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AMS6543G results fro
(3.1), macrostructure

(3.5.1.2.4, 3.8), and re
1. SCOPE
1.1 Form

This specification covd

nominal diameter or least distance between parallel sides, forgings, and forging stock.

1.2 Application

m a Five-Year Review and update of this specification that revises compeosi

ises reporting (4.4.2) and marking (5.2).

rs a premium aircraft-quality maraging steel in the.form of bars 0.50 inch

ion analytical methods

3.5.1.1.2), tensile strain rates (3.5.1.2.1.1), and quality (3.6.1), prohibits upauthorized exceptions

12.7 mm) and over in

These products have Been used typically for heat treated parts requiring a combination of high stfength, toughness, and

weldability, but usage i
2. APPLICABLE DOC
The issue of the follow
extent specified herein
specified. When the re
published issue of that

2.1

Available from SAE Int
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SAE Publication$

5 not limited to such applications.
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The supplier may work to a subsequent revision of a document unless a spsg

ferenced documenthas been cancelled and no superseding document has
document shalkapply.
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cific document issue is
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AMS2372

AMS2630

AMS2750

AMS2806

Quality Assurance Sampling and Testing Carbon and Low-Alloy Steel Forgings
Inspection, Ultrasonic, Product Over 0.5 Inch (12.7 mm) Thick

Pyrometry

Heat-Resistant Steels and Alloys

AMS2808
ARP1917 Clarific

AS1182
Mecha

Identification Forgings

ation of Terms Used in Aerospace Metals Specifications

nical Tubing

2.2 ASTM Publicati

S

Available from ASTM Ipternational, 100 Barr Harbor Drive, P.O. Box C700, West Conshohacken, PA

832-9585, www.astm.d

ASTM A370 Mechg
ASTM A604 Macro
ASTM A751

3. TECHNICAL REQ
3.1 Composition

Shall conform to the p
analytical methods acg

rg.
nical Testing of Steel Products

ptch Testing of Consumable Electrode Remelted Steel'Bars and Billets

Standard Test Methods, Practices, and Terminology fér.Chemical Analysis of Steel

JIREMENTS

ercentages by weight shown in Table 1, determined in accordance with A
eptable to purchaser.

Table 1 - Composition

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

19428-2959, Tel: 610-

Products

S5TM A751 or by other

3.1.1

Element Min Max

Carbon 0.10 0.14
Manganese 0.05 0.25

Silicon -- 0.10
Phosphorus -- 0.010

Sulfur -- 0.006
Chromium 1.80 2.20

Nickel Q 50 10.50

Cobalt 7.50 8.50
Molybdenum 0.90 1.10

Titanium -- 0.015

Aluminum -- 0.025

Oxygen -- 0.0025 (25 ppm)
Nitrogen -- 0.0075 (75 ppm)

Check Analysis

Composition variations shall meet the applicable requirements of AMS2248. No variation is permitted for oxygen and

nitrogen.

3.2 Melting Practice

Shall be multiple melted using vacuum induction melting followed by vacuum consumable electrode remelting.
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3.3 Condition

The product shall be supplied in the following condition; hardness shall be determined in accordance with ASTM A370:

3.3.1 Bars

Bar shall not be cut from plate (also see 4.4.2).

Hot finished, solution heat treated, and descaled, having hardness not lower than 42 HRC, or equivalent (see 8.2).

3.3.2 Forgings

Hot finished, solution heat treated, and descaled, having hardness not lower than 42 HRC, or equivalent (see 8.2).

3.3.3 Forging Stock

As ordered by the forgi
3.4 Heat Treatment

Bars and forgings sha
ensure complete trang
properties specified he

3.4.1 Product 2.0 Ing

Shall be solution heat
3.4.2 Product Over 4

Shall be solution heat t
(829 °C £ 14 °C),and g

3.5 Properties

The product shall conf
ASTM A370:

3.5.1 Bars and Forg

3.5.1.1  As Solution

3.5.1.11 Macrostru

hg manufacturer.

| be solution heat treated as in 3.4.1 or 3.4.2, as applicable, fiolding at he
formation, and quenching in agitated water sufficiently cool (see 8.3) to d
rein. Pyrometry shall be in accordance with AMS2750,
hes (51 mm) and Under in Nominal Section Thickbess
reated by heating in air to 1525 °F £ 25 °F (829,°C + 14 °C) and quenching.

