1

Pyrometry shall be in accordance with AMS2750.
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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 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
3.5.11
3.5.1.1.1 Hardness

, and Flash Welded Rings

As Solution Heat Treated

Shall be not higher tha

3.5.1.1.2 Average §
Shall be as follows, de
procedure shall be use

3.51.1.21
grain siz
by the i
Cross-se
3.5.1.1.2.2 Bars ang
forgings
average
account

351.1.2.3 Limitatio|

and vendlor.

3.5.1.2 Response tg
The product shall ha
(843 °C £ 8), holding 3
1325 °F £ 15 (718 °C 4
hour to 1150 °F + 15 (
to an air cool (See 8.2)

3.5.1.2.1 Tensile Pr

Bars and flash welded rings under 9 square inches (58 sz) in_cross-sectional are

h 29 HRC, or equivalent (See 8.3), determined in accordance with ASTM E.1
rain Size

ermined by the comparative method of ASTM E 112. In case of disagreeme
of

e of ASTM No. 5 or finer. Areas of nonrecrystallized-grains with an average
tercept method, of ASTM No. 3 to 5 are permitted but shall not account fon
ction.

flash welded rings 9 to 50 square inches (88-to 323 cmz), inclusive, in cros

shall exhibit average grain size of ASTM\No. 4 or finer. Areas of nonrecry.
grain size, determined by the intercept, method, of ASTM No. 2 to 4 are
for more than 20% of the cross-section.

ns on duplex grain structures as-defined by ASTM E 1181 shall be as agrg

Heat Treatment

e the following (properties after being precipitation heat treated by heal
t heat for 2 ta.4\hours, cooling at a rate equivalent to an air cool to room f
8), holding{at-heat for 8 hours + 0.5, cooling at a rate of approximately 100
521 °C + 8), holding at 1150 °F £ 15 (621 °C + 8) for 8 hours + 0.5, and cool

ht, the intercept (Heyn)

p shall exhibit average
grain size, determined
more than 20% of the

5-sectional area and all
stallized grains with an
permitted but shall not

ed upon by purchaser

ting to 1550 °F + 15
bmperature, heating to
°F (56 °C) degrees per
ng at a rate equivalent

bpernties

351211

At Room Temperature

Shall be as shown in Table 2, determined in accordance with ASTM E 8/E 8M.

TABLE 2 - MINIMUM ROOM TEMPERATURE TENSILE PROPERTIES

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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3.5.1.21.2

At 1200 °F (649 °C)

Shall be as shown in Table 3, determined in accordance with ASTM E 21 on specimens heated to 1200 °F + 5
(649 °C = 3), held at heat for not less than 20 minutes before testing, and tested at 1200 °F + 5 (649 °C % 3).

3.5.1.2.2 Hardness

TABLE 3 - MINIMUM 1200 °F (649 °C) TENSILE PROPERTIES

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

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

Shall be not lower thar
rejected on the basis g
the same sample as th

35123

Shall be as follows; teq
in accordance with AST

3.5.1.2.3.1
at 1200
higher ig
without
rupture,
and und
over 5.0
3.5.1.2.3.2 As an a
the sam
tested in
23 hourg
The notd
tested to
3.5.1.2.3.3 The test
required
23 hourg
stress s

27 HRC, or equivalent (See 8.3), determined in accordance with ASTM\.E J|8. Product shall not be

f hardness if the tensile properties of 3.5.1.2.1.1 are acceptable, detepmined
At with nonconforming hardness or from another sample with similar’nonconf

Stress-Ruppture Properties at 1200 °F (649 °C)

ting of notched specimens and of combination smooth-and-notched specim
'M E 292 and testing of smooth specimens shall be performed in accordancg

A standard cylindrical combination smooth-and-notched,specimen conforming to AS

'F + 3 (649 °C + 2) while a load sufficient to produce an initial axial stress o
applied continuously, shall not rupture in less than 23 hours. The test shall

change of load. Rupture shall occur in<the smooth section and elongatig
measured at room temperature, shall.be not less than 8% in 4D for produd
er in nominal diameter or least distance between parallel sides and shall I
inches (127 mm) in nominal diameter and least distance between parallel sid

ternate procedure, separate’smooth and notched specimens, machined fro
b piece, with gage sections-conforming to the respective dimensions shown i
dividually under the conditions of 3.5.1.2.3.1. The smooth specimen shall 1
and elongation after rupture, measure at room temperature, shall be as s
hed specimen shall not rupture in less time than the companion smooth spsd
rupture.

