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MATERIAL 
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I N T E R N A T I O N A L  
400 Commonwealth Drive, Warrendale, PA 15096-0001 SPECIFICATION 

Revised 1990-10-01 
Submitted for recognition as an American National Standard Supersedi ng AMs-641 3G I 

STEEL TUBING, MECHANICAL 
0.800 - 1.8Ni - 0.25Mo (0.35 - 0.40C) (SAE 4337) 

UNS G43370 

1. SCOPE: 

1.1 Form: This specification covers an aircraft-quality, low-alloy steel i n  the 

1.2 Application: 

form of mechanical tubing. 

section thickness at time of heat treatment, requiring a through- hardening 
steel capable of developing hardness as high as 50 HRC when properly 
hardened and tempered and also parts of greater thickness but requiring 
proportionately lower hardness. 

Primarily for parts, 0.875 inch (22.22 mm) and under in 

2. APPLICABLE DOCUMENTS: The following publications form a part of this 
specification to the extent specified herein. 
publ ications shall apply. The applicable issue of other publ ications shal ’i 
be the issue in effect on the date of the purchase order. 

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

The latest issue of SAE 

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-6413 Revision H 

2.1.1 Aerospace Material Specifications: 

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 

Steel s 
AMs-2301 - Aircraft Quality Steel Cleanliness, Magnetic Particle Inspection 

Procedure 
AMs-2370 - Qual i ty Assurance Sampl i ng of Carbon and Low-Al loy Steels, 

Wrought Products Except 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 

2.1.2 Aerospace Standards: 

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

2.2 ASTM Publications: Available from ASTM, 1916 Race Street, Philadelphia, PA 
1 91 03-1 1 87. 

ASTM A 255 - End-Quench Test for Hardenability of Steel 
ASTM E 18 - Rockwell Hardness and Rockwell Superficial Hardness of Metallic 

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

ASTM E 381 - Macroetch Testing, Inspection, and Rating Steel Products, 

Materi al s 

Electrical Steel, Ingot Iron, and Wrought Iron 

Comprising Bars, Billets, Blooms, and Forgings 

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 Mill Products, Preparation for Shipment and Storage 

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: 

- 2 -  

                                                                    
                                         
                                                                    
                                         

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s6

41
3h

https://saenorm.com/api/?name=437753e29ba334464fd657ab710f065a


SAE AMS*b4I3H 90 8 3 5 7 3 4 0  0 0 5 2 1 3 4  I M 
~~ ~~ ~ 

SAE AMs-6413 Revision H 

3.1 (Cont inued):  

m i  n max 

Car bon 
Manganese 
S i  1 i con 
Phosphorus 
S u l f u r  
Chromium 
N icke l  
Mol y bde num 
Copper 

0.35 - 0.40 
0.65 - 0.85 
0.15 - 0.35 
-- O. 025 
-- 0.025 

0.70 - 0.90 
1.65 - 2.00 
0.20 - 0.30 
-- 0.35 

3.1.1 

3.2 

Check Ana lys i s :  
requirements o f  AMs-2259. 

Composition v a r i a t i o n s  s h a l l  meet the  a p p l i c a b l e  

i n d i t i o n :  Cold f i n i s h e d  hav ing hardness not h ighe r  than 25 HRC, or 
equ iva len t ,  except t h a t  t u b i n g  ordered h o t  f i n i s h e d  and annealed s h a l l  have 
hardness not h ighe r  than 99 HRB or equ iva len t ;  hardness s h a l l  be determined 
i n  accordance w i t h  ASTM E 18. 

