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MATERIAL SPECIFICATION | issueq 1970-05

Revised 2022-09

Superseding AMS6512H

Steel, Maraging, Bars, Forgings, Mechanical Tubing, Rings, and Forging Stock
18Ni - 7.8Co - 4.9Mo - 0.40Ti - 0.10Al
Consumable Electrode Vacuum Melted, Annealed
(Composition similar to UNS K92890)

RATIONALE

AMS6512 is the result df a Five-Year Review and update of the specification. The revision prohibits tjnauthorized exceptions

(3.5.5.1.5, 3.8, 44.3,

2.1.1, 8.7, 8.8), aligns the size and quenchant with similar speeificatjon (1.1, 1.2), updates

composition requiremepts (3.1), updates heat treatment (3.4), addresses hollow forgings{(3.5.1.1, 3.5.1.2, 8.8), revises
micro-inclusion rating method (3.5.2), aligns aging time with similar specifications (3.5.5)adds strain rate control (3.5.5.1.4),

updates reporting for bar (4.2.1.2), and allows prior revisions (8.3).

1. SCOPE
1.1 Form
This specification cove
flash welded rings up t

and stock of any size fg

1.2 Application

s a premium aircraft-quality, maraging alloy steel in the form of bars, forgimgs, mechanical tubing,
nrough 10.000 inches (254.00 mm), inclusive, in diameter or least distancel between parallel sides
r forging or flash welded rings.

These products have bgen used typically for parts requifing through hardening, without liquid quencling, to a minimum yield

strength of 240 ksi (16
such applications.

2. APPLICABLE DOCQ

The issue of the follow
extent specified herein.
specified. When the ref]
published issue of that
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Hocument shall apply.
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2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.
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hical Testing of Steel Products
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Assurance Sampling and Testing, Carbon and Low-Alloy Steel Wrought Prodlucts and Forging Stock
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pality Steel Bars and

Cken, PA 19428-2959,

Chemical Analysis of Steel Products

Determining the Inclusion Content of Steel

Determining Average Grain Size

Hardness Conversion Tables for Metals Relationship Among Brinell Hardness, Vickers Hardness, Rockwell
Hardness, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Leeb Hardness

Plane-Strain Fracture Toughness of Metallic Materials
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3. TECHNICAL REQUIREMENTS
3.1 Composition

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

Table 1 - Composition

Element Min Max
Carbon -- 0.03
Manganese -- 0.10
Silicon -- 0.10
Phosphorus -- 0.010
Sultur - 0.070
Nickel 17.00 19.00
Cobalt 7.00 8.50
Molybdenum 460 5.20
Titanium 0.30 0.50
Aluminum 0.05 0.15
Chromium -- 0.50
Copper -- 0.50

3.1.1 Additives
Any additions of calcium, zirconium, and boron shall be made prior togpouring the first melt into ele¢trodes; these elements
shall not exceed 0.05% calcium, 0.02% zirconium, and 0.004% boten and shall be analyzed and rgported in the final heat
analysis.
3.1.2 Check Analysis
Composition variations [shall meet the applicable requirements of AMS2248.
3.2 Melting Practice
Steel shall be produced by multiple melting_using consumable electrode vacuum remelt (VAR) pragtice in the remelt cycle.
3.3 Condition
3.3.1 Bars

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

3.3.2 Forgings, Mechanical Tubing, and Flash Welded Rings
Annealed and descaled.

3.3.2.1  Flash welded rings shall not be supplied unless specified or permitted on purchaser’'s part drawing. When
supplied, rings shall be manufactured in accordance with AMS7496.

3.3.3  Stock for Forging or Flash Welded Rings

As ordered by the forging or flash welded ring manufacturer.
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3.4 Annealing

Bars, forgings, mechanical tubing, and flash-welded rings shall be annealed in accordance with AMS2761 by heating to a
temperature within the range 1500 to 1700 °F (816 to 927 °C), holding at the selected temperature within 25 °F (x14 °C)
for a minimum of 1 hour and cooling to room temperature in air or other atmosphere at a rate equivalent to an air cool or
faster.

3.5 Properties

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

3.5.1  Macrostructure
Visual examination of tfansverse full cross-sections from bars, billets, tube rounds (solid, not hollow)), and stock for forgings
or flash welded rings, efched 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 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

3.5.1.1  Macrostructufe examination is not required for bored/hellow forgings (including ring fofgings) and mechanical
tubing that ane produced directly from ingots or bloomstunless otherwise agreed upon by purchaser and producer
(see 8.8).

