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1. SCOPE: 

l.l Farm: This specification covers a eorrosion and heat resistant nickel alloy 
~ 	1n t e form of seamless tubing. 

1.2 A lication: Primarily for fluid lines requiring high strength up to 1500°F 
an oxidation resistance up to 1800°F (980°C). Rarts may be formed 

and then heat treated to improve strength at elevated temperatures. 

2. APPLICABLE DOCUMEN'TS: The following publfcations form a part of this 
speci cation to t e extent speciffed herein. The latest issue of Aerospace 
Material Specifications shall apply. The applicable issue of other documents 
shall be as specified in AMS 2350. 

2.1 SAE Publications: Available from SAE~ 400 Commonwealth Drive, Warrendale, 

2.1.1 Aerospace Material Specificatians: 

Ah~S 2263 - Tolerances, Nickel, Nickel Alloy, and Cobalt Alloy Tubing 
MAM 2263 - Tolerances, Metric, Idickel, Nickel Al1oy, and Cobalt Alloy 

Tubing 

AMS 2269 - Chemica~ Chec~C Ar~alysis Limits, Wraught Nicke~ Ailoys and 
Cobalt Alloys 

AMS 2350 - Standards and Test Methods 

aNIS 2371 - Quality Assurance Sampling of Corrosion and Heat Resistant 
Steels and Alloys, Mfrought Products Except Forgings and 
Farging Stock 

SAE 7echnicel Boarid Ru~es provide thet: "This report is pub pshed by SAE to advence the stabe of teeh~ic~ and e~gineer~g sciences. 
TAe use ot this report ~s enWely voCur ►t~y, arid its appNcabilily and su~abifi4y for ~y partiCUlar use, ind~ding any pa~r~t infringemert 
arisfng thsrefrcun, is the sole respons~~iity of the user." 

AMS documerMs are protected under Llnited Stetes and iniemational cnpyright faws. ReproducUext of Eh~ese ~oco~nerrts by any 
means is strictiy prohibited without the writGen cor ►sent of the pubqsher. 

'#~; ' , 
~oPYn9~ 19 8 7~ah+  ~ Au~o►na►ve Er,gineers. tnc. 	 ~~~~~ 	 Prir►ted 'm U.SA 

~/9 ~ 
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2.2 ASTM Publications: Available from American Society for Testing and 
,ateria s, 	ace Street, Philadelphia, PA 19103. 

AS1T1 E8 	- Tension Testing of Metallic Materials 
ASTM E112 - Determining Average Grain Size 
ASTM E354 - Chemical Analysis of High-Temperature, Electrical, Magnetic, and 

Other Similar Iron, Nickel, and Cobalt Alloys 

2.3 U.S. Govern~ent Publications: Available from Commanding Officer, Naval 
Pub ications and Forms Center, 5801 Tabor Avenue, Phila~elphia, PA 19120. 

2.3.1 Military Standards: 

P~IL-STD-163 - Steel Mill Products, Preparation for Shipment and Storage 

3. TECHNICAL REQUIREhiENTS: 

3.1 Composition: Shall conform to the following percentages by weight, 
~ 	determined by wet chemical methods in accordance with ASTM E354 or by 

spectrochemical or other analytical methods approved by purchaser: 

min max 

Carbon -- 0.08 
Manganese -- 1.00 
Silicon -- 0.50 
Sulfur -- 0.010 
Chromium 14.00 - 17.00 
Nickel 	+ Cobalt 70.00 -- 
Columbium + Tantalum 0.70 - 1.20 
Titanium 2.25 - 2.75 
Aluminum 0.40 - 1.00 
Iron 5.00 - 9.00 
Cobalt 	(3.1.1) -- 1.00 
Copper -- 0.50 

3.1.1 Determination not required for routine acceptance. 

3.1.2 Check Analysis: Composition variations shall meet the requirements of 

3.2 Condition: Annealed and descaled. Annealing shall be performed in a 
sui ab~Te protective atmosphere at such temperature and for such time as will 
produce tubing meeting the requirements of 3.4. Cooling from the annealing 
temperature shall be at a rate equivalent to air cool or faster. 

3.3 Fabrication: Tubing shall be produced by a seamless process. The external 
an internal surface finishes may be produced by pickling, bright annealing, 
or any method which will provide the required surface condition and which 
will not affect the limits of wall thickness or corrosion resistance. 

• 

• 

• 
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• 

• 

• 

3.4 Properties: Tubing 0.125 in. (3.00 mr~) and over in nominal OD and 0.015 in. 

. 	mm and over in nominal wall thickness shall conform to the following 
requirements. Properties of tubing under 0.125 in. (3.00 mm) in nor~inal OD 
or under 0.015 in. (0.36 mm) in nominal wall thickness shall be as agreed 
upon by purchaser and vendor. 

