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SPECIFICATION 	Issued 7-15-63 

Revised 7-1-88 

• 

Submitted for rec~gnftion as an American National Standard 

Superseding AMS 5709D 

ALLUY BAR5 ~livU F~RGIN~S, CORRUSIOt~ AND HEAT RESISTANT 

5~s~vi - 15. 5l; r- 13. 5Co - 4.3h10 - 3. GTi - 1.4A1 - U. U5Zr - 0. UU6B 
Consumable Electrode or Vacuum Induction f~telted 

1 y 75°r (1~7 y °t;) Solution, Stabilization, and Precipitation Heat Treated 

UNS N07U01 

l. SCUPt: 

l.l Forr~~: Ttiis specification covers a corrosion and heat resistant nickel alloy 

in the form of bars, forginys, and forginy stock. 

1.2 Npplication: Primarily for Narts, such as pins, nuts, and turbine blades, 

requiring hiyh strenyth up to 15UU°F (~16°C) and oxidation resistance up to 
175U°F (9~4°G). 

Z. HPNLTCHbLE UGCUI~1ENTS: The following publications form a part of this 

specification to the extent specified herein. The latest issue of Nerospace 
hlaterial Specifications shall apply. The applicable issue of otf~er docurnents 

shall be as specified in AMS 235U. 

[.l S~E Publications: Available from SAt, 4UU Comn~onwealth Drive, Warrendale, 
PN 15Uy6. 

• 

SAE Technical Board Rules provide that: "This report is published by SAE to advancethe state of technical and engineering scierces. 
The use of this report is entirely voluntary, and its applicability and suitabifity for any particular use, including any patent in(ringement 
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 19 88 Society of Automotive Engineers, Inc. 	 Printed in U.S.A. 
All rights reserved. 
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2.1.1 Aerospace I~aterial Specifications: 

tiM5 2261 - Tolerances, Nickel, Nickel Alloy, and Cobalt Alloy Bars and 

Forging Stock 

~~w+l 21~1 - Tolerances, Metric, Nickel, Nickel Alloy, and Cobalt Alloy trars 

and Forging Stock 
w~iS 'L2b9 - Chemical Check Analysis Limits, Wrought iJickel Nlloys and 

Cobalt Alloys 

HI~IS 235U - Standards and Test i~lethods 
NP1S 2371 - t~uality Nssurance Sampling of Corrosion and Heat Resistant 

Steels and Alloys, Wrought Products txcept Forgings and 

Forginy Stock 
NI•IS 2;s74 - 4ua1 i ty Assurance Sarnpl i ny of Corrosi on and Neat kesi stant 

Steels and Nlloys, Forgings and Forging Stock 

~r~l:i 2~75 - Contrul of Foryings Kequiring rirst Article Approval 
Ai~~IS 2~U6 - Identification, Bars, Wire, f~echanical Tubing, and 

txtrusions, Carbon and Al1oy Steels and Corrosion and Heat 

Resistant Steels and Alloys 
AI~IS 2~U~ - Iaentification, rorginys 

'L.2 HSTffI Publications: Availa~le from American Society for Testing and 

Materials, 1916 rtace Street, Philadelphia, PA 191U"s. 

ASfl~l E1~ - Kockwell Nardness and kockwell Superficial Hardness of 

I~letal l ic t~iaterial s 
ASfl ,i E139 - Conductiny Creep, Creep-Rupture, and Stress-Rupture Tests 

of P~etal l i c i~~lateri al s 
AStl~l E354 - Chemi cal Nnalysi s of Hi yi~-~~emperature, El ectri cal , Magnetic, and 

Other Similar Iron, ~dickel, and Cobalt Nlloys 

2.3 U.S. Goverrnnent I'ublications: Availaole from Commanding Ufficer, Naval 

Publications and Forms Center, 5~01 Tabor Avenue, Philadelphia, PA 1912U. 

