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STEEL BARS, FORGINGS, TUBING, AND RINGS, MARAGING
19N7 - 3.0Mo - 1.4Ti - 0.10A1 :
Double Vacuum Melted, Annealed

1. SCOPE:

1.1 Form: |This specification covers a premium aircraft-quality,‘maralging steel
in the |form of bars, forgings, mechanical tubing, flash welded rings, and
stock flor forging or flash welded rings.

1.2 Application: Primarily for parts, such as pressure véssels, requiring
througl hardening, without quenching, to a minimumiyield strength of
240,00Q psi (1655 MPa) and where such parts may/vequire welding during
fabrication. .

2. APPLICABLE DOCUMENTS: The following publications form a part of this
specifidation to the extent specified herein. The latest issue of| Aerospace
Material|l Specifications and Aerospace Standards shall apply. The fapplicable
issue off other documents shall be as specified in AMS 2350.

2.1 SAE Publications: Available from-SAE, 400 Commonwealth Drive, Warrendale,

PA 15096.

2.1.1 Aerospace Material Specifications:

AMS 2248 - Chemical (Check Analysis Limits, Wrought Corrosion and Heat
Resistant Steels and Alloys, Maraging, and Other
Highl'y-Alloyed Steels, and Iron Alloys

AMS 2251 - Tolerances, Low-Alloy Steel Bars

MAM 2251 - _Tolerances, Metric, Low-Alloy Steel Bars

AMS 2253 < TJolerances, Carbon and Alloy Steel Tubing

MAM 2253 =" Tolerances, Metric, Carbon and Alloy Steel Tubing

AMS 2300 - Premijum Aircraft-Quality Steel Cleanliness, Magnetic Particle
Inspection Procedure

MAM 2300 - Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle
Inspection Procedure, Metric (SI) Measurement

AMS 2350 - Standards and Test Methods
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2.1.2

2.2

2.3

2.3.1

2.3.2

(Continued):
AMS 2370 - Quality Assurance Sampling of Carbon and Low-Alloy Steels,
Wrought Products Except Forgings and Forging Stock
AMS 2372 - Quality Assurance Sampling of Carbon and Low-Alloy Steels,
Forgings and Forging Stock
AMS 2375 - Control of Forgings Requiring First-Article Approval
AMS 2806 - Identification, Bars, Wire, Mechanical Tubing, and Extrusions,
Carbon and Alloy Steels and Heat and Corros1on Resistant
Steels and Alloys
ANMS 2808 - Identification, Forgings
AMS 7496 - Rings, Flash Welded, Carbon and Low-Alloy Steels
Aerospace Standards:
AS 1184 - Standard Machining Allowance, Aircraft Quality and Premium
Quality Steel Products
ASTM Publlications: Available from American Society for Testing and
Materialg, 1916 Race Street, Philadelphia, PA 19103,
ASTM A37Q - Mechanical Testing of Steel Products
ASTM A604 - Macroetch Testing of ConsumablecElectrode Remelted Steell
Bars and Billets
ASTM E45| - Determining the Inclusion .Content of Steel
ASTM E114 - Determining Average Grain-Size
ASTM E353 - Chemical Analysis of Stainless, Heat-Resisting, Maraginlg, and
Other Similar Chromium-Nickel-Iron Alloys
ASTM E399 - Plane-Strain Fracture Toughness of Metallic Materials
U.S. Govérnment Publicatiohs: Available from Commanding Officer, Naval
PubTications and Forms Center, 5801 Tabor Avenue, Philadelphia, PA | 19120.
Military Specifications:
MIL-H-6875 - Heat Treatment of Steel, Process for
Military Standards:
MIL-STD-163 - Steel MiTl Products, Preparation for shipmemt and Storage

N
~./


https://saenorm.com/api/?name=4ae882853f69c9204ab422bec978f7be

Page 3 ear= AMS 6519
e 6

O

3. TECHNICAL REQUIREMENTS:

3.1 Composition: Shall conform to the following percentages by weight,
determined by wet chemical methods in accordance with ASTM E353 or by
spectrographic or other analytical methods approved by purchaser:

min max
Carbon -- 0.03
Manganese -- 0.10
Silicon ~- 0.10
Phosphorus -- 0.010
Sulfur -- 0.010
Nickel 18.00 - 20.00
Mol ybdenum 2.75 - 3.25
Titanium 1.20 - 1.60
Aluminum 0.05 - 0315
Chromium -- 0.50
Cobalt -- 0.50
Copper -- 0.50

3.1.1 Prigr to pouring, up to 0.05% calcium shall be added to the melt but
analysis for this element need not be(performed.

