
SAE Technical Standards 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 1998 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S.A.

QUESTIONS REGARDING THIS DOCUMENT: (724) 772-7161 FAX:  (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790
SAE WEB ADDRESS: http://www.sae.org

400 Commonwealth Drive, Warrendale, PA 15096-0001

AEROSPACE 
MATERIAL 
SPECIFICATION

Submitted for recognition as an American National Standard

AMS-STD-66

Issued DEC 1998

Steel:  Chemical Composition and Hardenability

NOTICE

This document has been taken directly from Federal Standard FED-STD-66D, Notice 1 and contains only 
minor editorial and format changes required to bring it into conformance with the publishing requirements 
of SAE technical standards.  The  initial release of this document is intended to replace FED-STD-66D, 
Notice 1.  Any part numbers established by the original specification remain unchanged.

The original Military Specification was adopted as an SAE standard under the provisions of the SAE 
Technical Standards Board (TSB) Rules and Regulations (TSB 001) pertaining to accelerated adoption of 
government specifications and standards.  TSB rules provide for (a) the publication of portions of 
unrevised government specifications and standards without consensus voting at the SAE Committee 
level, and (b) the use of the existing government specification or standard format.

Under Department of Defense policies and procedures, any qualification requirements and associated 
qualified products lists are mandatory for DOD contracts.  Any requirement relating to qualified products 
lists (QPL’s) has not been adopted by SAE and is not part of this SAE technical document.
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1. SCOPE:

This standard, as referenced in the applicable product specifications in procurement documents, 
contains:

(a) A catalog of the standard carbon steels, alloy steels (including H-steels), and stainless and heat-
resisting steels that are designated by chemical composition, or (for H-steels) by chemical 
composition and hardenability limits by reference to standard industry documents.

(b) Rules for designating the chemical content of carbon steels, alloy steels, and stainless and heat-
resisting steels that are not classified as standard.

2. CLASSIFICATION AND DESIGNATION OF STEELS BY CHEMICAL COMPOSITION: 

2.1 Classification: 

Chemical composition indicates only one aspect of a steel product and is not to be considered as a 
complete guide to quality and performance.  Chemical composition, however, is the most common 
basis for the classification and designation of steels.  The precise chemical content, together with the 
desired form (bar, sheet, strip, plate, etc.) and the size (primarily cross-sectional area or diameter, 
will determine whether a given product can be obtained simply by ordering a standard steel, or 
whether all the requirements must be specified in detail.

2.2 Standard steels: 

Standard steels have specified compositions and are limited to particular forms and sizes.  These 
steels have individual numerical designations assigned by industry to facilitate ordering, as shown in 
table 1.  The numbers are for identification and are not indicative of quality.  The steel numbers used 
in this standard are generally Unified Numbering System (UNS) numbers; corresponding American 
Iron and Steel Institute  (AISI) numbers and Society of Automotive Engineers (SAE) numbers are 
included for further information.

In general, standard steels are used more often and are more readily available than other 
compositions.

2.3 Former standard steels: 

These steels were formerly listed as “standard steels” in previous editions of this standard and the 
AISI manuals but, because of decreased usage, they have been placed in separate tables in the 
referenced documents.

2.4 Nonstandard steels: 

Nonstandard steels are steels which do not fall into the category of standard steels because of 
differences in their composition.  These unlisted steels must be ordered by specifying the chemical 
content in accordance with established ranges and limits.
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2.5 H-steels: 

A number of alloy steels, identified by the prefix or suffix letter “H” to the steel number, may be 
designated by a combination of hardenability and composition.  The hardenability  data compiled for 
each of these steels, have been derived from extensive standard (Jominy) endquench hardenability 
testing, and have been incorporated into composite graphs.  Each graph has two curves, plotted 
from the maximum and minimum hardness values reported for 1/16-inch distances from the 
quenched end of a standard one-inch diameter specimen.  The band created by these two curves 
defines the hardness limits for that composition.  Hardenability bands and directions for their use in 
specifying H-steels are explained in 7.2.

2.5.1 Chemical composition limits: The chemical composition limits of the H-steels have been modified 
somewhat from the ranges or limits applicable to the same grades when specified by chemical 
composition only so that steel producers will be able to meet a common standard of hardenability 
limits.  The modifications permit adjustments in manufacturing range of chemical composition to 
correct for individual plant melting characteristics which might otherwise influence the levels and 
widths of the hardenability bands.  The modifications are not great enough to influence the general 
characteristics of the original compositions of the series under consideration.

3. VERIFICATION OF CHEMICAL COMPOSITION: 

3.1 Definitions: 

3.1.1 Cast or heat analysis: Cast or heat analysis is the determination of the chemical composition of a 
melt, blow, or heat of steel as represented by samples obtained from the first part or middle part of 
the heat during pouring of the steel from a ladle.  This analysis is representative of the product of a 
heat of steel as delivered and as reported to the purchaser.

3.1.2 Product analysis: Product analysis is a chemical analysis of steel in the semifinished or finished 
product form.  The steel can be subjected to product analysis by the purchaser either for the 
purpose of verifying that the chemical composition is within specified limits for each element, 
including applicable tolerance for product analysis, or to determine variation in composition within a 
heat or lot; it is not used to confirm previous results.  The results of analyses representing different 
locations in the same piece or taken from different pieces of a heat or lot may differ, within 
permissible limits, from each other and from the cast or heat analysis.

