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1. SCOPE:
1.1 Form:

This specifica
flash welded

1.2 Applications:

These produ
stress-rupturg
machinability
required prop

2. APPLICABLE [
The following p
issue of SAE p

effect on the d4

2.1 SAE Publicat

tion covers a corrosion and heat resistant nickel)alfoy in the form of bars, forgings,
rings, and stock for forging or flash welded rings.

ts have been used typically for partsZrequiring a combination of resistance to creep and

e up to 1300 °F (704 °C), oxidatign'resistance up to 1800 °F (982 °C),|and good
particularly parts which are welded and then precipitation heat treated to develop

erties, but usage is not limited to such applications.
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Tolerances, Nickel, Nickel Alloy, and Cobalt Alloy Bars, Rods, and Wire
Tolerances, Metric, Nickel, Nickel Alloy, and Cobalt Alloy Bars, Rods, and Wire
Chemical Check Analysis Limits, Wrought Nickel Alloys and Cobalt Alloys

Quality Assurance Sampling and Testing, Corrosion and Heat ResistantSteels and
Alloys, Wrought Products and Forging Stock

Quiality Assurance Sampling and Testing, Corrosion and Heat Resistant Steel and
Alloy Forgings
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2.1 (Continued):

2.2

2.3

3. TECHNICAL R

3.1

AMS 2806

AMS 2808
AMS 7490

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

Identification, Forgings

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

ASTM Publications:

Available fror

ASTM A 751
ASTM E 8
ASTM E 8M
ASTM E 10
ASTM E 112
ASTM E 139
ASTM E 292

U.S. Governn

Available fror
Philadelphia,

MIL-STD-163

Composition:

Shall conform
specified in A

N ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

Methods, Practices, and Definitions for Chemical Analysis“of Steel| Products
Tension Testing of Metallic Materials
Tension Testing of Metallic Materials (Metric)
Brinell Hardness of Metallic Materials
Determining the Average Grain Size
Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of Metallic Materials
Conducting Time-for-Rupture Notch Tension Tests of Materials

nent Publications:

n Standardization Documents Order Desk, Building 4D, 700 Robbins fAvenue,
PA 19111-5094.

Steel Mill Products, Preparation for Shipment and Storage

FQUIREMENTS:

to the percentages by weight shown in Table 1, determined by analyfical methods
STMCA 751.
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TABLE 1 - Composition

Element min max
Carbon -- 0.06
Manganese -- 0.35
Silicon -- 0.35
Phosphorus == 0-026
Sulfur -- 0.015
Chromium 14.50 17.50
Nickel 39.00 44.00
Columbium + Tantalum 2.50 3.30
Titanium 1.50 2.00
Aluminum -- 0.40
Boron - 0.006
Copper -- 0.30
Iron remainder

3.1.1 Check Analysis: Composition variations shall meet the requirements of AMS 226
3.2 Melting Pract|ce:

Alloy shall be|produced by multiple melting using consumable electrode practice in
or shall be ingluction melted under vacutim. If consumable electrode remelting is n

the remelt cycle
bt performed in

vacuum, electrodes which have been produced by vacuum induction melting shall Ipe used.

3.3 Condition:
The product ghall be supplied in the following condition:

3.3.1 Bars, Forgings, @nd Flash Welded Rings: Solution heat treated and descaled.

3.3.1.1 Bars shallbe hotfinished—+round-bars-shall-be-turnedorground.

3.3.1.2 Flash welded rings shall not be supplied unless specified or permitted on purch
drawing. When supplied, rings shall be manufactured in accordance with AMS

aser's part
7490.

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:

3.4.1 Bars: Shall be solution heat treated by heating to a temperature within the range 1700 to 1800 °F
(927 to 982 °C), holding at the selected temperature within £25 °F (14 °C) for a time
commensurate with cross-sectional thickness, and cooling as required.

3.4.2 Forgings ar
°F (927 to 9
minutes, an

3.5 Properties:

The product 9

3.5.1 Bars, Forgif

3.5.1.1 As Solutig

3.5.1.1.1 Hardne
ASTM E

3.5.1.1.2 GrainS
with the|

3.5.1.1.2.1 Shall
under

3.5.1.1.2.2 Shall
Cross-

3.5.1.2 After StaQ

d Flash Welded Rings: Shall be heated to a temperature within the rar|1ge 1700 to 1800

82 °C), held at the selected temperature within £25 °F (14 °C),for'no
d cooled as required.

hall conform to the following requirements:
ngs, and Flash Welded Rings:
n Heat Treated:

5s: Shall be not higher than 277 HBgor equivalent, determined in accqg
10 (See 8.2).

ze: Shall be as follows, determined by comparison of a polished and ¢
chartin ASTM E 112 or in'case of disagreement, by the intercept (H

pe ASTM No. 5 orfiner in bars and flash welded rings 9 square incheg
in cross-sectional-area.

pe ASTM N@=14 or finer in bars and flash welded rings over 9 square in
sectionalarea and in all forgings.

ilization and Precipitation Heat Treatment: The product shall have the

t less than 30

rdance with

btched specimen

byn) method:
(58 cmz) and

ches (58 cm?) in

following

properties

after being stabilization-heat treated by heating to 1550 °F + 15 (843

°C % 8), holding

at heat for 3 hours + 0.25, and cooling in air to room temperature and precipitation heat treated
by heating to 1325 °F + 15 (718 °C + 8), holding at heat for 8 hours + 0.25, cooling at a rate not
faster than 100 F (56 C) degrees per hour to 1150 °F + 15 (621 °C * 8), holding at 1150 °F £ 15
(621 °C £ 8) for 8 hours + 0.25, and cooling in air. Instead of the 100 F (56 C) degrees per hour
cooling rate to 1150 °F £ 15 (621 °C % 8), the furnace cooling may be at any rate provided the
time at 1150 °F + 15 (621 °C + 8) is adjusted to give a total precipitation heat treatment time of 18

hours.

3.5.1.2.1 Tensile Properties: Shall be as specified in Table 2, determined in accordance with ASTM E 8
or ASTM E 8M.
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TABLE 2A - Minimum Tensile Properties, Inch/Pound Units

Tensile Re
Strength  at 0.2% Offset

ksi ksi

Nominal Diameter or Distance
Between Parallel Sides
Inches

Yield Strength  Elongation
in 4D
%

duction

of Area

%

12
12

Up to 2.50, excl
2.50 to 4.00, incl

170 130
165 130

15
15

TABLE 2B - Minimum Tensile Properties, Sl Units

Tensile Re
Strength  at 0.2% Offset

MPa MPa

|| Diameter or Distance
veen Parallel Sides
Millimeters

Nomind
Bet

Yield Strength  Elongation
in4b
%

duction
f Area
%

12
12

Up to 63.5, excl
8.5 to 101.6, incl

1172 896

6 1138 896

15
15

I3.5.l.2.2

3.5.1.2.3

3.5.1.23.1

3.5.1.2.3.2

3.5.1.2.3.3

Hardne
E 10 (S

5s: Shall be not lower than 285 HB, or equivalent, determined in accorg
be 8.2).

Stress-Rupture Properties at 1200 °F (649 °C): Shall be as follows; testing of
specimens and of combination smoeth-and-notched specimens shall be perfd
accordgnce with ASTM E 292 and-of smooth specimens in accordance with A

A star
292, 1
stress
The te

dard cylindrical combination smooth-and-notched specimen conformi
naintained at 1200 9F + 3 (649 °C + 2) while a load sufficient to produg
of 100 ksi (689'\MPa) is applied continuously, shall not rupture in less
st shall be continued to rupture without change of load. Rupture shal
smooth section-and elongation of this section after rupture, measured at rod
shall e not lewer than 4% in 4D for product 4.00 inches (101.6 mm) and ur
diameter ordeast distance between parallel sides.

ance with ASTM

notched
rmed in
STM E 139:

hg to ASTM E

e an initial axial
than 23 hours.

| occur in the

m temperature,
der in nominal

As an alternate procedure, separate smooth and notched specimens, mach

ined 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 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.

The tests of 3.5.1.2.3.1 and 3.5.1.2.3.2 may be conducted using a load higher than required
to produce an initial axial stress of 100 ksi (689 MPa) but load shall not be changed while test
is in progress. Time to rupture, rupture location, and elongation requirements shall be as

specified in 3.5.1.2.3.1.
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3.5.1.2.3.4 Thetests 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 100 ksi (689 MPa) shall be used to

rupture or for 23 hours, whichever occurs first. After the 23 hours and at int

ervals of 8 to 16

hours, preferably 8 to 10 hours, 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.

3.5.2 Forging Stock: When a sample of stock is forged to a test coupon and heat treated as in 3.4.2 and

3.5.3

3.6

3.6.1

3.7

4. QUALITY ASSURANCE PROVISIONS:

4.1

4.2

3.5.1.2, sppr‘impnc taken from the heat treated coupon shall conform to the I’Pﬁllli

ements of

3.5.1.2.1, 3|5.1.2.2, and 3.5.1.2.3. If specimens taken from the stock after heatctieatment as in

3.4.2 and 3|5.1.2 conform to the requirements of 3.5.1.2.1, 3.5.1.2.2, and 3.6:112
be accepted as equivalent to tests of a forged coupon.

Stock for Flash Welded Rings: Specimens taken from the stock after heat treatme
3.5.1.2 shall conform to the requirements of 3.5.1.2.1, 3.5.1.2.2, and 3.5.1.2.3.

Quality:

The product, ps received by purchaser, shall be uniform iR~quality and condition, so
from foreign materials and from imperfections detrimental to usage of the product.

Grain flow qgf die forgings, except in areas whictr,contain flash-line end grain, sh
general contour of the forgings showing no evidence of re-entrant grain flow.
Tolerances:

Bars shall conform to all applicable requirements of AMS 2261 or MAM 2261.

Responsibility for Inspection:

3, the tests shall

ntasin 3.4.2 and

und, and free

il follow the

The vendor of the groduct shall supply all samples for vendor's tests and shall be r¢
performing al| required tests. Purchaser reserves the right to sample and to perfor
confirmatory testing-deemed-necessa o-ensure that the product conforms-to the
this specification.

Classification of Tests:

psponsible for
any
equirements of

4.2.1 Acceptance Tests: Tests for the following requirements are acceptance tests and shall be

42.1

performed on each heat or lot as applicable.

.1 Composition (3.1) of each heat.

4.2.1.2 Hardness (3.5.1.1.1) and grain size (3.5.1.1.2) of each lot of bars, forgings, and flash welded

rings as solution heat treated.
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4.2.1.3 Tensile (3.5.1.2.1), hardness (3.5.1.2.2), and stress-rupture (3.5.1.2.3) properties of each lot of

bars, forg

ings, and flash welded rings after precipitation heat treatment.

4.2.1.4 Tolerances (3.7) of bars.

4.2.2 Periodic Tests: Tests of forging stock (3.4.2) and of stock for flash welded rings (3.4.3) to
demonstrate ability to develop required properties and tests for grain flow of die forgings (3.6.1) are

periodic tests and shall be performed at a frequency selected by the vendor unless frequency of
testing is specified by purchaser

4.3

4.3.1 Bars, Flash
4.3.2 Forgings: A

4.3.3 Grain size S

4.4

4.5

45.1 Bars, Flash

Sampling and

Shall be in ag

Reports:

The vendor o
chemical conj
the other acc
and lot numb
forgings are 5
forgings shall

Resampling &

Shall be in ag

Testing:
cordance with the following:
Welded Rings, and Stock for Forging or Flash Welded Rings: AMS 2

MS 2374.

f the product shall furnish with each shipment a report showing the reg
position of each heat and the fesults of tests on each lot to determine
bptance test requirements. ¢(This report shall include the purchase ord
br, AMS 5702C, solution"heat treatment temperature used, size, and ¢
also be included,

nd Retesting:

cordance.with the following:

Welded Rings, and Stock for Forging or Flash Welded Rings: AMS 2

B71.

amples shall be taken from the mid-radius or-quarter-thickness positipn.

sults of tests for
conformance to
br number, heat
uantity. If

upplied, the part number and the size and melt source of stock used {o make the

B71.

4.5.2 Forgings: AMS 2374.

5. PREPARATION FOR DELIVERY:

5.1

Sizes:

Except when exact lengths or multiples of exact lengths are ordered, straight bars will be acceptable
in mill lengths of 6 to 24 feet (1.8 to 7.3 m) but not more than 25% of any shipment shall be supplied
in lengths of 6 to 9 feet (1.8 to 2.7 m) except that for bars weighing over 25 pounds per foot (37 kg/

m), short lengths down to 2 feet (610 mm) may be supplied.
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