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AEROSPACE 
MATERIAL 
SPECIFICATION 

Submitted for recognition as an American National Standard 

Issued 1969-05-01 
Revised 1990-10-01 
Superseding AMs-6411C 

STEEL BARS, FORGINGS, AND TUBING 

Consumable Electrode Reme1 ted 
0.88Cr - 1.8Ni - 0.42Mo - 0.08V (0.28 - 0 . 3 3 0  

UNS K23080 

1 .  

1.1 

1.2 

2. 

2.1 

SCOPE : 

Form: 
in the form of bars, forgings, mechanical tubing, and forging stock. 

This specification covers a premium aircraft-quali ty, low-al loy steel 

Application: 
ductility with relatively high impact strength, superior transverse 
properties, and hardness. Certain design and processing procedures may 
cause these products t o  become susceptible t o  stress-corrosion cracking 
after heat treatment; ARP 1110 recommends practices t o  minimize such 
conditions. 

Primarily for parts requiring high tensile strength and good 

APPLICABLE DOCUMENTS: 
specification t o  the extent specified herein. 
publications shall apply. 
be the issue in effect on the date of the purchase order. 

The following publications form a part of this 
The latest issue of SAE 

The applicable issue of other publications shall 

SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, 
PA 15096-0001 + 

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. 
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.” 

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your 
written comments and suggestions. 

Copyright 1990 Society of Automotive Engineers, Inc. 
All rights reserved. Printed in U.S..A. 
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SAE AMS-6411 Revision D 

2.1.1 

2.1.2 

2.1.3 

Aerospace Material Specifications: 

AMs-2251 - Tolerances, Low-Al loy Steel Bars 
MAM-2251 - Tolerances, Metric, Low-Alloy Steel Bars 
AMs-2253 - Tolerances, Carbon and Alloy Steel Tubing 
MAM-2253 - Tolerances, Metric, Carbon and Alloy Steel Tubing 
AMs-2259 - Chemical Check Analysis Limits, Wrought Low-Alloy and 

Carbon Steels 
AMs-2300 - Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle 

Inspect ion Procedure 
MAM-2300 - Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle 

Inspection Procedure, Metric (SI) Measurement 
AMs-2310 - Qualification Sampling of Steels, Transverse Tensile Properties 
AMs-2370 - Quality Assurance Sampling of Carbon and Low-Alloy Steels, 

Wrought Products Except Forgings and Forging Stock 
AMs-2372 - Quality Assurance Sampling o f  Carbon and Low-Alloy Steels, 

Forgings and Forging Stock 
AMs-2806 - Identification, Bars, Wire, Mechanical Tubing, and Extrusions, 

Carbon and Alloy Steels and Corrosion and Heat Resistant 
Steels and Alloys 

AMs-2808 - Identification, Forgings 
Aerospace Standards: 

AS1182 - Standard Machining Allowance, Aircraft-Quality and Premium 
Aircraft-Quality Steel Bars and Mechanical Tubing 

Aeroseace Recommended Practices: 

ARP1110 - Minimizing Stress Corrosion Cracking in Heat Treatable 
Wrought Low Alloy and Martensitic Corrosion Resistant 
Steels 

2.2 ASTM Publications: Available from ASTM, 1916 Race Street, Philadelphia, PA 
19103-1 187. 

ASTM A 255 - End-Quench Test for Hardenability of Steel 
ASTM A 370 - Mechanical Testing o f  Steel Products 
ASTM A 604 - Macroetch Testing of Consumable Electrode Remelted Steel 

ASTM E 112 - Determining Average Grain Size 
ASTM E 350 - Chemical Analysis o f  Carbon Steel, Low-Alloy Steel, Silicon 

Bars and Billets 

Electrical Steel, Ingot Iron, and Wrought Iron 

2.3 U.S. Government Publications: Available from Standardization Documents 
Order Desk, Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094. 

