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Steel Bars, Forgings, Mechanical Tubing and Forging Stock
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RATIONALE

AMSB6539B is the result of a Five-Year Review and update of the specification. The revision update]
Scope, clarifies comppsition reporting (see 3.1.2), modifies macrostructure requirements (See
specifications (see 3.2.1 and 3.3.3), adds tables to clarify heat treatment (see 3.3.3, Table 3,
temperature conversionh corrected (see Table 3 and Table 5), updates product exceptiohs (see T
reduced testing per ANIS2301 (see 4.2.1 and 4.4), updates prohibition of bar from plate~(see 4.4.2
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AMS2301

AMS2370

AMS2372

AMS2806

Steel Cleanliness, Aircraft Quality, Magnetic Particle Inspection Procedure

Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel Forgings

Heat-Resistant Steels and Alloys

AMS2808 Identifi

AS1182

cation, Forgings

Mechanical Tubing

AS7766 Terms
2.2 ASTM Publicatio

Available from ASTM
Tel: 610-832-9585, ww|
ASTM A255 Detern
ASTM A751 Chem

ASTM E8/E8M Tensia

ASTM E10 Brinell

ASTM E23

ASTM E112  Detern

ASTM E140  Hardn
Hardn

ASTM E381 Macro

2.3 Definitions

Terms used in AMS ar

Notched Bar Impact Testing of Metallic Materials

Used in Aerospace Metals Specifications
ns

International, 100 Barr Harbor Drive, P.O. Box C700, West-{(€onshohoq
w.astm.org.

nining Hardenability of Steel
ical Analysis of Steel Products
n Testing of Metallic Materials

Hardness of Metallic Materials

nining Average Grain Size

pss, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Leg

btch Testing Steel Bars, Billets, Blooms and Forgings

b defined in AS7766.

3. TECHNICAL REQ

IREMENTS

3.1 Composition

Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel Wrought Products and Forging Stock

Identification Bars, Wire, Mechanical Tubing, and Extrusions, Carbon and Alloy Steels, and Corrosion and

Standard Stock Removal Allowance, Aircraft-Quality and Premium Aircraft-Quality Steel, Bars and

ken, PA 19428-2959,

pss Conversion Tables for Metals Relationship Among Brinell Hardness, Vickgrs Hardness, Rockwell

b Hardness

Shall conform to the following percentages by weight shown in Table 1, determined in accordance with ASTM A751 or by
other analytical methods acceptable to the purchaser.
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Table 1 - Composition

Element Min Max
Carbon 0.32 0.40
Manganese 0.30 0.60
Silicon 0.15 0.40
Phosphorus -- 0.025
Sulfur -- 0.015
Chromium 1.60 2.00
Nickel 3.60 4.10
Molybdenum 0.25 0.60
Copper -- 0.20

3.1.1  Aluminum, var

or reported unl|

of any elemen

specified by th
313
Composition variations
3.2 Condition

3.2.1  The product

ASTM E8/E8M
3.2.2 Bars
Bar shall not be cut fro
3.22.1 Bars 0.500 |

Cold finished having te
(see 8.2).

3.2.2.2 BarsOver0

Check Analysi$

adium, and columbium (niobium) are optional grain refining elements and-n
ess used to satisfy the average grain size requirements of 3.3.2.2.

The producer 1nay test for any element not listed in Table 1 and include this analysis'in the

t not listed in the composition table is not a basis for rejection unless Iim
b purchaser.

]

shall meet the applicable requirements of AMS2259.

shall be supplied in the following condition. Tensile properties shall b,
. Hardness shall be determined in accotdance with ASTM E10.

M plate (see 4.4.2).
ch (12.70 mm) and Under in Nominal Diameter or Least Distance Between

nsile strength not'higher than 142 ksi (980 MPa) or hardness not higher than 3

500 Inch\(42.70 mm) in Nominal Diameter or Least Distance between Parallg

Hot finished and anne

eed not be determined

eport of 4.4. Reporting
its of acceptability are

a)

-

in accordance with

Parallel Sides

95 HBW, or equivalent

bl Sides

Dr equivalent (see 8.2).

led)xunless otherwise ordered, having hardness not higher than 295 HBW,
Bars ordered cold finiswmmhmmmmmm@m_a_

3.2.3 Forgings
As ordered.

3.2.4 Mechanical Tu

bing

Cold finished, unless otherwise ordered, having hardness not higher than 295 HBW, or equivalent (see 8.2). Tubing ordered
hot finished and annealed or tempered shall have hardness not higher than 295 HBW, or equivalent (see 8.2).

3.2.5 Forging Stock

As ordered by the forgi

ng manufacturer.
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3.3 Properties

The product shall conform to the following requirements:
3.3.1  Macrostructure

Visual examination of transverse full cross sections from bars, billets tube rounds (solid, not hollow), and forging stock,
etched in hot hydrochloric acid in accordance with ASTM E381, shall show no pipe or cracks. Porosity, segregation,
inclusions, and other imperfections shall be no worse than the macrographs of ASTM E381 shown in Table 2.

