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I 
Land Sea Air and Space, I - 

400 Commonwealth Dr., Warrendale, PA 15096-0001 SPECIFICATION I Issued 5-1-48 Revised 4-1-89 
Submitted for recognition as an American National Standard I Superseding AMS 5626C 

STEEL BARS AND FORGINGS, TOOL, HIGH SPEED 
4.1Cr - 18W - 1 . 1 V  

UNS T12001 

1 .  SCOPE: 

1 . 1  Form: This  s p e c i f i c a t i o n  covers an a l l o y  s t e e l  i n  the  form o f  bars,  

1.2 A p p l i c a t i o n :  P r i m a r i l y  fo r  p a r t s ,  such as counterweights,  r e q u i r i n g  h igh  

fo rg ings ,  and f o r g i n g  s tock.  

dens i t y  and wear res is tance,  b u t  n o t  h igh  o x i d a t i o n  res is tance,  up t o  900°F 
(482°C) 

2. -_I-- APPLICABLE DOCUMENTS: The f o l l o w i n g  p u b l i c a t i o n s  form a p a r t  o f  t h i s  
s p e c i f i c a t i o n  t o  the ex ten t  s p e c i f i e d  here in .  
p u b l i c a t i o n s  s h a l l  apply .  The app l i cab le  i ssue o f  o t h e r  documents s h a l l  be 
as s p e c i f i e d  i n  AMS 2350. 

2.1 SAE Pub l i ca t i ons :  A v a i l a b l e  f rom SAE, 400 Commonwealth Dr i ve ,  Warrendale, 

The l a t e s t  i ssue o f  SAE 

PA 15096. 

2.1.1 Aerospace M a t e r i a l  S p e c i f i c a t i o n s :  

AMS 2350 - Standards and T e s t  Methods 
AMs 2371 - Q u a l i t y  Assurance Sampling o f  Corros ion and Heat Res is tan t  

AMS 2374 - Q u a l i t y  Assurance Sampling o f  Corros ion and Heat Res is tan t  

AMS 2806 - I d e n t i f i c a t i o n ,  Bars, Wi re ,  Mechanical Tubing, and 

AMS 2808 - I d e n t i f i c a t i o n ,  Forgings 

Stee ls  and Alloys, Wrought Products Except Forgings and 
Forg ing  Stock 

S t e e l s  and Al loys, Forgings and Forg ing  Stock 

Ext rus ions ,  Carbon and A l l o y  S tee ls  and Corros ion and Heat 
Resi s t a n t  S tee l  s and A l  l o y s  

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 particular infringement 
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 1 989 
All rights reserved. 

Society of Automotive Engineers, Inc. 

F - Printed in U.S.A. 

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s5

62
6d

https://saenorm.com/api/?name=26714a42a45d1440f8d0c5a2316f7273


~- ---. __- - ~ _ I _  

SAE ANS*562bD 89 83573qO 0020738 5 W 

I AMS 5626D Page 2 

2.1.2 Aerospace Standards: 

AS1182 - Standard Machining Allowance, A i r c r a f t  Q u a l i t y  and Premium 

2.2 ASTM-Publications: A v a i l a b l e  from ASTM, 1916 Race S t r e e t ,  Ph i l ade lph ia ,  PA 

Q u a l i t y  Steel  Products 

19103. 

ASTM A370 - Mechanical Tes t i ng  o f  S tee l  Products 
ASTM A561 - Macroetch Tes t i ng  o f  Tool S tee l  Bars 
ASTM E352 - Chemical Analys is  o f  Tool S tee ls  and Other S i m i l a r  Medium- 

and High-Al loy S tee ls  

2.3 U.S. Government P u b l i c a t i o n s :  A v a i l a b l e  from Commanding O f f i c e r ,  Naval 

2.3.1 M i l i t a r y  Standards: 

P u b l i c a t i o n s  and Forms Center, 5801 Tabor Avenue, Ph i l ade lph ia ,  PA 19120. 

MIL-STD-163 - Steel  M i l l  Products, P repara t i on  fo r  Shipment and Storage 

3. TECHNICAL REQUIREMENTS: 

3.1 _Composition: S h a l l  conform t o  the  f o l l o w i n g  percentages by weight,  
0 determined by wet chemical methods i n  accordance w i th  ASTM E352, by 

spectrochemical methods, or by o t h e r  a n a l y t i c a l  methods acceptable t o  
purchaser: 

m i  n max 

Car bon 0.65 - 0.80 
Manganese 0.20 - 0.40 
S i l i c o n  0.20 - 0.40 
Phosphorus -- O. 030 
S u l f u r  -- O. 030 
Chromium 3.75 - 4.50 
Tungs t e n  17.25 - 18.75 
Vanad i um 0.90 - 1.30 
Molybdenum -- 1 .o0 