2.3.1 Militarv Standards: 

MIL-STD-163 - Steel Mi 1 1  Products, Preparation for Shipment and Storage 

- 2 -  
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SAE AMs-641 1 Revi sion D 

3. TECHNICAL REOUIREMENTS: 

3.1 Composition: Shall conform to the following percentages by weight, 
0 determined by wet chemical methods in accordance with ASTM E 350, by 

spectrochemi cal methods, or by other analytical methods acceptable to 
purchaser: 

mi n max 

Car bon 
Manganese 
Si 1 icon 
Phosphorus 
Sulfur 
Chromium 
Nickel 
Mo 1 y b de n um 
Vanad i um 
Copper 

0.28 - 0.33 
0.65 - 1.00 
0.15 - 0.35 
-- 0.015 
-- 0.015 

0.75 - 1.00 
1.65 - 2.00 
0.35 - 0.50 
0.05 - 0.10 
-- 0.35 

3.1.1 Check Analysis: Composition variations shall meet the applicable 
requirements of AMs-2259. 

3.2 Condition: The product shall be supplied in the following condition; 
hardness and tensile strength shall be determined in accordance with 
ASTM A 370: 

3.2.1 Bars: 

3.2.1.1 Bars 0.500 Inch (12.70 mm) and Under in Nominal Diameter or Distance 
0 i : Cold finished having tensile strength not 

higher than 130,000 psi (896 MPa) or hardness not higher than 29 HRC. 

3.2.1.2 Bars Over 0.500 Inch (12.70 mm) in Nominal Diameter or Distance Between 
Parallel Sides: Hot finished, and anneaTed if necessary, having 
hardness not higher than 241 HB, or equivalent, except that bars ordered 
cold finished may have hardness as high as 248 HB, or equivalent. 

3.2.2 Forgings: Normalized and tempered having hardness not higher than 269 HB, 
or equivalent. 

3.2.3 Mechanical Tubinq: Cold finished having hardness not higher than 25 HRC, 
or equivalent, except that tubing ordered hot finished and annealed shall 
have hardness not higher than 99 HRB, or equivalent. 

0 

3.2.4 Forging Stock: A s  ordered by the forging manufacturer. 

3.3 Properties: The product shall conform to the following requirements; 
hardness and tensile testing shall be performed in accordance with 
ASTM A 370: 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s6

41
1d

https://saenorm.com/api/?name=36dc295e727c28a866900a7bc7d16f8c


_ _  ~~ 

S A E  AHS*b41iLD 90 8357390 0052325  O W 

SAE AMs-6411 Revision D 

3.3.1 Macrostructure: Visual examination of transverse sections as in 4.3.3 
from bars, billets, tube rounds or tubes, and forging stock, etched in 
accordance with ASTM A 604 in hot hydrochloric acid, shall show no pipe or 
cracks. Except as specified in 3.3.1.1, porosity, segregation, 
inclusions, and other imperfections for product 36 square inches 
(232 cm2) and under in nominal cross-sectional area shall be no worse 
than the following macrographs of ASTM A 604; macrostructure standards for 
product over 36 square inches (232 cm2) in nominal cross-sectional area 
shall be as agreed upon by purchaser and vendor: 

0 

C1 ass Condi tion Sever i ty 

1 Freckles A 
2 White Spots A 
3 Radial Segregation B 
4 Ring Pattern B 

3.3.1.1 If tubes are produced directly from ingots o r  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, 

3.3.2 Grain Size: Predominantly 5 or finer with occasional grains as large as 3 
permissible, determined in accordance with ASTM E 112. 

3.3.3 Hardenabi l i  ty  : Shall be 549-14 minimum and 345-24 minimum, determined on 
the standard end-quench test specimen in accordance with ASTM A 255 except 
that the steel shall be normalized at 1700°F f 10 (927°C f 6) and the test 
specimen austenitized at 1550°F f 10 (843°C f 6). 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 
hardenabi 1 i ty speci f i ed. 

3.3.4 Decarburization: 

3.3.4.1 Bars and tubing ordered ground, turned, o r  polished shall be free from 
decarburization on the ground, turned, or pol i shed surfaces. 
Decarburization on tubing ID shall not exceed the maximum depth 
specified in Table II. 

3.3.4.2 Allowable decarburization of bars, billets, and tube rounds or tubing 
ordered for redrawing o r  forging or to specified microstructural 
requirements shall be as agreed upon by purchaser and vendor. 