2.3.1 	1~iilitary Specifications: 

I~II~-STu-163 - Steel I~lill Products, Preparation for Shipr~ent and Storage 

~ 

• 

• 
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Page 3 	 ~i,c~ 	 AMS 5709E 

3. 	~tCNIJ 1 LHL Ktt~U Ir~tl rltlVl S: 

3.1 ~or~ osition: Shall conform to the followiny percentages by weight, 
ID 	etermine by wet chemical methods in accordance with AS71 •~I E354, by 

spectroci~emical inethods, or by other analytical methods acceptable to 
purchaser: 

min 	max 

• 

• 

Garbon 0.02 	- U.10 
i~tanyanese - 0.10 
Silicon - 0.15 
Nnosphorus - 0.015 
Sulfur - U.015 
Chromium 1~.OU 	- 21.00 
Cobalt 12.00 	- 15.OU 
f~lolybdenurn 3.50 	- 5.00 
Titaniurn 2.75 	- 3.'L5 
Nluminum 1.20 	- 1.60 
Zirconium 0.02 	- U.08 
tsoron u. UO3 - 0. O1 U 
Iron - Z.00 
Copper - 0.10 
~ead - 0.0005 (5 	ppm) 
~ismutn - O.00UO3 (0.3 ppm) 
Selenium - U.U003 (3 	ppm) 
rvi cKel remai nder 

3.1.1 Check Nnalysis: Coniposition variations shall meet the applicable 
requi rements of w Yis 22b9. 

3.2 Conaition: Tne proauct shall pe supplied in the following condition: 

3.[.1 ~ars: Solution, stabilization, and precipitation heat treated and 
descaled. 

3.[.1.1 dars snall be hot rolled or extruded; round bars shall be ground or 

turned. 

`s.'L.[ Foryings: Solution, stabilization, and precipitation heat treated. 

3.2.3 Forging Stock: As ordered by the forging manufacturer. 

3.3 Heat ~~reatment: ~ars and forgings shall be heat treated as follows: 

3.3.1 Solution: Heat to 1975°r + Z5 (1079°C + 14), hold at heat for 4 hours 

+ U.S, and cool at a rate equivalent to air cool or faster. 

3.3.2 Stabilization: Heat to 155U°F + 15 (~43°C + 8), hold at heat for 4 hours 
+ U.~, except that blade forgings shall be Field at heat for 24 hours + 1, 

and cool in air. 	 — 

3.s.3 Precipitation: Heat to 140U°r + 15 (760°C + g), hold at heat for 

16 hours + 1, and cool in air. 
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3.4 Properties: The product shall conform to the following requirements: 

3.4.1 ~ars and Forgings: 

3.4.1.1 Hardness: Shall be 32 - 42 HKC, or equivalent, deterrnined in accordance 
with ASTM E1~. 

3.4.1.2 ~rain Size: Shall be substantially uniforrn without pronounced 

segregation of fine and coarse grain areas. Clusters of large 

gerr~~inated grains are not acceptable. Standards for acceptance shall be 

as ayreed upon by ~urchaser and vendor. 

3.4.1.3 Stress-ku ture Pro erties at 15UU°F (~16°C): A tensile specimen, 

maintained at 15UU°F + 3 ~~d°~ + Z while a load sufficient to produce 

an initial axial stress of 47,5U~ psi (32~ f~Pa) is applied continuously, 
shall not rupture in less than 'L3 hours. The test shall be continued to 

rupture ~~itnout chanye of load. Elongation after rupture, measured at 
room temperature, shall be not lower than 8% in 4U. Tests shall be 
conducted i n accordance v~i th ASTf~I E139. 

s.4.1.3.1 The test ofi 3.4.1.3 may be conducted using a load higher than required 

to produce an initial axial stress of 47,5UU psi {32~ IYIPa) but load 
shall not be changed while test is in progress. Time to rupture and 
elongation requirements shall be as specified in 3.4.1.3. 

3.4.1.3.'L When permittea by purchaser, the test of 3.4.1.3 may be conducted 

usiny incremental loading. In such case, the load required to produce 
an initial axial stress of 47,50U psi (32~ h1Pa) shall be used to 

rupture or for 23 hours, tivhichever occurs first. After the 23 hours 

and at intervals of ~- 16 hours, preferably ~- 1~ hours, thereafter, 
the stress shall be increased in increments of 5,OU0 psi (34 MPa). 