3.1.1 Check Analvs is :  No d e v i a t i o n  from the l i m i t s  o f  3.1 w i l l  be pe rm i t ted .  

3.2 Cond i t i on :  The product  s h a l l  be suppl ied i n  the  f o l l o w i n g  c o n d i t i o n ;  

3.2.1 Bars: Fu l l y  annealed. 

3.2.1.1 Bars 3.000 inches (76.20 mm) and under i n  nominal diameter or d i s tance  

hardness s h a l l  be determined i n  accordance w i t h  ASTM A370: 

between p a r a l l e l  s ides s h a l l  be c o l d  f i n i s h e d  hav ing hardness n o t  h igher  
than 269 HB, or e q u i v a l e n t .  

between p a r a l l e l  s ides s h a l l  be h o t  f i n i s h e d  hav ing hardness not h ighe r  
than 255 HB, or e q u i v a l e n t .  

3.2.1.2 Bars over 3,000 inches (76.20 mm) i n  nominal diameter or d i s tance  

O 

8 
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3.2.2 Forgings: As ordered. 

3.2.3 Forciinu Stock: As ordered by the forging manufacturer. 

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

3.3.1 Macrostructure: Examination, at up to 1OX magnification, of transverse 
sections from bars, billets, and forging stock, etched in accordance with 
ASTM A561 in hot hydrochloric acid at 150" - 170°F (66" - 77°C) for 
sufficient time to develop a well-defined macrostructure, shall show no 
imperfections, such as pipe, cracks, porosity, segregation, slag, dirt, 
and inclusions, detrimental to usage of the product. Macrostructure 
standards shall be as agreed upon by purchaser and vendor. 

3.3.2 Decarburization: 

3.3.2.1 Bars ordered ground, turned, or polished shall be free from 
decarburization on the ground, turned, or polished surfaces. 

3.3.2.2 Allowable decarburization of bars and billets ordered for redrawing or 
forging or to specified microstructural requirements shall be as agreed 
upon by purchaser and vendor. 

3.3.2.3 Decarburization of bars to which 3.3.2.1 or 3.3.2.2 is not applicable 
shall be not greater than shown in Table I. 

TABLE I 

Nominal Diameter or Distance 
Between Parallel Sides 

Inches 

Up to 0.500, incl 
Over 0.500 to 1.000, incl 
Over 1.000 to 2.000, incl 
Over 2.000 to 3.000, incl 
Over 3.000 to 4.000, incl 

TABLE I (SI) 

Nomi na1 Di ameter or Di stance 
Between Parallel Sides 

Mi 1 1  imetres 

Up to 12.70, incl 
Over 12.70 t o  25.40, incl 
Over 25.40 to 50.80, incl 
Over 50.80 to 76.20, incl 
Over 76.20 to 101.60, incl 

Depth of 
Decarburization 

Inch 

0.013 
O. 025 
O. 038 
O. 050 
O. 070 

Depth of 
Yecarburization 

Millimetres 

O.  33 
O. 64 
O. 97 
1.27 
1.78 
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3.3.2.3.1 L i m i t s  fo r  depth o f  deca rbu r i za t i on  o f  bars over  4,000 inches 
(101.60 mm> i n  nominal d iameter or d is tance between p a r a l l e l  s ides 
s h a l l  be as agreed upon by purchaser and vendor. 

3.3.2.4 Decarbur iza t 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 b u t  untempered specimens p ro tec ted  d u r i n g  heat  t reatment  t o  
prevent  changes i n  surface carbon content .  Depth o f  deca rbu r i za t i on ,  
when measured by a hardness method, i s  de f ined as the  perpend icu la r  
d is tance f rom the  sur face t o  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 
deca rbu r i za t i on  o r  l a c k  o f  deca rbu r i za t i on  thereon. 

3.3.2.4.1 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  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 l ess .  

3.3.3 Response t o  Heat Treatment: Product,  0.250 i n c h  (6.35 mm) and under i n  
nominal cross s e c t i o n  and 0,250-inch ~r 0.015 (6.35-mm ~r 0.38) t h i c k  
specimens c u t  from l a r g e r  product ,  s h a l l  have hardness n o t  lower than 
63 HRC or equ iva len t  a f t e r  be ing hardened by p rehea t ing  t o  1500" - 1600°F 
(816" - 871"C), t r a n s f e r r i n g  t o  a c o n t r o l l e d  atmosphere fu rnace which i s  
a t  2350°F 25 (1288°C 5 14), hea t ing  t o  2350°F 25 (1288°C 4 14), 
h o l d i n g  a t  heat  fo r  5 - 15 minutes,  and quenching i n  o i l  and double 
tempered by hea t ing  each t i m e  t o  1025°F 
fo r  2 hours -t 0.1, and c o o l i n g  i n  a i r .  