3.1.3 A “melt” of steel is the metallic output of one charge of an electric furnace.

3.1.4 A “heat” is the metallic output of one furnace charge in the open hearth or the basic oxygen 
process.

3.1.4 A “blow” is the metallic output of one furnace charge in the bessemer process.
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3.2 Sampling for cast or heat analysis: 

Unless otherwise specified in the contract or order, sampling procedures for cast or heat analysis will 
be in accordance with standard industry practice.  Usually, at least three samples are taken 
representing the first, middle, and last portions of the heat.  Drillings taken from the first sample or 
middle sample are used in determining cast or heat analysis.  The additional samples are used for 
survey of uniformity and for control purposes.

3.3 Reporting cast or heat analysis: 

The chemical composition specified for cast or heat analysis is shown by percentages of the 
elements, expressed as minimum or maximum limits or as ranges.  With the exception of 
phosphorus and sulfur, all elements are reported to two decimals.  Phosphorus and sulfur, up to 
0.060 percent inclusive, are usually reported to three decimals; above 0.060 percent they are usually 
reported to two decimals.  Values are normally rounded off to the nearest hundredth percent.

3.4 Sampling for product analysis: 

In sampling for product analysis, each heat of steel in a lot is considered separately unless otherwise 
specified.  The number of samples selected  for analysis is usually indicated by the applicable 
product specification.  Because of segregation, the location at which samples for product analysis 
are obtained is important.  Product analysis must be performed on steel in the condition received 
from the producer because steel subjected to subsequent heating operations may not yield analytical 
results that correctly represent the original composition.  The detailed procedures for obtaining 
product analysis chips or drillings (samples) for various forms and sizes of the product are shown in 
table 2.

3.5 Tolerances for product analysis: 

Individual determinations may vary from the specified limits or ranges to the extent shown in the 
applicable product analysis tables, but the several determinations of any element in a heat may not 
vary both above and below the specified range.

Because of a characteristic lack of uniformity, no product analysis is ordinarily required for carbon, 
phosphorus, and sulfur in rimmed or capped steels, nor for phosphorus and sulfur in rephosphorized 
or resulphurized steels, unless misapplication (error in identification) is clearly indicated.
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4. CARBON STEEL COMPOSITIONS: 

4.1 Description: 

The chemical composition, ranges and limits, and product analysis tolerances for carbon steels are 
covered in tables contained in the Steel Products Manual published by the American Iron and Steel 
Institute (AISI).  The applicable sections of the Manual, covering the available forms, are as follows:

(a) Carbon Steel Strip
(b) Carbon Sheet Steel (Coils and Cut Lengths)
(c) Wire and Rods, Carbon Steel
(d) Carbon Steel:  Plates; Structural Shapes; Rolled Floor Plates; Steel Sheet Piling
(e) Carbon Steel:  Semifinished for Forging; Hot Rolled and Cold Finished Bars; Hot Rolled 

Deformed Concrete Reinforcing Bars
(f) Steel Specialty Tubular Products

4.1.1 Bars, semifinished products, wire rods, wire, and seamless tubing: Standard carbon steels are 
available as bars, and as semifinished products (blooms, billets, and slabs) for forging.  Standard 
carbon steels are also available as wire rods, wire, and seamless tubing.  In addition, a small 
number of carbon steels have been developed exclusively for both seamless and welded tubing.

4.1.2 Plates, sheet, strip, structural shapes, and welded tubing: Chemical composition for carbon steel 
plates, sheet, strip, structural shapes, and welded tubing are ordered by one of two methods:

(a) The steel may be designated as one of the standard SAE nonresulphurized carbon steels 
developed exclusively for these forms.

(b) The chemical content may be ordered in accordance with applicable AISI ranges and limits.

The standard SAE nonresulphurized carbon steels for plates, sheet, strip, shapes, and welded 
tubing are identified by the same four-digit numbers used to identify the standard AISI-SAE steels 
for bars, semifinished products, wire rods, wire, and seamless tubing.  However, comparable 
compositions from both groups are not identical despite identification numbers; they differ in the 
range of content shown for particular elements (usually carbon).  Therefore, in ordering, specify the 
identification number, the form desired (sheet, strip, etc.), and the prefix designation “SAE”.SAENORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 am

ss
td6

6

https://saenorm.com/api/?name=3fbabed67e7661bcfd09badfda2e21f6


AMS-STD-66 SAE AMS-STD-66

- 7 -

TABLE 1.  Numerical designation of steels by composition
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TABLE 2.  Procedures for obtaining product analysis samples
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FIGURE 1.  Drill locations for obtaining product analysis samples

5. STAINLESS AND HEAT-RESISTING STEEL COMPOSITIONS: 

5.1 Forms: 

Stainless and heat-resisting steels specified by composition are ordered as standard steels and are 
available as bars, as semifinished products (blooms, billets, and slabs) 4 inches square or larger, 
and as plates, shapes, sheet, strip, and wire.

5.2 Description: 

The chemical composition and product analysis tolerances for stainless and heat-resisting steels are 
covered in tables contained in the Steel Products Manual published by AISI.  The applicable section 
of the Manual is titled Stainless and Heat Resisting Steels.

6. ALLOY STEEL COMPOSITIONS: 

6.1 Forms: 

Standard alloy steels, ordered by identification number, are available as bars, billets, blooms, and 
slabs.  They are generally also available as shapes, sheet, strip, wire, and seamless tubing.  Some 
producers may not furnish standard alloy steels in all of these forms, or they may accept orders only 
if based on specifying such forms as “other-than-standard” steels.
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