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Vacuum Arc or Electroslag ker~ielted 
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1. SCOPE: 

1.1 Form: This specification covers a preR~ium aircraft-quality, low-alloy steel 
, 	in the form of bars, forgings, mechanical tubing, and forying stock. 

1.2 Application: Primarily for carburized parts requiring high riinimum core 
hardness in sections 0.375 inch (9.52 nr~~) and under in nominal thickness, 
and which are subject to rigid magnetic particle standards. The core may or 
may not be machinable after hardening. 

2. APPLICABLE DOCUhIENTS: The following publications forn~ a part of this 
specification to the extent specified herein. The latest issue of Herospace 
Material Specifications and Aerospace Staridards shall apply. The applicable 
issue of other documents shall be as specified in Ah~S 235U. 

2.1 SNE Publications: Available fror~~ SAE, 40U Corinionwealth Urive, warrendale, 
PA 15096. 

SAE Technical Board Rules provide that: "This report is published by SAE to advance the state of technicel end engineenng sciences. 
The use of this report is entlrely voluntary, and its applicabilily and suitability for any particular use, including any patent inhingement 
arising therefrom, is the sole responsibility of the user." 

AMS documents are protected under United States and intemational copyrigM laws. Reproduction of these documents by any 
means is strictly prohlbited without the written conserrt of the publisher. 

Copyright 1988 ~iety of Automotive Engineers, Inc. 	 Printed in U.S.A. 
All rights reserved. 
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2.1.1 Reros~ace htaterial Specifications: 

Nh1S 2251 - Tolerances, Lo~a-Alloy Steel Bars 
hlAh1 2251 - Tolerances, h1etric, Low-Nlloy Steel Bars 
ANIS 2~53 - Tolerances, Carbon and tilloy Steel Tubing 

f~~APi 2253 - Tolerances, h1etric, Carbon and Alloy Steel Tubing 
ANIS 2259 - Chemical Check Nnalysis Liniits, wrought Low-Nlloy ana Carbon 

Steels 

AN~S 23G0 - Pren~iur~ Aircraft-Quality Steel Cleanliness, Magnetic Particle 

Inspection Procedure 

h1ANl 2~U(; - Prer~iur~~ Aircraft-4uality Steel Cleanliness, hiagnetic Particle 
Inspection Procedure, fi~etric (SI) f~ieasuren~ent 

AP~iS 235U - Standards and Test f~iethoas 
Ah1S 2370 - Quality Assurance Sar~ipliny of Carbon and Low-Nlloy Steels, 

Wrought Products Except Forgings ana Forying Stock 

ANiS 237'L -(~uality Assurance Sampliny of Garbon and Luw-Nlloy Steels, 
Forginys and Forging Stock 

AMS 'L375 - Control of Forgings Requiring First Nrticle Ap~roval 

AP9S L806 - Identif~ication, bars, Wire, Niechanical Tubing, and Extrusions, 

Carbon and Nlloy Steels and Corrosion ar~d Heat kesistant 
Steels and Alloys 

AhiS 28U8 - Identification, Forgings 

2.1.2 Aerospace Stand~rds: 

AS 118`L - Standard f°1achininy Allowance, Aircraft Quality and Prer~~iur~~ 
Quality Steel Products 

2.2 AS1~Ni Publications: F+vailable fror~~ tir~~erican Society for Testing and 
h1aterials, 1916 Race Street, Philadelpriia, PA 191U3. 

ASTh1 A255 - End-(~uench Test for Hardenability ofi Steels 

ASThi A37U - P'lechanical Testing of Steel Products 
AS1NI P,6U4 - f~1acroetch Testiny of Consur~~able Electrode Rer,~eltea Steel Bars 

and Billets 

ASTh1 E112 - Ueterriiininy Nverage Grair~ Size 
NSTPI E350 - Chemical Nnalysis of Carbon Steel, Low-Nlloy Steel, Silicon 

Electrical Steel, Ir~yot Iron, and Wrougtit Iron 

2.3 U.S. Governr~ent Publications: Nvailable fror~ Cor;~riandiny ~ffiicer, Naval 
Publications and Forn7s Center, 5~U1 Tabor Avenue, Philadelphia, PN 1512(i. 