- 4 -  
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3.3.4.3 Decarbur iza t ion  o f  bars t o  which 3.3.4.1 or 3.3.4.2 i s  no t  app l i cab le  
s h a l l  be no t  g rea ter  than shown i n  Table I. 

TABLE I 

Nomi na1 D i  ameter or D i  stance 
Between P a r a l l e l  Sides 

Inches 

Up t o  0.375, i n c l  
Over 0.375 t o  0.500, i n c l  
Over 0.500 to  0.625, i n c l  
Over  0.625 t o  1,000, i n c l  
Over  1.000 t o  1.500, i n c l  
O v e r  1.500 t o  2.000, i n c l  
Over  2.000 t o  2.500, i n c l  
Over 2,500 t o  3.000, i n c l  
Over 3.000 t o  4.000, i n c l  

TABLE I ( S I )  

Nominal Diameter or Distance 
Between P a r a l l e l  Sides 

M i  11 i m e t r e s  

Up t o  9.52, i n c l  
Over 9.52 to  12.70, i n c l  
Over 12.70 t o  15.88, i n c l  
Over 15.88 t o  25.40, i n c l  
Over  25.40 t o  38.10, i n c l  
O v e r  38.10 t o  50.80, i n c l  
O v e r  50.80 t o  63.50, i n c l  
O v e r  63.50 to  76.20, i n c l  
Over 76.20 t o  101.60, i n c l  

Depth o f  
Decarbur iza t ion  

Inch  

0.015 
0.017 
0.019 
o. o22 
0.025 
O. 030 
O. 035 
O. 040 
O. 045 

Depth o f  
Decarbur iza t ion  

M i  11 i m e t r e s  

0.38 
0.43 
0.48 
0.56 
O. 64 
0.76 
0.89 
1 .o2 
1.14 

3.3.4.3.1 L i m i t s  for  depth o f  decarbur iza t ion  o f  bars over 4.000 inches (101.60 
mm) i n  nominal diameter or distance between p a r a l l e l  s ides s h a l l  be as 
agreed upon by purchaser and vendor. 

- 5 -  
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~_____ 

3.3.4.4 Decarbur izat ion of t u b i n g  t o  which 3.3.4.1 or 3.3.4.2 i s  not app l i cab le  
s h a l l  be no t  g rea ter  than shown i n  Table II. 

TABLE II 

Depth o f  
Decarbur izat ion 

Nominal Wal 1 Thl ckness 
I n c h  

Up to  0.109, i n c l  
Over 0.109 t o  0.203, i n c l  
Over 0.203 t o  0.400, i n c l  
Over 0.400 t o  0.600, i n c l  
Over 0.600 to  1.000, i n c l  
O v e r  1 .O00 

TABLE II (SI) 

Nomi na1 Wal 1 Thickness 
M i  11 imetres 

Up t o  2.77, i n c l  
Over 2.77 to  5.16, i n c l  
Over 5.16 t o  10.16, i n c l  
Over  10.16 t o  15.24, i n c l  
Over 15.24 to  25.40, i n c l  
Over 25.40 

I n c h  
I D  OD 

O. 008 0.015 
0.010 o. 020 
0,012 O. 025 
0.015 0,030 
0.017 . 0.035 
o. 020 O. 040 

Depth of  
Decarburi z a t  i on 

M i l l i m e t r e s  
I D  OD 

0.20 0.38 
0.25 O. 51 
0.30 0.64 
0.38 0.76 
0.43 0.89 
0.51 1 .oz 

3.3.4.5 Decarbur izat ion s h a l l  be measured by the microscopic method or by 
Rockwell S u p e r f i c i a l  30-N scale or equ iva len t  hardness t e s t i n g  method on 
hardened bu t  untempered specimens pro tec ted  d u r i n g  heat t reatment t o  
prevent  changes i n  surface carbon content.  Depth o f  decarbur izat ion,  
when measured by a hardness method, i s  def ined as the perpendicu lar  
d is tance from the  surface to  the depth under t h a t  surface below which 
there  i s  no f u r t h e r  increase i n  hardness. Such measurements s h a l l  be 
f a r  enough away from any adjacent surface t o  be uninf luenced by any 
decarbur iza t ion  or l a c k  o f  decarbur iza t ion  thereon. 