3.3 P roper t i es :  Tubing s h a l l  conform t o  the  f o l l o w i n g  requirements;  hardness 
t e s t i n g  s h a l l  be performed i n  accordance w i t h  ASTM E 18: 

3.3.1 Macros t ruc ture :  V isua l  examinat ion of  t ransverse  sec t ions  from b i l l e t s ,  
tube rounds, or tubes, etched i n  accordance w i t h  ASTM E 381 i n  h o t  
h y d r o c h l o r i c  ac id ,  s h a l l  show no p ipe  or cracks.  Except as s p e c i f i e d  i n  
3.3.1.1, p o r o s i t y ,  segregat ion,  i n c l u s i o n s ,  and o t h e r  imper fec t i ons  s h a l l  
be no worse than the  f o l l o w i n g  macrographs o f  ASTM E 381. 

Sec t ion  Size 
Square Inches Square Cent imetres Macrographs 

Up t o  36, i n c l  Up to  232, i n c l  S2 - R1 - C2 
Over 36 t o  100, i n c l  Over 232 t o  645, i n c l  S2 - R2 - C3 
Over 1 O0 Over 645 As agreed upon 

I f  tubes are  produced d i r e c t l y  from ingo ts  or l a r g e  blooms, t ransverse  
sec t ions  may be taken from tubes r a t h e r  than tube rounds. 
Macros t ruc ture  standards for  such tubes s h a l l  be as agreed upon by 
purchaser and vendor. 

3.3.1.1 

3.3.2 Gra in  Size:  Predominant ly 5 or f i n e r  w i t h  occasional  g ra ins  as l a r g e  as 3 
pe rm iss ib le ,  determined i n  accordance w i t h  ASTM E 112. 

- 3 -  
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3.3.3 H a r d e n a b i l i t v :  S h a l l  be J50=10 mínimum and 544-18 minimum, determined on 

The h a r d e n a b i l i t y  t e s t  

t h e  standard end-quench t e s t  specimen i n  accordance w i t h  ASTM A 255 except 
t h a t  t he  s t e e l  s h a l l  be normal ized a t  1700°F k 10 (927°C 1 6 )  and the  t e s t  
specimen a u s t e n i t i z e d  a t  1500°F -1- 10 (816°C ~r 6) .  
i s  n o t  r e q u i r e d  on t u b i n g  which w i l l  not y i e l d  a s u i t a b l e  specimen b u t  t he  
s t e e l  from which the  t u b i n g  i s  made s h a l l  conform t o  t h e  h a r d e n a b i l i t y  
s p e c i f i e d .  

3.3.4 -: 

3.3.4.1 Tubing ordered ground, turned,  or p o l i s h e d  s h a l l  be f r e e  from 
decarbu r i za t i on  on t h e  ground, turned,  or po l i shed  sur faces.  
Decarbur iza t ion  on t u b i n g  I D  s h a l l  n o t  exceed the  maximum depth 
s p e c i f i e d  i n  Table I .  

3.3.4.2 A l lowab le  deca rbu r i za t i on  o f  p ie rced  b i l l e t s ,  o f  tube rounds and t u b i n g  
fo r  redrawing or f o r g i n g ,  or o f  t u b i n g  ordered t o  s p e c i f i e d  
m i c r o s t r u c t u r a l  requirements s h a l l  be as agreed upon by purchaser and 
vendor. 

3.3.4.3 Decarbur iza t ion  of  t u b i n g  t o  which 3.3.4.1 or 3.3.4.2 i s  n o t  a p p l i c a b l e  
s h a l l  be not g rea te r  than shown i n  Table I. 

TABLE I 

Nom 

Over 
Over 
Over 
Over 
Over 

Depth o f  Decarbu r i za t i on  
na1 Wal 1 Thickness I n c h  

I n c h  I D  OD 

Up t o  0.109, I n c l  O. 008 
0.109 t o  0.203, i n c l  0.010 
0.203 t o  0,400, i n c l  0.012 
0.400 t o  0.600, i n c l  0.015 
0.600 to  1.000, i n c l  0.017 
1 .o00 o. 020 

0.015 
o. 020 
O. 025 
O. 030 
O. 035 
O. 040 

TABLE I (SI) 