5 of 3.5.112.8.1 and 3.5.1.2.3.2 may be conducted using incremental loading
to produce an initial axial stress of 85.0 ksi (586 MPa) or higher shall be
, Whichiever occurs first. After the 23 hours and at intervals of 8 hours m

on product taken from
brming hardness.

bns shall be performed
with ASTM E 139:

bTM E 292, maintained

85.0 ksi (586 MPa) or
he continued to rupture
n of this section after
t 5.0 inches (127 mm)
e reported for product
es.

M adjacent sections of
N ASTM E 292, may be
ot rupture in less than
pecified in 3.5.1.2.3.1.
cimen but need not be

In such case, the load
used to rupture or for
inimum thereafter, the

halh be increased in increments of 5.0 ksi (34.5 MPa). Time to rupture,

rupture location, and

elongation requirements shall be as speciied N 3.5.1.2.3.1.

35124

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 E 228.

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.
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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,and 3.5.1.2.4.

3.6 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.

3.6.1 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.

3.7 Tolerances

Bars shall conform to gll applicable requirements of AMS2261.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility fof Inspection

The vendor of the prodluct 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,¢onfirmatory testing|deemed necessary to
ensure that the product conforms to specified requirements.
4.2 Classification of [Tests

4.2.1 Acceptance Tgsts

Tests for the following fequirements are acceptance tests and shall be performed on each heat or Igt as applicable:

4.2.1.1 Composition|(3.1) and mean coefficient of linear expansion (3.5.1.2.4) of each heat.

4.2.1.2 Hardness (3]5.1.1.1) and average grain-size (3.5.1.1.2) of each lot of bars, forgings, and flash welded rings as
solution heaf treated.

4.2.1.3 Room-tempgrature tensile properties (3.5.1.2.1.1), hardness (3.5.1.2.2), and str¢ss-rupture properties
(3.5.1.2.3) of each lot of barsy forgings, and flash welded rings after precipitation heat tregtment.

4.2.1.4 Tolerances (B3.7) of bars.

4.2.2 Periodic Tests

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

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

4.2.2.2 Ability of forging stock (3.5.2) and of stock for flash welded rings or heading (3.5.3) to develop required
properties.

4.2.2.3 Grain flow (3.6.1) of die forgings.
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4.3 Sampling and Testing

Shall be as follows:
431
In accordance with AM
4.3.2 Forgings

In accordance with AM

4.3.3
vendor.

Bars, Flash Welded Rings, and Stock for Forging, Flash Welded Rings, or Heading

S2371.

S2374.

Specific location of specimens from forgings and flash welded rings shall be as agreed upon by purchaser and

4.4 Reports
4.4.1 The vendor o
vendor’'s name
multiple meltin
each heat, an

solution treatedl, and for hardness, room temperature tensile properties{and stress rupture f

bars, forgings,
the other tech
AMS5940D, s
forgings shall 3
4.4.2 If the ship si
(See 3.3.1.2).

4.4.3 The vendor of

the vendor’'s name and the country where the\metal was melted (e.g., final melt in the case

multiple meltin
purchase orde
4.4.4 Purchase orde|
Heat and lot nu
AMS5940D
Size
Quantity.

4.5 Resampling and

bars, forgings, and flash welded rings shall furnish with each_shipment
and the country where the metal was melted (e.g., final melt insthe case
[ operations) and the results of tests for composition and mean coefficient
i for hardness and average grain size for each lot of bars; forgings, and

and flash welded rings after precipitation heat treatnjent, and stating that tf
hical requirements. This report shall include the pufchase order number,
ze, and quantity. If forgings are supplied, the size and melt source of st
Iso be included.

ve/shape is cut from a larger cross section, report the nominal meta

stock for forging, flash welded rings, or heading shall furnish with each ship

number, heat number, AMS5940D, size, and quantity.

' number
mbers

Retesting

a report showing the
of metal processed by
of linear expansion of
flash welded rings as
roperties of each lot of
e product conforms to
heat and lot numbers,
bck used to make the

lurgically worked size

ment a report showing
of metal processed by

g operations) and the results:-of tests for composition of each heat. This feport shall include the

Shall be as follows:
45.1
In accordance with AM

4.5.2 Forgings

Bars, Flash Welded Rings, and Stock for Forging, Flash Welded Rings, or Heading

S2371.