.0 Inches (51 mm) in Nominal Section Thickness

eated by heating in air to 1650 °F £25 °F (899 °C t 14 °C), quenching, rehed
uenching.

brm to the following requirements; tensile and impact testing shall be perforn

ngs
Heat Treated

ture

at for sufficient time to
bvelop the mechanical

ting to 1525 °F + 25 °F

ned in accordance with

Visual examination of transverse full cross-sections from bars, forgings, and forging stock, etched in hot hydrochloric acid
in accordance with ASTM A604, shall show no pipe or cracks. Porosity, segregation, inclusions, and other imperfections

shall be no worse than

3.56.1.1.2

the macrographs of ASTM A604 shown in Table 2.

Table 2 - Macrostructure limits

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

Macrostructure examination is not required for bored/hollow forgings (including ring forgings) and tubings that

are produced directly from ingots or blooms unless specified by the purchaser, in which case the purchaser
shall specify standards to be used.
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3.5.1.2 Response to

Heat Treatment (Maraging) for Bars and Forgings

Bars and forgings shall meet the requirements of 3.5.1.2.1, 3.5.1.2.2, and 3.5.1.2.3 after being maraged by heating within
the range 900 to 950 °F (482 to 510 °C), holding at the selected temperature within £10 °F (+6 °C) for not less than 5 hours,

and cooling in air.

3.5.1.2.1 Tensile Properties

Shall be as shown in Table 3.

Table 3A - Minimum tensile properties, inch/pound units

Yield
Strength
Nominal Diameter or L east Distance Tensile at 0.2% Elongation Reduction
Between Parallel Sides Strength Offset in 4D df Area
Inches ksi ksi % %
0.500 to 2.000, incl 190 180 12 60
Dver 2.000 to 4.000, incl 190 175 12 60
Dver 4.000 to 8.000, incl 190 170 10 50
Table 3B - Minimum tensile properties, S| units
Yield
Strength
Nominal Diameter or Least Distance Tensile at.0.2% Elongation Reduction
Between Parallel Sides Strength Offset in 4D df Area
Millimeters MPa MPa % %
12.70 to 50.80, incl 1310 1241 12 60
Opyer 50.80 to 101.60, incl 1390 1207 12 60
Oper 101.60 to 203.20, incl 1310 1172 10 50

3.51.21.1 Unless
within a
strain, th
0.5 mm/
reduced

strain rafe between 0.05 infin/mm and 0.5 in/in/min (0.05 and 0.5 mm/mm/min).

3.5.1.2.2 Impact Str

Shall be as shown in T

therwise specified, the strain rafe shall be set at 0.005 in/in/min (0.005 mm/m

e speed of the testing machine shall be set between 0.05 in/in and 0.5 i
mm) of the length of the'reduced section (or distance between the grips for s
section) per minute. Alternatively, an extensometer and strain rate indicator

M/min) and maintained

tolerance of £0.002 in/in/min(0.002 mm/mm/min) through 0.2% offset yiel:ﬂ strain. After the yield

/in (0.05 mm/mm and
pecimens not having a
may be used to set the

bngth
pble 4,
|~ Table 4A - Impact strength _inch/pound units |
Nominal Diameter or Least Distance Charpy V-Notch
Between Parallel Sides atO °F
Inches foot-pounds
0.500 to 2.000, incl 60
Over 2.000 to 4.000, incl 50

Over 4.000 to 8.000, incl 40
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3.56.1.2.3

Table 4B - Impact strength, Sl units

Nominal Diameter or Least Distance Charpy V-Notch

Between Parallel Sides at-18 °C
Millimeters Joules
12.70 to 50.80, incl 81.3
Over 50.80 to 101.60, incl 67.8
Over 101.60 to 203.20, incl 54.2

Fracture Toughness When Specified

Acceptance criteria and method of test shall be as established by purchaser.