3.5.1.2 If mechanica| tubing is produced directly from ingots or large blooms, transverse sectiong may be taken from the
tubing. Macrgstructure standards for such tubes shall be as agreed upon by purchaser ahd producer (see 8.8).

3.5.2 Micro-Inclusion| Rating of Each Heat
No specimen shall exceed the limits shown_in Table 3, determined in accordance with ASTM E45, Method A.

Table 3 - Micro-inclusion rating

Type A B C D E
Thin 15 15 15 20 3.0
Heavwy 1.0 1.0 1.0 15 15

3.5.2.1  Type E is titanium nitride and shall be rated in the same manner as Type B.
3.5.3 Hardness of Bars, Forgings, Tubing, and Rings

3.5.3.1  Bars over 0.500 inch (12.70 mm) in nominal diameter or least distance between parallel sides, forgings, tubing,
and flash welded rings shall have hardness not higher than 34 HRC, or equivalent (see 8.2).

3.5.3.2 Bars 0.500 inch (12.70 mm) and under in nominal diameter or least distance between parallel sides shall have
tensile strength not higher than 160 ksi (1103 MPa) or hardness not higher than 34 HRC, or equivalent (see 8.2).

3.5.4 Average Grain Size of Bars, Forgings, Tubing, and Rings

Shall be as follows, determined in accordance with ASTM E112.


https://saenorm.com/api/?name=f674fa7c0c78c6c2f3b33bf9d3e5d2b2

SAE INTERNATIONAL AMS6512™J Page 5 of 9

3.5.4.1  Product Under 2.50 Inches (63.5 mm) in Nominal Section Thickness

ASTM No. 6 or finer.

3.5.4.2 Product 2.50 to 10.00 Inches (63.5 to 254.0 mm), Incl, in Nominal Section Thickness
ASTM No. 4 or finer.

3.5.5 After Maraging Heat Treatment

Specimens shall have the following properties after being maraged by heating to 900 °F + 10 °F (482 °C + 6 °C), holding at
heat for 4 to 6 hours, and cooling to room temperature:

3.5.5.1 Tensile Properties

Shall be as shown in T:Lble 4,

Table 4A - Minimum tensile properties, inch/pound units

Npminal Tensile  Yield Strength ¢Elongation  Reduction
Section Thickness Specimen Strength  at 0.2% Offset in 4D of Area
Ipches Orientation ksi ksi % %
Uplto 4.000, excl Longitudinal 255 250 6 45
Transverse 255 250 4 35
4.00( to 10.000, incl Longitudinal 245 240 5 30
Transverse 245 240 3 20

Table 4B - Minimum tensile properties, Sl units

Npminal Tensile  Yield Strength  Elongation Reduction
Section Thickness Specimen: (;'Strength  at 0.2% Offset in 4D of Area
Millimeters Orientation MPa MPa % %
Up|to 101.60, excl Longitudinal 1758 1724 6 45
Transverse 1758 1724 4 35
101.60 to 254.00, incl. Lengitudinal 1689 1655 5 30
Transverse 1689 1655 3 20

3.5.5.1.1  Longitudingl requirements apply to specimens taken with axis of specimens approximately parallel to the grain
flow and to|specimens taken in the radial direction and in the tangential direction at thelrim of disc forgings. All
other specimens shall be considered to be in the transverse direction.

3.5.5.1.2  Transverse test requirements apply only to product that tensile specimens not less than 2.50 inches (63.5 mm)
in length can be taken.

3.5.5.1.3 Tensile properties in the longitudinal direction need not be determined on product tested in the transverse
direction.

3.5.5.1.4 Unless otherwise specified, the strain rate for both longitudinal and transverse tensile tests shall be set at
0.005 in/in/min (0.005 mm/mm/min) and maintained within a tolerance of £0.002 in/in/min (0.002 mm/mm/min)
through 0.2% offset yield strain. 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 reduced section (or distance between the grips for
specimens not having a reduced section) per minute. Alternatively, an extensometer and strain rate indicator
may be used to set the strain rate between 0.05 and 0.5 in/in/min (0.05 and 0.5 mm/mm/min).
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3.5.5.15

purchaser and producer and reported per 4.4.3.

3.5.5.2 Hardness

Mechanical property requirements for product outside the range covered by 1.1 shall be agreed upon between

Shall be not lower than 48 HRC, or equivalent (see 8.2), but the product shall not be rejected on the basis of hardness if
the tensile property requirements are acceptable, determined on specimens taken from the same sample as that with the
nonconforming hardness or from another sample with similar nonconforming hardness.

3.5.5.3

Fracture Toughness

When specified, product shall be subjected to fracture toughness testing in accordance with ASTM E399. Acceptance
standards shall be as agreed upon between purchaser and producer (see 8.8).

3.5.6  Forging Stock

Specimens extracted fr
3.5.5.1, 3.5.5.2, and, w
conform to the requirer
tests of a forged coupo

3.5.6.1  Forging stoc}
a smaller sizg
357 Stock for Flash

bm a forged down test coupon heat treated as in 3.4 and 3.5.5 shall cenforn
hen specified, 3.5.5.3. If specimens taken from the stock after heat-treatm
nents of 3.5.5.1, 3.5.5.2 and, when specified, 3.5.5.3, the tests shall be ac
.

N to the requirements of
ent as in 3.4 and 3.5.5
cepted as equivalent to

from a heat meeting the requirements of 3.5.6 in one_size need not be retgsted for qualification of

N

Welded Rings

Specimens taken from the stock after heat treatment as in 3.4 and 3:5.5 shall conform to the requirempents of 3.5.5.1, 3.5.5.2,

and, when specified, 3.
3.6 Quality

The product, as receive
from imperfections detr|

b.5.3.

d by purchaser, shall be uniformrin quality and condition, sound, and free fro
mental to usage of the product.

remium aircraft-quality.conforming to AMS2300.

anical tubing shall.be free from seams, laps, tears, and cracks after remov
hce in accordance with AS1182.

m foreign materials and

bl of the standard stock

ngs ordéred ground, turned, or polished shall be free from seams, laps, teqrs, and cracks open to

ned, drpolished surfaces.

3.6.1  Steel shall be g
3.6.2 Bars and mech
removal allowa
3.6.3 Flash welded r|
the ground, tur
3.6.4 Grain flow of d

e fargings, except in areas that contain flash-line end grain, shall follow th

general contour of the

forgings showing no evidence of reentrant grain flow.

3.7 Tolerances

3.7.1 Bars

In accordance with AMS2251.

3.7.2

Mechanical Tubing

In accordance with AMS2253.

3.8 Exceptions

Any exceptions shall be authorized by the purchaser and reported as in 4.4.3.
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4. QUALITY ASSURANCE PROVISIONS

41

Responsibility for Inspection

The producer of the product shall supply all samples for vendor’s tests and shall be responsible for the performance of all
required tests. Purchaser reserves the right to sample and to perform any confirmatory testing deemed necessary to ensure
that the product conforms to specified requirements.

4.2 Classification of Tests

421 Acceptance Te

sts

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

4.2.1.1 Composition
4.2.1.2 Hardness (3

(3.56.3.1) of e
4213 Average grai
4214

bars, forging
4215 Tolerances 0
4216 If stock for

and 3.5.7).
4.2.2 Periodic Tests

Tests for frequency-se
at a frequency selected

4.3 Sampling and Te|

4.3.1 Bars, Mechanid
In accordance with AM

4.3.2 Forgings

Tensile properties (3.5.5.1), hardness (3.5.5.2), and, when specified;fracture toughness

5.3) of each lot of bars, forgings, tubing, and flash welded rings as-anne
ach lot of bars as annealed.

h size (3.5.4) of each lot of bars, forgings, tubing, and flash welded rings as

5, tubing, and flash welded rings after maraging heattreatment.
f bars (3.7.1) and mechanical tubing (3.7.2).

orgings or flash welded rings, tests to demonstrate ability to develop req

erity rating (3.6.1), and grain flow of die forgings (3.6.4), are periodic tests
by the producer unless frequency of testing is specified by purchaser.

sting
al Tubing, Flash Welded Rings, and Stock for Forgings and Flash Welded R

52370.

[3.T), macrostructure (3.5.7), and micro-inclusion rating (3.5.2) of each heal.

bled or tensile strength

annealed.

(3.5.5.3) of each lot of

uired properties (3.5.6

and shall be performed

Rings

In accordance with AM

82372

44 Reports

4.4.1

The producer of bars, forgings, tubing, and flash welded rings shall furnish with each shipment a report showing the

producer identity, country where the metal was melted (e.g., final melt in the case of metal processed by multiple
melting operations), results of tests for composition, macrostructure, and micro-inclusion rating, of each heat, and
for average grain size and annealed hardness tensile properties, hardness, and, when specified, fracture toughness
of each lot after maraging heat treatment, and stating that the product conforms to the other technical requirements.
This report shall include the purchase order number, heat and lot numbers, AMS6512J, 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.

442

If the ship size/shape is cut from a larger cross section, report the nominal metallurgically worked size (see 3.3.1).
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