In accordance with AMS2374.


https://saenorm.com/api/?name=8f8bd32ef6e0e13773e0111a594f0ace

	1. SCOPE
	1.1 Form
	1.2 Application

	2. APPLICABLE DOCUMENTS
	2.1 SAE Publications
	2.2 ASTM Publications

	3. TECHNICAL REQUIREMENTS
	3.1 Composition
	TABLE 1 - Composition
	3.1.1 Check Analysis

	3.2 Melting Practice
	3.3 Condition
	3.3.1 Bars, Forgings, and Flash Welded Rings
	3.3.1.1 Bars shall be hot finished; round bars shall be ground or turned.
	3.3.1.2 Bars shall not be cut from plate (Also see 4.4.2)
	3.3.1.3 Flash welded rings shall not be supplied unless specified or permitted on 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

	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 purchaser, a suitable protective coating may be applied to the forgings in lieu of using a protective atmos...

	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 nonrecrystallized grains with an average grain size, determined by the intercept method, o...
	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 nonrecrystallized grains with an average grain size, d...
	3.5.1.1.2.3 Limitations on duplex grain structures as defined by ASTM E 1181 shall be as agreed upon by purchaser and vendor.


	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

	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 E 292, maintained at 1200  F ± 3 (649  C ± 2) while a load sufficient to produce an initial axial stress of 85.0 ksi (586 MPa) or higher is applied continuou...
	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 E 292, may be tested individually under the condi...
	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 Mean Coefficient of Linear Expansion: Shall not exceed 7.5 x 10-6 inch/inch/(F (13.5 x 10-6 mm/mm/ C) at 1200  F (649  C) using 77  F (25  C) as the reference temperature, determined in accordance with ASTM E 228.


	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 which contain flash-line end grain, shall follow the general contour of the forgings showing no evidence of reentrant grain flow.

	3.7 Tolerances

	4. QUALITY ASSURANCE PROVISIONS
	4.1 Responsibility for Inspection
	4.2 Classification of Tests
	4.2.1 Acceptance Tests
	4.2.1.1 Composition (3.1) and mean coefficient of linear expansion (3.5.1.2.4) of each heat.
	4.2.1.2 Hardness (3.5.1.1.1) and average grain size (3.5.1.1.2) of each lot of bars, forgings, and flash welded rings as solution heat treated.
	4.2.1.3 Room-temperature tensile properties (3.5.1.2.1.1), hardness (3.5.1.2.2), and stress-rupture properties (3.5.1.2.3) of each lot of bars, forgings, and flash welded rings after precipitation heat treatment.
	4.2.1.4 Tolerances (3.7) of bars.

	4.2.2 Periodic Tests
	4.2.2.1 Tensile properties at 1200  F (649  C) (3.5.1.2.1.2) of bars, forgings, and flash welded rings after precipitation heat treatment.
	4.2.2.2 Ability of forging stock (3.5.2) and of stock for flash welded rings or heading (3.5.3) to develop required properties.
	4.2.2.3 Grain flow (3.6.1) of die forgings.


	4.3  Sampling and Testing
	4.3.1 Bars, Flash Welded Rings, and Stock for Forging, Flash Welded Rings, or Heading
	4.3.2 Forgings
	4.3.3 Specific location of specimens from forgings and flash welded rings shall be as agreed upon by purchaser and vendor.

	4.4 Reports
	4.4.1 The vendor of bars, forgings, and flash welded rings shall furnish with each shipment a report showing the vendor’s name and the country where the metal was melted (e.g., final melt in the case of metal processed by multiple melting operations) ...
	4.4.2 If the ship size/shape is cut from a larger cross section, report the nominal metallurgically worked size (See 3.3.1.2).
	4.4.3 The vendor of stock for forging, flash welded rings, or heading shall furnish with each shipment a report showing the vendor’s name and the country where the metal was melted (e.g., final melt in the case of metal processed by multiple melting o...
	4.4.4 Purchase order number Heat and lot numbers AMS5940D Size Quantity.

	4.5 Resampling and Retesting
	4.5.1 Bars, Flash Welded Rings, and Stock for Forging, Flash Welded Rings, or Heading
	4.5.2 Forgings


	5.  PREPARATION FOR DELIVERY
	5.1 Sizes
	5.2 Identification
	5.2.1 Bars
	5.2.2 Forgings
	5.2.3 Flash Welded Rings and Stock for Forging, Flash Welded Rings, or Heading

	5.3 Packaging

	6. ACKNOWLEDGMENT
	7. REJECTIONS
	8. NOTES
	8.1 A change bar (|) located in the left margin is for the convenience of the user in locating areas where technical revisions, not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document tit...
	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 E 140.
	8.4 Terms used in AMS are clarified in ARP1917.
	8.5 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 ...
	8.6  Purchase documents should specify not less than the following:


