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ALLOY BARS, FORGINGS, AND RINGS, CORROSION AND HEAT RESISTANT
41.5Ni - 16Cr - 37Fe - 2.9Cb - 1.8Ti
Consumable Electrode or Vacuum Induction Melted,
1750°F (955°C) Solution, Stabilization, and Precipitation Heat Treated
UNS N09706

1. SCOPE[

1.1 Form: This specification covers a corrosion and heat resistant nickel alloy
in the form of bars, forgings, flash welded rings, and stock for forging or
flash welded rings.

1.2 Appliication: Primarily for parts requiring a<combination of résistance to
creep and stress-rupture up to 1300°F (705°C), oxidation resistance up to
1800PF (980°C), and good machinability.

2. APPLICABLE DOCUMENTS: The following pubtications form a part of this
specification to the extent specified\herein. The latest issue|of Aerospace

‘ Materjial Specifications shall apply:,” The applicable issue of other documents
shall{be as specified in AMS 2350

2.1 SAE Publications: Availablg:from SAE, 400 Commonwealth Drive, [Warrendale,
PA 1p096.

2.1.1 Aejospace Material.Specifications:

AMp 2261 - Tolerances, Nickel, Nickel Alloy, and Cobalt Alloy Bars and
Forging Stock
MAM 2261 .-Tolerances, Metric, Nickel, Nickel Alloy, and Cobalt Alloy
Bars and Forging Stock
AMp 2269 - Chemical Check Analysis Limits, Wrought Nickel Alloys and
Cobalt Alloys
AM5—2350—Standards—andTFestMetheds—— — ————
AMS 2371 - Quality Assurance Sampling of Corrosion and Heat Resistant
Steels and Alloys, Wrought Products Except Forgings and
Forging Stock
AMS 2374 - Quality Assurance Sampling of Corrosion and Heat Resistant
Steels and Alloys, Forgings and Forging Stock
AMS 2375 - Control of Forgings Requiring First Article Approval

SAE Technical Board Rules provide that: “This reportis published by SAE to advance the state of teqhnica! and engineeripg §ciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
‘ arising therefrom, is the sole responsibility of the user.”

AMS documents are protected under United States and international copyright laws. Reproduction of these documents by any
means is strictly prohibited without the written consent of the publisher.

Copyright 1988 Society of Automotive Engineers, Inc. Printed in U.S.A.

Alf rights reserved.
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2.1.1 Aerospace Material Specifications (Continued):

AMS 2806 - Identification, Bars, Wire, Mechanical Tubing, and Extrusions,
Carbon and Alloy Steels and Heat and Corrosion Resistant
Steels and Alloys

AMS 2808 - Identification, Forgings

AMS 7490 - Rings, Flash Welded, Corrosion and Heat Resistant Austenitic
Steels and Austenitic-Type Alloys

2.2 ASTM Publications: Available from American Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.

ASTM A75 Methods, Practices, and Definitions for Chemical Analyslis of
Steel Products

ASTM E8 | - Tension Testing of Metallic Materials

ASTM E10| - Brinell Hardness of Metallic Materials

ASTM E112 - Determining Average Grain Size

ASTM E139 - Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of
Metallic Materials

ASTM E294 - Conducting Time-for-Rupture Notch Tensdon Tests of Materials

2.3 U.S. Government Publications: Available from Commanding Officer, Naval
Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA [19120.

2.3.1 Militany Standards:

MIL-STD-163 - Steel Mill Products, “Preparation for Shipment and Sjtorage
3. TECHNICAL [REQUIREMENTS:

3.1 Composition: Shall conform.to” the following percentages by weight,
@ determindd by any of the analytical methods specified in ASTM A751:

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 + 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 2269.
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3.2 Condition:

3.2.1

Bars,

Forgings, and Flash Welded Rings:

precipitation heat treated and descaled.

3.2.1.1

3.2.1.2
on
in

3.2.2 Stock—forForging—orFlash Welded Rings+—As—ordered by the for

purchaser's part drawing.
accordance with AMS 7490.

f1asJ
3.3 Heat T

welded ring manufacturer.

eatment: Bars, forgings, and flash welded rings shall be

treated as follows:

3.3.1 Soluf

jon Heat Treatment:

3.3.1.1 Bay
red
ten
th{
wit
3.3.1.2 For
771
+24

3.3.2 Stab

's: No specific heat treating instructionSyare specified
fominended that the bars be solution heat‘treated by heatin
iperature within the range 1700° - 1800°F (925° - 980°C),

The product shall be supplied in the following condition:

Solution, stabilization, and

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

Flash welded rings shall not be supplied unless specified or permitted
When supplied, they shall be manufactured

ging or

heat

ut it is
to a
olding at

» selected temperature within +25°F (+15°C) for a time commensurate

h cross-sectional thickness, and:cooling as required.

Shall be heated within the

range

r'gings and Flash Welded Rings:
0% - T800°F (925° - 980°C), held at the selected temperatyre within

°F (+15°C) for not less than 30 min., and cooled as requi

lization Heat Treatment: Heat to 1550°F + 25 (845°C + 8)

heat

3.3.3 Prec

for 3 hr + 0.25, and cool in air to room temperature.

pitation Heat Treatment: Heat to 1325°F + 15 (720°C + 8)}

heat

8 hr
rate
prov
prec

red.

hold at

hold at

for 8 hr + 0.25, furnace cool at a rate not faster than 1w0°F (55°C)
per hr to 11505F % 15 (620°C + 8), hold at 1150°F + 15 (620°C

+ 0.25,~and cool in air.” Instead of the 100°F (55°C) per
1o 1150 F + 15 (620°C + 8), the furnace cooling may be at
ded‘the time at 1150°F + 15 (620°C + 8) is adjusted to gi
pitation heat treatment time of 18 hours.

1t 8) for

'hr cooling
any rate
e a total

3.4 Properties:

3.4.1

Bars, Forgings, and Flash Welded Rings:

The product shall conform to the following requirements:
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3.4.1.1 Ten

sile Properties:

acc

Nominal Diameter or Distance

Between P
I

Up to
2.50 to

Nominal Diam
Between P
Mill

Up to
62.5 to

3.4.1.1.1 T

n
u

3.4.1.2 Har

acc
bas

3.4.1.3 Gra

and
dis

3.4.1.3.1 S

9
3.4.1.3.2 S
9

3.4.1.4 Str

ordance with ASTM ES.
TABLE I
Tensile Yield Strength Elongation

arallel Sides Strength at 0.2% Offset in 4D
nches psi, min psi, min %s min
2.50, excl 170,000 130,000 12

4,00, incl 165,000 130,000 12

TABLE I (SI)

¢ter or Distance Tensile Yield Strength Elongation
arallel Sides Strength at 0.2% Offset in 4D
metres MPa, min MPa, min %, min
62.5, excl 1170 895 12
00.0, incl 1140 895 12
ensile property requirements for product over 4.00 in. (10d.
minal diameter or distance between parallel sides shall be
ion by purchaser and vendor.

ness: Should be not lower than 285 HB, or equivalent, def
rdance with ASTM E10, but the product shall not be rejecte

s of hardness if the tensdle property requirements are met.

n Size: Shall be as follows, determined by comparison of

etched specimen with the chart in ASTM E112 or, in case of
greement, by the.intercept (Heyn) method:

all be predom1nantly 5 or finer in bars and flash welded r
sq in. (58u¢cm ) and under in cross-sectional area.

hall be predom1nant1y 4 or finer in bars and flash welded r
sq. is (58 cm?) in cross-sectional area and in all forging

a4 _Ionnor frirnorl. L h |

21l bha oo £
-QD I\uBbulC I'IUPCI LICD Gl' TEUU ] A\VJVU L/ . SJITATT UL do TUT

9

Shall be as specified in Table I, determined in

Reduction
of Area
%, min

15
15

Reduction
of Area
%, min

15
15

0 mm) in
as agreed

ermined in
d on the

a polished

ings

ings over
S.

OWS;

testing of notched specimens and of combination smooth-and- notched

specimens shall be performed in accordance with ASTM E292 and of smooth

spe

cimens in accordance with ASTM E139:
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3.4.1.4.1 A standard cylindrical combination smooth-and-notched specimen

3.4.1

conforming to ASTM E292, maintained at 1200°F + 3 (650°C + 2) while a
Toad sufficient to produce an initial axial stress of 100,000 psi (690
MPa) is applied continuously, shall not rupture in less than 23

nours. The test shall be continued to rupture without change of

load. Rupture shall occur in the smooth section and elongation of
this section after rupture, measured at room temperature, shall be as
specified below.

Nominal Diameter or Distance Elongation
Between Parallel Sides in 4D
trehes M Hmetres———— b
ug to 4.00, incl Up to 100.0, incl 4
Over 4.00 Over 100.0 As agreed-upon by

purchaseroand vepdor

4.2 |[As an alternate procedure, separate smooth and notched spgcimens,

machined from adjacent sections of the same piece, with ghage sections
conforming to the respective dimensions shown in ASTM E29P may be
tested individually under the conditions of 3.4.1.4.1. The smooth
specimen shall not rupture in less thanm 23 hr and elongatjon after
rupture, measured at room temperature, shall be as specifjed in
3.4.1.4.1. The notched specimen:§hall not rupture in lesp time than
the companion smooth specimen bit need not be tested to rupture.

3.4.1.4.3 |The tests of 3.4.1.4.1 and. 3.4.1.4.2 may be conducted usipg a 1oad

higher than required to produce an initial axial stress of 100,000 psi
(690 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-3.4.1.4.1.

3.4.1.4.4 [When permitted\by purchaser, the tests of 3.4.1.4.1 and 3,4.1.4.2 may

3.4.2

3.4.3

be conducted usSing incremental loading. In such case, thg load
required_torproduce an initial axial stress of 100,000 psfi (690 MPa)
shall bevused to rupture or for 23 hr, whichever occurs flirst. After
the 23-hr and at intervals of 8 - 16 hr, preferably 8 - 1D hr,
theréafter, the stress shall be increased in increments of 5,000 psi
(35 MPa). Time to rupture, rupture location, and elongatfion

Forging Stock: When a sample of stock is forged to a test coupon,

solution heat treated as in 3.3.1.2, stabilization heat treated as in
3.3.2, and precipitation heat treated as in 3.3.3, specimens taken from
the heat treated coupon shall conform to the requirements of 3.4.1.1,
3.4.1.2, 3.4.1.3, and 3.4.1.4. If specimens taken from the stock after
heat treatment as specified above conform to the requirements of 3.4.1.1,
3.4.1.2, 3.4.1.3, and 3.4.1.4, the tests shall be accepted as equivalent
to tests of a forged coupon.

Stock for Flash Welded Rings: Specimens taken from the stock after heat

treatment as in 3.3 shall conform to the requirements of 3.4.1.1, 3.4.1.2,
3.4.1.3, and 3.4.1.4.
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3.5 Quality:

3.5.1 Alloy shall be produced by multiple melting using consumable electrode
practice in the remelt cycle or shall be induction melted under vacuurm,
If consumable electrode remelting is not performed in vacuum, electrodes
which have been produced by vacuum induction melting shall be used.
3.5.2 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.

3.5.2.1 Fordings shall have substantially uniform macrostructure. Stahdards for

acceptance shall be as agreed upon by purchaser and vendor,

3.5.2.2 h-1ine end

h no

Grain flow of die forgings, except in areas which conta’in flas
grain, shall follow the general contour of the forgings ' showin
evidence of re-entrant grain flow.

3.6 Sizes: [Except when exact lengths or multiples of é€xact lengths ar
straight| bars will be acceptable in mill lengthsof 6 - 24 ft (2 -
but not more than 25% of any shipment shall be:supplied in lengths
6 -9 ftl (2 - 3 m) except that for bars weighing over 25 1b per ft
(37 kg/m), short lengths down to 2 ft (600 mm) may be supplied.

3.7 Tolerandes: Bars and forging stock shall conform to all applicabl

requirenents of AMS 2261 or MAM 2261.

P ordered,
7.5 m)
of

D

4, QUALITY ASSURANCE PROVISIONS:

4.1 ResponsiLi]ity for Inspection:" The vendor of the product shall supply all
samples [for vendor's tests ‘and shall be responsible for performing| all
required tests. Resultstof such tests shall be reported to the purchaser as
required by 4.5. Punchaser reserves the right to sample and to perform any
confirmaltory testing. deemed necessary to ensure that the product cpnforms to
the requirements «0f this specification.

4.2 C(Classifilcation-of Tests:

4.2.1 Accepthnce Tests: Tests to determine conformance to the followipg
requirements are classitied as acceptance tests and shall be performed on
each heat or lot as applicable.

4.2.1.1 Composition (3.1) of each heat,

4,2.1.2 Tensile properties (3.4.1.1), hardness (3.4.1.2), crain size (3.4.1.3),

and stress-rupture properties (3.4.1.4) of each lot of bars, forgings,
and flash welded rings.

4.2.1.3 Tolerances (3.7) of bars and forging stock.
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4.2.2 Periodic Tests: Tests of forging stock (3.4.2) and stock for flash welded

S
w

3.1

Sampling: Shall be in accordance with the folloWing:
.1

3.2

3.3

A

accordance with AMS 2375.

Reports:

N

rings (3.4.3) to demonstrate ability to develop required properties are
classified as periodic tests and shall be performed at a frequency
selected by the vendor unless frequency of testing is specified by
purchaser.

Preproduction Tests: Tests of forgings to determine conformance to all
applicable technical requirements of this specification when AMS 2375 is
specified are classified as preproduction tests and shall be performed
prior to or on the first-article shipment of a forging to a purchaser,
when a change in material, processing, or both requires reapproval as in
4,4 —and—whenmpurchaser—deems conf iTmatory testinmgto be required.

For direct U.S. Military procurement of forgings, substantidting test
data and, when requested, preproduction forgings shallybe sybmitted to
the cognizant agency as directed by the procuring activity, |contracting
offficer, or request for procurement.

Barg, Flash Welded Rings, and Stock for Flash Welded Rings: AMS 2371.

Fordings and Forging Stock: AMS 2374.

Grajn size samples shall be taken firom the mid-radius or 1/4-fhickness
posijtion.

roval: When specified, approval and control of forgings shall be in

The [vendor of the-product shall furnish with each shipment a rjeport
showing the results of tests for chemical composition of each |[heat and the
resylts of tests on each lot to determine conformance to the gther
acceéptance (test requirements of this specification. This repgrt shall
include the purchase order number, heat number, AMS 5703B, solution heat
tregtment temperature used, size, and quantity. If forgings dre supplied,
the |part number and the size and melt source of stock used to [make the
forgimgsshatT—aTso be—inciudeds

The vendor of finished or semi-finished parts shall furnish with each
shipment a report showing the purchase order number, AMS 57038, contractor
of other direct supplier of material, part number, and quantity. When
material for making parts is produced or purchased by the parts vendor,
that vendor shall inspect each lot of material to determine conformance to
the requirements of this specification and shall include in the report
either a statement that the material conforms or copies of Taboratory
reports showing the results of tests to determine conformance.
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