Time to rupture and elongation requirements shall be as specified in 
3.4.1.3. 

:~.4.2 roryiny Stock: When a sample of stock is foryed to a test coupon and heat 

treated as in "s.3, specimens taken from the heat treated coupon shall 
confori~i to the requirements of 3.4.1.1, 3.4.1.2, and 3.4.1.3. 	If 

specimens taken from the stock after Y~eat treatment as in 3.3 conform to 

t~~e reyuirements of 3.4.1.1, and 3.4.1.2, and 3.4.1.3, the tests shall be 

accepted as equivalent to tests of a forged coupon. 

"s. 5 t~ual i ty : 

3.5.1 Hlloy shall be produced by multiple melting usiny consumable electrode 

Nractice in the remelt cycle or shall be induction rnelted under vacuum. 

3.5.2 The product, as received by purchaser, shall be uniforrn in quality and 

c~ndition, sound, and free from foreign materials and from imperfections 
detrimental to usage of the product. 

• 

• 

"s.5.2.1 Forgings shall have substantially uniform macrostructure. Standards for 

acceptance shall be as agreed upon by purchaser and vendor. • 
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Page 5 	 ~.;c~ 	 AMS 5709E 

3.~.'L.Z ~rain flow of die foryings, except in areas whicii contain flash-line end 
!D 	grain, shall follow tne general contour of the forgings showing no 

2vidence of re-entrant grain flow. 

3.6 Sizes: Except when exact lenyths or multiples of exact lengths are ordered, 
straight pars will de acceptable in nill lengths of 6- 24 feet (1.8 - 

7.3 m) but not more than 'L5% of any shipment shall be supplied in lengths of 
b- y feet (1.~ - Z.7 rn) except that for bars weighing over 25 pounds/foot 
(37.2 kg/m), short lengths down to 2 feet (61U mm) may be supplied. 

3.7 Tolerances: Bars and f~rying stock shall conforn to all applicable 

reyui rements of A~ rl~ 2261 or h~Aln 2261 . 

4. 4uNLITY tiSSu~t~livl;E PFt~VISIUi~S: 

4.1 kesponsibility for Inspection: The vendor of the product shall supply all 

samples for vendor s tests and shall be responsible for performing all 
required tests. rtesults of such tests shall be reported to the purchaser as 

reyuired by 4.5. Purchaser reserves the rigtit to sample and to perform any 
confirmatory testing deei~ed necessary to ensure that the product conforms to 

the requirements of tnis specification. 

4.[ ~lassification of 1-ests: 

4.'L.l Ncceptance l~ests: Tests to determine conforrnance to the following 

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

4.c.1.1 ~omposition (3.1) of eacn heat. 

4.~.i.2 ~tardness 13.4.1.1), grain size (3.4.1.2), and stress-rupture properties 

(3.4.1.3) of each lot of bars and forgings. 

~I.[.1.3 1- olerances (3.7) of bars and forying stock. 

4.2.2 Neriodic Tests: Tests of forginy stock (3.4.2) to demonstrate ability to 

aevelop rec,uired properties are classified as periodic tests and shall be 

perforined at a frequency selected by the vendor unless frequency of 
testing is specified by purchaser. 

~.1.3 Pre~roduction Tests: Tests of forgings to determine conformance to all 

applicable technical requirements of this specification when AI+1S 2375 is 

specified are classified as preproduction tests and shall be performed 
prior to or on tne first-article shipment of a forging to a purchaser, 

when a change in material, processing, or both requires reapproval as in 
4.4, and when purchaser deems confirmatory testing to be required. 

4.2.3.1 For direct U.S. Military procurement of forgings, substantiating test 

data and, when requested, preproduction forgings shall be submitted to 

the cognizarit agency as directed by the procuring activity, contracting 

officer, or request for procurement. 
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