3.4.1 As Annealed: 

3.4.1.1 Tensile Properties: Shall be as follows, determined in accordance with 

Tensile Strength, max 	 140,000 psi (965 MPa) 

Yield Strength at 0.2% Offset, max 	 80,000 psi (550 MPa) 

Elongation in 2 in. (50 mm) or 4D, min 
Strip Specimen 	 30% 
Full Tube 	 35~ 

3.4.1.2 Grain Size: Shall average not over 0.0060 in. (0.15 mm) in diameter 
Grain Size No. 2.5), determined by comparison of a polished and etched 
specimen with the chart in ASTM E112. 

3.4.1.3 Flarability: Specimens as in 4.3.1 from tubing 0.188 to 2.Q00 in. (4.75 
to 	. 	mm), incl, in nominal OD shall withstand flaring at room 
temperature, without formation of cracks or other visible defects, by 
being forced axially with steady pressure over a hardened and polished 
tapered steel pin having a 74 deg included an41e to produce a flare 
having a permanent expanded OD not less than 1.20 times the original 

nominal OD. 

3.4.1.3.1 Flarability requirements for tubing with nominal OD over 2.000 in. 
(50.00 mm) or under 0.188 in. (4.75 mm) shall be as agreed upon by 
purchaser and vendor. 

3.4.1.4 Pressure Test: Tubina shall show no bulges, leaks, pinholes, cracks, or 
ot er e ects when subjected to an internal hydrostatic pressure (P) 
sufficient to cause a tensile stress of 20,000 psi (140 MPa) in the 
tubing wall. The hydrostatic pressure (P) shall be determined from th~ 
equation: 

P=S 
D2-d2 
p2+d2 

where, P= Test pressure in psi (MPa) 
S = 2C,000 psi (140 MPa) 
D= Mominal OD in inches (mm) 
d= Nominal IQ in inches (mm) 

3.4.2 After Precipitation Heat Treatment: Tubing shall have the following 
properties after being precipitation heat treated by heating to 
1300°F + 25 (705°C + 15), holding at heat for 20 hr + 1, and cooling in 
air: 	— 
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3.4.2.1 Tensile Properties: Shall be as follows, determined in accordance with 

Tensile Strength, min 	 155,000 psi (1070 MPa) 
Yield Strength at 0.2~ Offset, min 	 100,000 psi ( 690 MPa) 
Elongation in 2 in. (50 mm) or 4D, min 

Strip Specimen 	 15q 
Full Tube 	 20~ 

3.5 Quality: 

3.5.1 Tubing, as received by purchaser, shall be uniform in quality and 
condition and shall have a finish conforming to the best practice for high 
quality aircraft tubinr, It shall be smooth, and free from heavy scale or 
oxide, burrs, seams, tears, grooves, laminations, slivers, pits, and other 
imperfections detrimental to usage of the tubing. Surface imperfections 
such as handling marks, straightening marks, light mandrel and die marks, 
shallow pits, and scale pattern will not be considered injurious if the 
imperfections are removable within the tolerances specified for wall 
thickness but removal of such imperfections is not required. 

3.5.2 Tubing shall be free from grease or other foreign matter. A clean white 
cloth shall not collect metallic flakes or particles when it is drawn 
through the length of the bore of a test sample. Discoloration of the 
cloth, without the presence of flakes or grit, is acceptable. 

3.6 Sizes: Except when exact lengths or multiples of exact lengths are ordered, 
~ 	straight tubing will be acceptable in mill lengths of 6- 24 ft (2 - 7.5 m) 

but not more than 25% of any shipment shall be supplied in lengths shorter 
than6-9ft (2-3m). 

3.7 Tolerances: Shall conform to all applicable requirements of AMS 2263 or 
MAM 2263. 

4. QUALITY ASSURANCE PROVISIONS: 	 , 

4.1 Responsibility for Inspection: The vendor of tubing shall supply all 

samples for vendor s tests and shall be responsible for performing all 
required tests. Results of such tests shall be reported to the purchaser as 
required by 4.4. Purchaser reserves the right to sample and to perform any 
confirmatory testing deemed necessary to ensure that the tubing conforms to 
the requirements of this specification. 

4.2 Classification of Tests: 

4.2.1 Acceptance Tests: Tests to determine conformance to requirements for 
~ 	composition 3.1), tensile properties (3.4.1.1 and 3.4.2.1), grain size 

(3.4.1.2), pressure test (3.4.1.4), and tolerances (3.7) are classified as 
acceptance tests and shall be performed on each heat or lot as applicable. 

• 

• 

• 
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