3.3.4.5.1 When determining the depth of  decarbur izat ion,  i t  i s  permiss ib le  t o  
d isregard l o c a l  areas provided the decarbur iza t ion  o f  such areas does 
n o t  exceed the above l i m i t s  by more than 0.005 i n c h  (0.13 mm) and the 
w id th  i s  0.065 i n c h  (1.65 mm) or less .  

3.3.5 Response to  Heat T reatment: Specimens s h a l l  meet the f o l l o w i n g  
requirements a f t e r  be ing normalized by heat ing  to  1700°F k 10 (927°C $: 61, 
h o l d i n g  a t  heat fo r  n o t  less  than 1 hour, and c o o l i n g  i n  a i r ;  hardened by 
heat ing  to  1550°F f 10 (843°C 61, h o l d i n g  a t  heat f o r  1 hour 2 0.2, and 
quenching i n  o i l ,  and heated t o  the requ i red  tempering temperature, h e l d  
a t  heat for  not l e s s  than 1 hour, and cooled i n  a i r :  

O 

O 

- 6 -  
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3.3.5.1 Tens i le  Proper t ies :  

3.3.5.1.1 Lonu i tud ina l :  Sha l l  be as follows; t e s t i n g  i n  the  l o n g i t u d i n a l  
d i r e c t i o n  need no t  be performed on product  t es ted  i n  the  t ransverse 
d i r e c t i o n :  

Tens i le  Strength, minimum 220,000 p s i  (1517 MPa) 
Y i e l d  S t rength  a t  0.2% Of f se t ,  minimum 185,000 p s i  (1276 MPa) 
Elongat ion i n  4D, minimum 1 0% 
Reduction of  Area, minimum 3 5% 

3.3.5.1.2 Transverse: Sha l l  be as follows, determined on specimens se lected and 
prepared i n  accordance w i t h  AMs-2310; t ransverse t e n s i l e  requirements 
o f  Table III are app l i cab le  o n l y  t o  product  s u f f i c i e n t l y  l a rge  t o  
y i e l d  t e n s i l e  specimens not l ess  than 2.50 inches (63.5 mm) i n  length.  

TABLE III 

Cross Sect ional  Area 
Square Inches 

Up to  144, i n c l  
Over 144 to  225, i n c l  
Over 225 

Cross Sect ional  Area 
Square Centimetres 

Up to  929, i n c l  
Over 929 to  1452, i n c l  
Over 1452 

3.4 q u a l i t y :  

Tens i le  Y i e l d  St rength 
Strength a t  0.2% O f f s e t  
p s i ,  min p s i ,  min 

220,000 185,000 
220,000 185,000 
220,000 185,000 

TABLE III ( S I )  

Tens i le  Y i e l d  St rength 
Strength a t  0.2% O f f s e t  
MPa, min MPa, min 

1517 1276 
1517 1276 
1517 1276 

Reduction of  Area 

Average I n d i v i d u a l  
%. min 

35 30 
30 25 
25 20 

Reduction o f  Area 

Average I n d i  v i  dual 
%. min 

35 30 
30 25 
25 20 

3.4.1 S tee l  s h a l l  be premium a i r c r a f t - q u a l i t y  conforming to  AMs-2300 or MAM-2300 
except t h a t  a maximum average frequency (F )  r a t i n g  o f  0.10 and a maximum 
average s e v e r i t y  (SI r a t i n g  o f  0.20 s h a l l  apply. Steel  s h a l l  be m u l t i p l e  
melted us ing  consumable e lec t rode process i n  the  r e m e l t  cyc le .  

3.4.2 The product, as rece ived by purchaser, s h a l l  be un i fo rm i n  q u a l i t y  and 
cond i t i on ,  sound, and f r e e  from f o r e i g n  ma te r ia l s  and from imper fect ions 
de t r imenta l  to  usage of  the  product. 

3.4.2.1 
0 

Bars and mechanical t ub ing  ordered ho t  r o l l e d  or c o l d  drawn, or ground, 
turned, or po l i shed  s h a l l ,  a f t e r  removal of  the  standard machining 
allowance i n  accordance w i t h  AS1182, be f r e e  from seams, laps, tears ,  
and cracks open t o  the  ground, turned, or po l i shed surfaces. 
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