10 (552°C 6) ,  h o l d i n g  a t  heat 

3.4 Q u a l i t y :  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  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  produc t .  

. 3 .4 .1  Bars ordered ground, turned,  or po l i shed  s h a l l  be f r e e  f rom seams, laps ,  
t ea rs ,  and cracks open t o  the ground, turned, or po l i shed  sur faces.  

3.4.2 Product ordered t o  sur face cond i t i ons  o the r  than ground, turned,  or 
po l i shed  s h a l l ,  a f t e r  removal o f  the  standard machining allowance, be f r e e  
f rom seams, laps,  t ea rs ,  cracks,  and o t h e r  de fec ts  exposed to  the  machined 
sur faces.  Standard machining al lowance s h a l l  be i n  accordance w i t h  AS1182. 

3.4.3 Forgings s h a l l  have s u b s t a n t i a l l y  un i fo rm macros t ruc ture .  Standards f o r  
0 acceptance s h a l l  be as agreed upon by purchaser and vendor. 

3 .4,4 Gra in  flow o f  d i e  f o r g i n g s ,  except i n  areas which con ta in  f l a s h - l i n e  end 
0 g r a i n ,  s h a l l  fol low the  general contour o f  the  f o r g i n g s  showing no 

evidence o f  re -en t ran t  g r a i n  f low. 

3.5 Sizes:  Except when exac t  leng ths  o r  m u l t i p l e s  o f  exact  leng ths  are  ordered, 
s t r a i g h t  bars w i l l  be acceptable i n  m i l l  lengths 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). 
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3.6 Tolerances: Shall be as follows: 

3.6.1 Cold Finished: 

3.6.1.1 Rounds. Hexagons, Octagons. and Quarter Octagons: 

TABLE II 

Nominal Diameter or Distance 
Between Parallel Sides 

Inches 

0.250 to 0.500, excl 
0.500 to 1.000, excl 
1.000 to 2.750, excl 

TABLE II (SI) 

Nomi na1 Di ameter or Di stance 
Between Parallel Sides 

Millimetres 

6.35 to 12.70, excl 
12.70 t o  25.40, excl 
25.40 to 69.85, excl 

3.6.1.2 Squares and Flats: 

TABLE I I I  

Nominal Thickness or Width 
Inches 

0.250 to 0.750, incl 
Over 0.750 to 1.500, incl 
Over 1.500 

TABLE III (SI) 

Nominal Thickness or Width 
Millimetres 

6.35 to 19.05, incl 
Over 19.05 to 38.10, incl 
Over 38.1 O 

To1 erance 
Inch 

plus and minus 

o. O02 
O. 0025 
O. 003 

To1 erance 
M i  1 1  imetre 

plus and minus 

0.05 
O. 064 
0.08 

Tolerance, Inch 
plus and minus 

o. 002 
O. 003 
O. 004 

Tolerance, Millimetre 
plus and minus 

0.05 
0.08 
o. 10 
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3.6.2 Centerless Ground: 

TABLE IV 

Nomi na1 Di ameter 
Inches 

Tolerance, Inch 
plus and minus 

0.250 t o  0.500, excl 
0.500 to 3.0625, excl 

TABLE I V  (SI) 

0.0015 
o. O02 

Nominal Diameter 
Millimetres 

Tolerance, Millimetre 
plus and minus 

6.35 to 12.70, excl 
12.70 to 77.788, excl 

0.038 
0.05 

3.6,3 Hot Finished: 

3.6.3.1 Rounds, Squares, Hexagons, Octauons, and Quarter Octagons: 
TABLE V 

Nominal Diameter or Distance 
Between Parallel Sides 

Inches 

To1 erance 
Inch 

pl us mi nus 

Up to 0,500, incl 
Over 0.500 to 1,000, incl 
Over 1,000 t o  1.500, incl 
Over 1.500 to 2.000, incl 
Over 2.000 to 2.500, iiicl 
Over 2.500 to 3.000, incl 
Over 3.000 to 4,000, incl 
Over 4.000 to 5.500, incl 
Over 5,500 t o  6.500, incl 
Over 6.500 to 8.000, incl 

0.012 0.005 
0.016 0.005 
0.020 0.006 
0.025 0.008 
0.030 0.010 
0.040 0.010 
0.050 0.012 
0.060 0.015 
0.100 0.018 
0.150 0.020 

O 
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TABLE V (SI) 