3.5.1.24
upon betw

cen purchaser and producer and reported per4.4.4

Mechanical property requirements for product outside the size range covered by Tables 3 and 4 shall be agreed

3.6 Quality

The product, as received by purchaser, shall be uniform in quality and condition, sound, and-free fron foreign materials and

from imperfections det

| 3.6.1
removal allows
3.6.2 All product sh
requirements 3
3.6.3 Grain flow of d

forgings showi
3.7 Tolerances
Bars shall conform to g
3.8 Exceptions
Any exceptions shall b
4. QUALITY ASSURA
4.1 Responsibility fo

The producer of the prq

imental to usage of the product.

Bars and meclhanical tubing shall be free from seams, laps, tears, and cracks after remova

nce in accordance with AS1182.

all be inspected ultrasonically in accordance with "AMS2630 and shall n
s defined therein. Hot-finished surfaces shall bé suitably prepared prior to ul

ie forgings, except in areas that contain flash-line end grain, shall follow the
hg no evidence of reentrant grain flow.

Il applicable requirements of AMS2251.

b authorized by the'purchaser and reported as in 4.4.4.
ANCE PROVISIONS
" Inspection

duct shall supply all samples for producer's tests and shall be responsible fo

required tests. Purcha

| of the standard stock
heet Class AA quality
rasonic inspection.

general contour of the

[ the performance of all

arrasaeres-the riaht to samnle and to nerform-anv confirmataonstestina deem.
b J ~ - ~ J J J

bd necessary to ensure

that the product conforms to specified requirements.

4.2 Classification of Tests

4.21

Acceptance Tests

Tests for the following requirements are acceptance tests and shall be performed on each heat or lot as applicable:

4211 Composition
4.2.1.2 Hardness (3.
4213
4214

(3.1) and macrostructure (3.5.1.1.1) of each heat.

3.1) of each lot of bars and forgings as solution heat treated.

Ultrasonic quality (3.6.2) of each bar and forging as solution heat treated.

Tensile properties (3.5.1.2.1) and impact strength (3.5.1.2.2) of each lot of bars and forgings after maraging.
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4215

4.2.1.6

4.2.2 Periodic Tests

Tolerances (3.7) of bars.

Fracture toughness, when specified, (3.5.1.2.3) of each lot of bars and forgings after maraging.

The test for grain flow of die forgings (3.6.3) is a periodic test and shall be performed at a frequency selected by the producer
unless frequency of testing is specified by purchaser.

4.3 Sampling and Testing

4.3.1 Bars and Forg

ing Stock

In accordance with AMS2370.

4.3.2 Forgings

In accordance AMS23]

44 Reports

4.41
where the met

piece as soluti

product confor

and lot numbe
supplied, the s

for composition, and macrostructure for each heat and the results of any additional property
port shall include the purchase order number, heat number, AMS6543G, size

442 Reportthe non

4.4.3 The producerd
the metal was
by 8.6. This re

4.4.4 When material

are taken to th
certified as AM
see 5.2.1).

4.5 Resampling and

451 Bars and Forg

(2.

The producer ¢f bars and forgings shall furnish with each shipment a report showing the pr:

bn heat treated, and for tensile and impact properties after maraging of each

s, AMS6543G, product form and size (and/or part number if applicable), and

ninal metallurgically worked cross sectional size and the cut size, if different

melted (e.g., final melt in the case of metal processed by multiple melting ope

produced to this specification is beyond the sizes allowed in the scope or tab

S6543G(EXC)-because of the following exceptions:" and the specific excepti

Retesting

ng-Stock

ms to the other technical requirements. This repart shall include the purchg

ze and melt source of stock used to make the forgings shall also be includeq.

f forging stock shall furnish with gach shipment a report showing the producer

bducer identity, country

bl was melted (e.g., final melt in the case of metal processed by multiple melfing operations), results
of tests for composition and macrostructure of each heat and for condition of each lot and ul

rasonic quality of each
lot, and stating that the
se order number, heat
quantity. If forgings are

also see 3.3.1).

identity, country where
rations), results of tests
requirements imposed

and quantity.

es, or other exceptions

e technical requirements listed in Section 3, the report shall contain a stat¢gment "This material is

bns shall be listed (also

In accordance with AM
4.5.2 Forgings

In accordance with AM

S2370.

S2372.
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