Table 2 - Macrostructure limits

Cross-Sectional Area Square Cross-Sectional Area

Inches Square Centimeters Macrographs

Upto 36, incl Upto232,incl S2-R1-C2
Over 36 to 133, incl Over 23210858, incl S2-R2-C3
Over 133 Over 858 Note 1

Note 1: Limits for larger sizes shall be agreed upon by purchaser and produgcer.

3.3.1.1  Macrostructyre examination is not required for bored/hollow forgings (including ring forpings) and mechanical
tubing that afe produced directly from ingots or large blooms unless otherwise agreed updn by the purchaser and
producer (see 8.8).

3.3.1.2 If mechanicql tubing is produced directly from ingots or large blooms, transverse sections|may be taken from the

tubes rather
producer (s€¢

3.3.2 Average Grain
Average grain size sha
3.3.2.1 Shall be AST

3.3.2.2 The product

the following
3.3.2.21

3.3.2.2.2 An acid so

A total alufninum content ©f 0.020 to 0.050%.

e 8.8).

Size of Bars, Forgings, and Tubing

Il be determined by either 3.3.2.16p3.3.2.2.

M No. 5 or finer determinediin-accordance with ASTM E112.

of a heat shall be considered to have an ASTM No. 5 or finer austenitic grai
are determined by/heat analysis (see 8.7):

uble aluminum content of 0.015 to 0.050%.

3.3.2.2.3

A vanadiurln content of 0.02 to 0.08%.

than tube rounds. Macroetch standards for such-tubes shall be agreed upon by the purchaser and

h size if one or more of

3.3.2.24

A columbium (niobium) content of 0.02 to 0.05%.

3.3.3 Response to Heat Treatment of Bars, Forgings, Tubing, and Forging Stock

Specimens shall be heat treated using each of the two different tempering cycles shown in Tables 3 and Table 4. Specimens
from the two different tempering cycles shall have the properties shown in Table 5. Tensile properties shall be determined
in accordance with ASTM E8/E8M. Impact testing shall be in accordance with ASTM E23.
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Table 3 - Response to temper #1 - 410 °F (210 °C) temper

Processing Step '

Temperature

Time at Temperature

Austenitized

1607 °F + 25 °F
(875 °C + 14°C)

Time commensurate with section
thickness, heating equipment, and
procedure used

Air Quench to below 90 °F (32 °C)

2
3

Subzero treatment

-100 °F or colder
(-73 °C) or colder

2 hours minimum

Warm in air to Room Temperature

4
5

Temper

410 °F£ 10 °F
(210 °C £ 6 °C)

2 hours minimum

T Note that all processing must be performed in the order noted.

Table 4 - Response to temper #2 - 1040 °F (560 °C) temper
Hrocessing Step ' Temperature Time at.Temperpture
1 | Austenitized 1607 °F £ 25 °F Time commensurate with section
(875 °C £ 14 °C) thickness, heating equipment, and
procedurettised
2 | Air Qugnch to Below 90 °F (32 °C)
3 | Tempe 1040 °F£ 10 °F 2hours minimum
(560 °C £ 6 °C)
" Note that al| processing must be performed in the order noted.
Table|5 - Minimum longitudinal mechanical properties - response to heat tredtment
Tgmper Temperature Property Value
Tensile Strength 254 ksi (1750 MPa)
44 410 °F Yield Strength 0.2% 203 ksi (1400 MPa)
(210 °C) Elongation in 4D 8%
Charpy V—Notch 14 ft-Ibf (19 J
Tensile Strength 178 ksi (1230 MPa)
4o 1040:3F Yield Strength 0.2% 152 ksi (1050 MPa)
(560°C) Elongation in 4D 12%
Charpy V—Notch 26 ft-Ibf (35 J
3.3.3.1  Unless othefwise specified, the strain rate shall be set at 0.005 in/in/min (0.005 mm/mim/min) and maintained
within a tolefance of-£0:002 in/in/min (£0.002 mm/mm/min) through 0.2% offset yield straip. After the yield strain,
the speed of the testing machine shall be set between 0.05 and 0.5 in/in (0.05 and 0.5{mm/mm) of the length
of the reduged sect|on (or distance between the gnps for spemmens not havmg a| reduced section) per
minute. Alte = ate indicatc 2y be usc e strain rate between
0.05and 0.5 |n/|n/m|n (O 05 and O 5 mm/mm/mm)
3.4 Quality

The product, as received by the purchaser, shall be uniform in quality and condition, sound, and free from foreign materials
and from imperfections detrimental to usage of the product.

3.4.1

3.4.2

Steel shall be aircraft-quality conforming to AMS2301.

removal allowance in accordance with AS1182.

343

forgings showing no evidence of reentrant grain flow.

Bars and mechanical tubing shall be free from seams, laps, tears, and cracks after removal of the standard stock

Grain flow of die forgings, except in areas that contain flash-line end grain, shall follow the general contour of the


https://saenorm.com/api/?name=d9961076d714a968fa7d6e6eccb86e22

SAE INTERNATIONAL

AMS6539™B

Page 6 of 9

3.5 Tolerances

3.5.1 Bars

In accordance with AMS2251.