3.1.2 Chegk Analysis: Composition varigtions shall meet the requirements of
AMS([2248.

3.2 Condition: The product shall:be supplied in the following condfition:

3.2.1 Barg, Forgings, Mechanical Tubing, and Flash Welded Rings: Apnealed and
desgaled.

3.2.1.1 FJash welded rings shall not be supplied unless specified of permitted
oI purchaser's. part drawing. When supplied, they shall be manufactured
accordance with AMS 7496,

-

3.2.2 Stogk for Forging or Flash Welded Rings: As ordered by the fprging or
fTa$h welded ring manufacturer.

3.3 Heat Treatment: Bars, forgings, mechanical tubing, and flash welded rings
shall be annealed by heating to a temperature within the range 1500° - 1700°F
(815° - 925°C), holding at the selected temperature within +25°F (+15°C) for
1 - 2 hr, and cooling in air to room temperature. Furnace surveys and
calibration of temperature controllers and recorders shall be in accordance
with MIL-H-6875.

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

3.4.1 Heat of Steel:
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3.4.1.1.1

3.4.1.2

Macrostructure: Visual examination of transverse sections as in 4.3.3
from bars, billets, tube rounds or tubes, and stock for forging or flash
welded rings, etched in accordance with ASTM A604 in a suitable etchant
for sufficient time to develop a weéll-defined macrostructure, shall show
no pipe or cracks. Except as specified in 3.4.1.1.1, porosity,
segregation, inclusions, and other imperfections detrimental to
fabrication or to performance of parts shall be no worse than the
following macrographs of ASTM A604:

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

If [tubes are produced directly from ingots or lange blooms, transverse
sedtions may be taken from tubes rather than tabe rounds.
Madrostructure standards for such tubes shall\be as agreed uppn by
purichaser and vendor,

Micrg-Inclusion Rating: No specimen as in 4.3.4 shall exceed the

3.4.1.2.1

3.4.2 Ba

folldwing Timits, determined in accordance with ASTM E45, Method D.

Inclusion Rating

Type A B C D E
Thin 1.5¢51.5 1.5 2.0 3.0
Heavy 10 1.0 1.0 1.5 1.5

Type E is titanium aitrides and shall be rated in the same manner as
Tyne B.

rs, Wire, Forgings, Tubing, and Flash Welded Rings:

3.4.2.1
3.4.2.1.1

3.4.2.1.2

3.4.2.1.3

3.4.2.1.3

As Arnnealed:

Handness: Bars over 0.500 in. (12.50 mm) in nominal diameter] or
didtance between parallel sides, forgings, tubing, and flash welded
rings shall have hardness not higher than 321 HB or equivalent.

Tensile Strength: Bars 0.500 in. (12.50 mm) and under in nominal
diameter or distance between parallel sides shall have tensile

strength not higher than 160,000 psi (1105 MPa) or equivalent hardness.

Grain Size: Shall be as follows, determined in accordance with
ASTM E112; the procedure used shall be as agreed upon by purchaser and
vendor:

.1 Product Under 2.50 In. (62.5 mm) in Nominal Section Thickness:
Predominantly 6 or finer with occasional grains as large as 4
permissible.

@

N
N/


https://saenorm.com/api/?name=4ae882853f69c9204ab422bec978f7be

Page 5 car AMS 6519
s

3.4.2.1.3.2 Product 2.50 to 10.00 In. (62.5 to 250.0 mm), Incl, in Nominal
Section Thickness: Predominantly 4 or finer with occasional grains
as large as 2 permissible.

3.4.2.1.3.3 Product Qver 10.00 In. (250.0 mm) in Section Thickness: As agreed
upon by purchaser and vendor.

3.4.2.2 After Maraging: The product shall have the following properties after
being maraged by heating to 900°F + 10 (480°C + 5), holding at heat for
4 - 6 hr, and cooling to room temperature:

3.4.2.2.1 (Fensite Properties—Shatt—be =5 specTfTted tm Table I and 3.4.2.2.1.1.



https://saenorm.com/api/?name=4ae882853f69c9204ab422bec978f7be

VR
@), J O
(Yo )
QO
o
&
074 € G591 0691 9SJaAsURU]
o€ q G591 0691 [eurpnytbuoT Lput 00°0S2 03 00°001
g€ 14 gLl 0941 9SJdaAsued ]
b 9 Y44 09/1 eutpnatbuoT  |px@ ‘00 00l 03 dn
utw ‘g L ‘g utw ‘edn iu ‘edy uoLjejuaLuaQ SoujaUWL L L LW
eaJdy j}o ay ut 135440 %2°0 3 yabusuls uauw Loadg SSaUYOLYL uo1329g
uoL1onpay uopLjebuo |3 yabuauis pLata isual Leu LWoN
(1S) 1 378vL
0¢ € 000°0t2 000°s¥2 9SJaAsURU]
0¢ ] 000°0%¢ 000°st2 eurpnibuod jout ‘000°0L 03 000t
¢ b 000°0S52 000°652 9SJ9AsURU]
Sb 9 000°05¢ 000°SS¢2 leutpnitbuo 1ox3 ‘000°t 03 dn
utw g UL ‘9 uLw ‘tsd utw °Lsd uoLIRIUSLUD sayout
eaJy Jo apy ut 19s4J0 %2°0 32 yzbusuls uawy dadg SSaUNOLY| uoL3oes
uoL3onpay uo[3ebUo 3 YIUSIIS PO LK STISUsT Leu LwopN
[=,]
% ST
(2]
=
<C
®

aar



https://saenorm.com/api/?name=4ae882853f69c9204ab422bec978f7be

®

Page 7 ear= AMS 6519
ot 6
3.4.2.2.1.1 Tensile property requirements for product over 10.000 in.
(250.00 mm) in nominal section thickness shall be as agreed upon by
purchaser and vendor.
3.4.2.2.1.2 Longitudinal requirements apply to specimens taken with the axis of

specimens approximately parallel to the grain flow and

to specimens

taken in the radial direction and in the tangential direction at the

rim of disc forgings. All other specimens shall be con
in the transverse direction.