Depth o f  Decarbu r i za t i on  
Nomi na1 Wal 1 Thickness M i  11  imet res  

M i  11 imet res  I D  OD 

Up t o  2.77, i n c l  0.20 
Over 2.77 t o  5.16, i n c l  0.25 
Over 5.16 to  10.16, i n c ï  o, 30 
Over 10.16 t o  15.24, i n c l  0.38 
Over 15.24 t o  25.40, i n c l  0.43 
Over 25.40 0.51 

0.38 
O. 51 
O. 64 
O. 76 
0.89 
1 .o2 
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3.3.4.4 Decarbu r i za t i on  s h a l l  be measured by t h e  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 b u t  untempered specimens p ro tec ted  d u r i n g  heat  t rea tment  t o  
prevent  changes i n  sur face  carbon conten t .  Depth o f  deca rbu r i za t i on ,  
when measured by a hardness method, i s  de f i ned  as the  perpend icu la r  
d i s tance  from the  sur face  to  the  depth under t h a t  sur face  below which 
the re  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 ad jacent  sur face  t o  be un in f luenced by any 
d e c a r b u r i z a t i o n  or l a c k  o f  deca rbu r i za t i on  thereon. 

3.3.4.4.1 When determin ing  the  depth o f  deca rbu r i za t i on ,  i t  i s  pe rm iss ib le  t o  
d i s regard  l o c a l  areas prov ided the  deca rbu r i za t i on  of  such areas does 
n o t  exceed t h e  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 l ess .  

3.4 O u a l i t v :  

3.4.1 S t e e l  s h a l l  be a i r c r a f t  q u a l i t y  conforming to  AMs-2301. 

3.4.2 Tubing, 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 
c o n d i t i o n ,  sound, and f r e e  f rom f o r e i g n  m a t e r i a l s  and from imper fec t ions  
de t r imen ta l  t o  usage o f  the  tub ing .  

3.4.2.1 Mechanical t u b i n g  ordered h o t  r o l l e d  or c o l d  drawn, or ground, turned,  
0 or p o l i s h e d  s h a l l ,  a f t e r  removal o f  the  standard machining al lowance i n  

accordance w i t h  AS1182, be f r e e  f rom seams, laps,  t ea rs ,  and cracks open 
to  t h e  ground, turned,  or po l  i shed sur faces.  

3.5 S i t e s :  Except when exac t  leng ths  or m u l t i p l e s  o f  exac t  leng ths  are  ordered, 
t u b i n g  w i l l  be acceptab'le i n  m i l l  l eng ths  o f  6 - 20 f e e t  (1.8 - 6.1 m> b u t  
n o t  more than 10% o f  any shipment s h a l l  be supp l ied  i n  lengths  sho r te r  than 
10 f e e t  ( 3  m). 

3.6 Tolerances: Sha l l  conform to  a l l  a p p l i c a b l e  requirements of  AMs-2253 or 
MAM-2253 

4.  OUALITY ASSURANCE PROVISIONS: 

4.1 R e s p o n s i b i l i t v  for  Inspec t i on :  The vendor o f  t u b i n g  s h a l l  supply a l l  
samples for  vendor 's  t e s t s  and s h a l l  be respons ib le  for  per fo rming  a l l  
r e q u i r e d  t e s t s .  
con f i rma to ry  t e s t i n g  deemed necessary t o  ensure t h a t  t he  t u b i n g  conforms t o  
the  requi rements o f  t h i s  s p e c i f i c a t i o n .  

0 Purchaser reserves the  r i g h t  t o  sample and t o  per fo rm any 

4.2 C l a s s i f i c a t i o n  o f  T e s t s :  T e s t s  fo r  a l l  t echn ica l  requirements a re  
acceptance t e s t s  and s h a l l  be performed on each heat  or l o t  as appl 

4.3 Samplina and Tes t ing :  Sha l l  be i n  accordance w i t h  AMs-2370 and the 
0 f o l l o w i n g :  

cab1 e.  
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