Nominal Diameter or Distance 
Between Parallel Sides 

Mi 1 1  imetres 

Up to 12.70, incl 
Over 12.70 to 25.40, incl 
Over 25.40 to 38.10, incl 
Over 38.10 to 50.80, incl 
Over 50.80 to 63.50, incl 
Over 63.50 to 76.20, incl 
Over 76.20 to 101.60, incl 
Over 101.60 to 139.70, incl 
Over 139.70 t o  165.10, incl 
Over 165.10 to 203.20, incl 

To1 erance 
Millimetres 
pl us mi nus 

O. 30 
0.41 
0.51 
0.64 
0.76 
1 .o2 
1.22 
1.52 
2.54 
3.81 

0.13 
O. 13 
0.15 
0.20 
0.25 
O. 25 
0.30 
0.38 
0.46 
0.51 

3.6.3.2 Rectanules: 

TABLE VI 

Thickness Tolerance. Inch 
For Thickness Ranues Shown. Inches 

Over 0.250 Over 0.500 Over 1.000 
Up to 0.250, to 0.500, to 1.000, to 2.000, 

Nomi na1 Wi dth i ncl i ncl i ncl i ncl 
Inches plus minus plus minus plus minus plus minus 

Over 1.000 to 2.000, incl 0.014 0.006 0.016 0.008 0.020 0.010 0.024 0.020 
Over 2.000 to 3.000, incl 0.018 0.006 0.020 0.008 0.024 0.010 0.027 0.020 
Over 3.000 to 4.000, incl 0.020 0.008 0.022 0.010 0.024 0.013 0.030 0.024 
Over 4.000 to 5.000, incl 0.020 0.010 0.024 0.012 0.030 0.015 0.035 0.027 
Over 5.000 to 6.000, incl 0.020 0.012 0.030 0.014 0.030 0.018 0.035 0.030 

Up to 1,000, incl 0.010 0.006 0.012 0.008 0.016 0.010 -- -- 

TABLE VI ( S I )  

Thickness Tolerance. Millimetre 

Up to 6.35, t o  12.70, to 25.40, to 50.80, 

For Thickness Ranues Shown. Millimetres 
Over 6.35 Over 12.70 Over 25.40 

Nominal Width i ncl incl incl i ncl 
Inches plus minus plus minus plus minus plus minus 

Up t o  25.40, incl 0.25 0.15 0.30 0.20 0.41 0.25 -- _ -  
Over 25.40 to 50.80, incl 0.36 0.15 0.41 0.20 0.51 0.25 0.61 0.51 
Over 50.80 to 76.20, incl 0.46 0.15 0.51 0.20 0.61 0.25 0.69 0.51 
Over 76.20 to 101.60, incl 0.51 0.20 0.56 0.25 0.61 0.33 0.76 0.61 
Over 101.60 to 127.00, incl 0.51 0.25 0.61 0.30 0.76 0.38 0.89 0.69 
Over 127.00 to 152.40, incl 0.51 0.30 0.76 0.36 0.76 0.46 0.89 0.76 
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3.6,3.2.2 Width: 

TABLE V I 1  

Nomi na1 W i d t h 
Inches 

Width To1 erance. In_ch 
pl us mi nus 

Up to 1.000, incl 0.031 0.01 6 
Over 1.000 to 3.000, incl O. 047 O. 031 
Over 3.000 t o  5.000, incl O.  063 O. 047 
Over 5.000 O. 094 O. 063 

TABLE VI1 (SI) 

Nominal Width 
M i  1 1  imetres 

Width Tolerance. Mi 1 1  imetres 
pl us mi nus 

Up to 25.40, incl 0.79 
Over 25.40 to 76.20, incl 1.19 
Over 76.20 to 127.00, incl 1.60 
Over 127.00 2.39 

0.41 
0.79 
1.19 
1.60 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibility for Inspection: The vendor of the product 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. 
confirmatory testing deemed necessary to ensure that the product conforms to 
the requirements of this specification. 

Purchaser reserves the right t o  sample and to perform any 

4.2 Classification of Tests: 

4.2.1 Acceptance Tests: Tests to determine conformance to requirements for 
coinposition (3.11, condition (3.21, macrostructure (3.3.11, decarburization 
(3.3.21, and tolerances (3.6) are classified as acceptance tests and shall 
be performed on each heat or lot as applicable. 

response to heat treatment (3.3.3) are classified as periodic tests and 
shall be performed at a frequency selected by the vendor unless frequency 
of testing is specified by purchaser. 

4.2.2 Periodic Tests: Tests to determine conformance to requirements for 

4.3 Sampling: Shall be i n  accordance with the following: 

4.3.1 Bars: AMS 2371. 

4.3.2 Forqinus and Forqinu Stock: AMS 2374. 

,,-- 

o 

O 

O 
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