2.~.1 h1ilitary Standards: 

I'~IIL-STU-163 - Steel h'lill Prcducts - ~'reparation for Shipr~~ent and Storage 

~ 
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3. TECHNICAL REQUIRENIENTS: 

3.1 Composition: Shall conforrri to the folloraing percentages by weight, 

~ 	determined by wet chemical methods in accordance with ASTh1 E35U, by 
spectrochei~~ical methods, or by other analytical n~ethods acceptable to 

purchaser: 

min 	max 

Carbon U.lb - ~.23 

Planganese G. %U - 1.0(i 
Silicon 0.15 - U.35 

Phosphorus -- G.C112 

Sulfur -- U.~IU 
Chrorrii ur~~ 0.4~ - 0. bU 
Nickel U.4U - G.~U 
f~iolybdenuru U.15 U.ZS 
Copper -- (i.35 

3.1.1 Check Analysis: Cor~~position variations shall r~~eet the applicable 

requirements of AMS 2259. 

3.2 Condition: The product shall be supNlied in the following condition; 
hardness and tensile strength shall be deterniined in accoraance with 
ASTf~I A370: 	 ~ 

3.2.1 	Bars: 

3.2.1.1 	Bars 0.500 Inch (12.70 r~ni) and Under in Nor~inal Uiar~eter or Liistance 
Between Parallel Sides: Cold finishea having tensile strength not 
higher than 125,000 psi (862 h1Pa). 

3.2.1.2 Bars Over 0.5U0 Inch (12.~U mm) in Nominal Diameter or Distance Betraeen 

~ 	Parallel Sides: Hot finished and annealed haviny hardness not higher 
than 229 HB, or equivalent, except that bars ordered cold finished may 
have hardness as high as ~48 HB, or equivalent. 

3.2.2 Forgings: As ordered. 

3.2.3 Mechanical Tubing: Cold finished haviny hardness not higher than 25 NRC, 

~ 	or equivalent, except that tubing ordered hot finished and annealed shall 
have haraness not higher than 99 HRB, or equivalent. 

3.2.4 Forging Stock: As ordered by the forging manufacturer. 

~ 
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3.3 Properties: The product shall conform to the follo ►ving requirements; 
hardness testing shall be performed in accordance with ASTM A370: 

3.3.1 Macrostructure: Visual examination of transverse sections as in 4.3.3 
~ 	rom ars, i lets, tube rounds or tubes, and forging stock, rings, etched 

in accordance with ASTM A6U4 in hot hydrochloric acid (1:1) at 16U° - 
18U°F (71° - 82°C) for sufficient time to develop a well-defined 
macrostructure, shall show no pipe or cracks. Except as specified in 
3.3.1.1, porosity, segregation, ~nclusions, and other imperfections for 
product 36 square inches (232 cm ) and under in cross-sectional area 
shall be no worse than the following macrographs of ASTM A604; 
macrostructure standards for product over 36 square inches (232 cm 2 ) in 
cross-sectional area shall be as agreed upon by purchaser and vendor: 

Class 	 Condition 	 Severity 

1 	 Freckles 	 q 
2 	 White spots 	 q 
3 	 kadial segregation 	 B 
4 	 Ring pattern 	 g 

3.3.1.1 If tubes are produced directly from ingots or large blooms, transverse 
sections may be taken from tubes rather than tube rounds. Macrostructure 
standards for such tubes shall be as agreed upon by purchaser and vendor. 

3.s.2 Grain Size: Predominantly 5 or finer with occasional grains as large as 3 
permissible, determined in accordance with ASTM E112. 

3.3.3 Hardenability: Shall be J48=1 maximum and J32=3 minimum, determined on 
t e stan ar end-quench test specimen in accordance with AST~1 A255 except 
that the steel shall be normalized at 1700°F + 10 (927°C + 5) and the test 
specimen austenitized at 155U°F + lU (843°C + 5). The hardenability test 
is not required on a product which will not yield a suitable specimen but 
the steel from which the product is made shall conform to the 
hardenability specified. 

3.4 Quality: 

3.4.1 Steel shall be premium aircraft quality conforming to AMS 2300 or 
~ 	N1NM 230U; it shall be multiple melted using either vacuum or electroslag 

remelt practice in the remelt cycle. 

3.4.2 The product, as received by purchaser, shall be uniform in quality and 
condition, sound, and free from foreiyn materials and from imperfections 
detrimental to its use. 

3.4.2.1 Bars and tubing ordered yround, turned, or polished shall be free from 
seams, laps, tears, and cracks open to the ground, turned, or polished 
surfaces. 

n 
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3.4.2.2 Product ordered to surface conditions other than grouna, turned, or 
polished shall, after removal of the standard r~achining allowance, be 
free fror~ seams, laps, tears, cracks, and other ir~perfections exposed to 
the r~~achined surfaces. Standard machininy allowance shall be in 
accordance with AS 11~2. 

3.4.3 Grain f1oH~ of die forginys, except in areas ►~dhich contain flash line end 
~ 	grain, shall follow the general contour of the foryings showing no 

evidence of re-entrant grain flo~d. 