3.5.2 Mechanical Tu

bing

In accordance with AMS2253.

3.6 Any exceptions shall be authorized by the purchaser and reported as in 4.4.4.

4. QUALITY ASSURANCE PROVISIONS

4.1

Responsibility fof Inspection

The producer of the prpduct shall supply all samples for the producer’s tests and shall be respensible for the performance

of all required tests. The purchaser reserves the right to sample and to perform any confirmatory tes
to ensure that the prodlct conforms to specified requirements.

4.2 Classification of [Tests

4.2.1

Composition (see 3.1)| condition (see 3.2), macrostructure (see 3.3.1), average grain size (see 3
treatment for both tempering temperatures (see 3.3.3), frequency-severity cleanliness rating (see
(see 3.5) are acceptance tests and shall be performed on each. heat or lot as applicable. If d
resent, the ASTM E112 grain size test«see 3.3.2.1) shall be conducted ¢n each lot. If process

(see 3.3.2.2) are not
qualification in accord3
periodic basis as defin
4.2.2 Periodic Tests
If grain refining elemer
periodic basis and sha
testing is specified by
frequency selected by

4.3 Sampling and Te
4.3.1 Bars, Mechani

In accordance with AM

Acceptance Tgsts

nce with AMS2301 has been met, the frequency-severity cleanliness rating s
bd in AMS2301.

ts (see 3.3.2.2) are present, the ASTM E112 grain size test (see 3.3.2.1) s
| be performed at a frequency selected by the producer (not to exceed 1 ye
the purchaser. Grain’flow of die forgings (see 3.4.3) is a periodic test and g
he producer unless frequency of testing is specified by the purchaser.
sting

cal Tubing, and Forging Stock

S2370.

ing deemed necessary

3.2), response to heat
3.4.1), and tolerances
rain refining elements

hall be conducted on a

nall be conducted on a
ar) unless frequency of
hall be performed at a

4.3.2 Forgings

In accordance with AM

S2372.
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4.4 Reports
441 The producer of the bars, forgings and tubing shall furnish with each shipment a report showing the producer’s

identity, country where the metal was melted (i.e., final melt in the case of metal processed by multiple melting
operations), results of tests for composition macrostructure, response to heat treatment and frequency-severity
cleanliness rating of each heat (see 4.4.5), for condition, average grain size (if measured) of each lot, and stating
that the product conforms to the other technical requirements. This report shall include the purchase order number,
heat and lot numbers, AMS6539B, product form and size (and/or part number, if applicable), and quantity. If forgings
are supplied, the size and melt source of stock used to make the forgings shall also be included. If the grain size
requirement of 3.3.2 is met by the aluminum, vanadium, and/or columbium (niobium) content, the aluminum,
vanadium, and/or columbium (niobium) content shall be reported and a statement that the chemistry satisfies the

grain size requ

4.4.2

irement shall be included.

Report the nominal metallurgically worked size and the cut size if different (see 3.2.1).

4.4.3 The producer

where the met
of tests for co
(see 4.4.5) of

(see 8.8). This
444 When materia
requirements |
because of the
4.4.5 Reduced Testi
If the producer has qug
the frequency severity
shall read, “Process qu

45 Resampling and
451 Bars, Mechani
In accordance with AM
45.2 Forgings

In accordance with AM

5. PREPARATION F

Mmposition, macrostructure, response to heat treatment and frequency-sev
each heat, and the results of additional property requirements~imposed

report shall include the purchase order number, heat number, AMS6539B, s|
produced to this specification has exceptions authorized by the purchaser

sted in Section 3, the report shall contain a statement £This material is certifig
following exceptions:” and the specific exceptions shall be listed (see 5.2.1)

g

lified for periodic testing for frequency-seyerity cleanliness rating in accordan
cleanliness rating is not required to beréported for each shipment. In this g
alification in accordance with AMS2301 has been completed.”

Retesting

cal Tubing, and Forging Steck

52370.

S52372.

DR DELIVERY

bf forging stock shall furnish with each shipment a report showing the prod[lJcer’s identity, country
bl was melted (i.e., final melt in the case of metal processed by multiple_melfng operations), results

erity cleanliness rating
by the purchase order
ze, and quantity.

taken to the technical
d as AMS6539B(EXC)

ce with AMS2301, then
ircumstance the report

5.1 Sizes

Except when exact lengths or multiples of exact lengths are ordered, straight bars and tubing will be acceptable in mill
lengths of 6 to 20 feet (1.8 to 6.1 m) but not more than 10% of any shipment shall be supplied in lengths shorter than

10 feet (3 m).
5.2 Identification

5.21

Bars and Mechanical Tubing

In accordance with AMS2806. When technical exceptions are taken (see 4.4.4), the material shall be marked with

AMS6539B(EXC).
5.2.2 Forgings

In accordance with AM

52808.
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