3.5 Sizes: Except when exact lenyths or n~ultiples of exact lengths are orciered, 
straight bars and tubiny will be acceptable in r,~ill lengths of 6-~U feet 
(1.£~ - 6.1 ri) but not riore than 10% of any shipr,ient shal l be suppl ied in 
lengths shorter than 10 feet (3 r,~). 

3.6 Tolerances: Shall conforra to all applicable requirer~~ents ofi the follo~~iny: 

3.6.1 6ars: AhiS 2251 or h1Nhi 2251. 

3.6.~ h'lechanical Tu~iny: AI~iS Z253 or PINP~ 2253. 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibility for Inspection: The vendor of the product shall supNly all 
samples for vendor's tests and shall be responsible for perforr~~ir~y all 
required tests. kesults of such tests shall be reportea to the ~,urchaser as 
required by 4.5. Purchaser reserves the riyht to sar~ple and t~ perfiorr~~ any 
confiirriatory testing deemed necessary to ensure that the Nroduct conforr~~s to 
the requirer~ents of this specification. 

4.2 Classification of Tests: 

4.2.1 Acceptance Tests: Tests to detern~ine conforr~~ance to all technical 
requirer~ients of this specification are classified as acceptance tests and 
shall be perforr,~ed on each heat or lot as applicable. 

4.2.2 Preproduction Tests: Tests of forginys to deterr,~ine corifiorr,~ance to all 
applicable technical requirei~~ents of this specification r~hen NP~IS ~375 is 
specified are classified as preproduction tests ana shall be perfiorried 
prior to or on the first-article shipr~~ent of a forginy to a purchaser, 
when a change in riaterial, processing, or both requires reapproval as in 
4.4, and when purchaser deer.is confirr~atory testiny tu be required. 

4.2.2.1 For direct U.S. Plilitary procurer~ient of foryinys, substantiatiny test 

data and, wlien requested, preproduction foryinys shall be subr~~ittea to 
the cognizant ayency as directed by the procuriny activity, coritractiny 
officer, or request for procurer,ient. 

O 
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4.3 Sampling: Shall be in accoraance with the following; a heat shall be the 
p 	consumable electrode remelted ingots frori~ steel originally r~eltea as a 

single furnace charge: 

4.3.1 Bars and h'lechanical Tubing: Rh1S 2370. 

4.3.2 Forc~ings and Forying Stock: NI~~S 2372. 

4.3.3 San~ples for macrostructure (3.3.1) ratiny shall be full cross-sectional 

~ 	speciniens obtained fror~r the finished billet or suitable rerolled product 
repres~nting the top and bottor;~ of at least the first, r ,~iddle, and last 
usable ingot fror~~ each heat. When ingot location is not available, the 
lot shall be sampled at one end of at least 1G`io of the billets or bars. 

4.4 Approval: When specifieoi, approval and control of forgings shall be in 
accordance with. Ah1S 237y. 

4.5 Re ports: 

4.5.1 The vendor of bars, foryings, and mechanical tubiny shall furnish with 
each shipment a report showing the results of tests for cheriical 
con~position, r~iacrostructure, grain size, hardenability, and 
frequency-severity cleanliness rating of each heat. This report shall 
include the purchase order number, heat nuriber, AhiS 6277~, size, and 
quantity. If forgings are suppl ied, the part nur~~ber and tfie size and r~elt 
source ot stock used to r~~ake the forgings shall also be includea. 

4.5.2 1he vendor of forying stock shall furnish with each shipment a report 
(6 	sho~ring the results of tests for chen~ical con~position and 

frequency-severity cleanliness rating of each heat. This report shall 
include the purchase order nun~ber, heat nur~~ber, AhtS 62%7U, size, and 
quantity. 

4.5.3 The vendor of finished or semi-finished parts shall furnish with each 
shipment a report showiny the purchase oraer nur~ber, Nh1S 62~7U, contractor 
or other direct supplier of product, part nun~ber, and quantity. when 

product for niaking parts is produced or purchased by the parts vendor, 
that vendor shall inspect each lot of product to deterrr~ine conforrnance to 
the requirer~ents of this specification and shall include in the report 
either a stater~~ent that the product conforrris or copies of laboratory 

reports showing the results of tests to determine conformance. 

4.6 Resar~pling and Retesting: Shall be in accoraance with the fnllorring: 

4.6.1 Bars and Mechanical Tubing: AhIS 2370. 

4.6.2 Forgings and Forying Stock: AhiS 2372. 

5. PREPARATIUN FOR DELIVERY: 

5.1 Identification: Shall be as follows: 

5.1.1 Bars and htechanical Tubing: In accordance with AN~S Zb~6. 

~ 
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