sidered to be

3.4.2.2.1.3 Transverse requirements apply only to product from which tensile

l  Tensile properties in the longitudinal direction need n
determined on product tested in the transverse directig

Hardness: Should be not lower than 48 HRC orcequivalent
product shall not be rejected on the basis ofohardness if
property requirements are met.

Fracture Toughness: When specified, the product shall bd
fracture toughness testing. Method‘0f test and standards
acceptance shall be as agreed upony purchaser and vendd
is a suggested method of test.

ing Stock: When a sample of Stock is forged to a test cg

pted as in 3.3 and 3.4.2.2 ~specimens taken from the heat

n specified, 3.4.2.2.3.01f specimens taken from the stock
ntment as in 3.3 and(3.4.2.2 conform to the requirements ¢
3.4.2.2.2 and, when. specified, 3.4.2.2.3, the tests shall
pquivalent to teSts of a forged coupon.

ck for Flash, Welded Rings: A sample of stock heat treated

3.4.2.2 shall conform to the requirements of 3.4.2.2.1, 3
, when specified, 3.4.2.2.3.

Ly

-

2300. It shall be produced by multiple melting using vac

n be taken.

ot be
n.

but the
the tensile

subjected to
for
r. ASTM E399

upon and heat
treated

pon shall conform to the requirements of 3.4.2.2.1 and 3.4.2.2.2 and,

after heat
f 3.4.2.2.1
be accepted

as in 3.3

4.2.2.2,

0 or
uum induction

process in the initial melt and vacuum consumable electrode practice in

final melt.

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

3.4.2.2.1.
3.4.2.2.2
3.4.2.2.3
3.4.3 For
tre
cou
whe
tre
and
as
3.4.4 Sto
and
and
3.5 Quali
3.5.1 StE'
MAM
the
3.5.2
3.5.2.1

Bars, tubing, and flash welded rings ordered ground, turned, or polished
shall be free from seams, laps, tears, and cracks open to the ground,
turned, or polished surfaces.
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3.5.2.2 Product ordered to surface conditions other than ground; turned, or
polished shall, after removal of the standard machining allowance, be
free from seams, laps, tears, cracks, and other defects exposed to the

machi
with

ned surfaces.
AS 1182.

Standard machining allowance shall be in accordance

3.5.3 Grain flow of die forgings, except in areas having end grain, shall follow
the general contour of the forging, showing no evidence of re-entrant flow.

3.6

3.7

3.7.1
3.7.2

4. QUALITY AS

applicabl

Sizes:

Except when exact lengths or multiples of exact lengths are ordered,

straight bars, and tubing will be acceptable in mill lengths of 6 - 20 ft

(2 - 6 m)
shorter 1

Tolerancs

Bars:

Mechani

s:
e

but ot more tham 10% of any shipment shatt—be supptied_i
han 10 ft (3 m).

Unless otherwise specified, tolerances shall conform 1
requirements of the following:

AMS 2251 or MAM 2251.

cal Tubing: AMS 2253 or MAM 2253,

SURANCE PROVISIONS:

4.1

4.2
4.2.1

4.2.2

4.2.2

4.3 Sampling:

4.3.1

Responsik

ility for Inspection: The vendor<of the product shall sugp

samples 1
required
required
confirmat
the requi

Classifig

or vendor's tests and shall be.responsible for performing
tests. Results of such tests shall be reported to the puy
by 4.5. Purchaser reservesythe right to sample and to pe
ory testing deemed necessary to ensure that the product cg
rements of this specification,

ation of Tests:

Accepty

nce Tests: Tests to determine conformance to all technicg

requirg
shall §

Preprog

ments of this-specification are classified as acceptance t
e performed.-on each heat or lot as applicable.

uction-Tests: Tests of forgings to determine conformance

techniq
are cld

on the

in material, processing, or both requires reapproval, and

al requirements of this specification when AMS 2375 is spg
ssified as preproduction tests and shall be performed prig

n lengths

o all

ply all
all
chaser as
form any
nforms to

—

ests and

to all
cified
r to or

deems confirmatory testing to be required.

change

E]
when purchaser

.1 For direct U.S. Military procurement of forgings, substantiating test
data, and when requested, preproduction forgings shall be submitted to
the cognizant agency as directed by the procuring activity, the
contracting officer, or the request for procurement.

Shall be in accordance with the following; a heat shall

be the

consumable electrode remelted ingots produced from steel originally melted
as a single furnace charge:

Bars, Mechanical Tubing, Flash Welded Rings, and Stock for Flash Welded

Rings:

AMS 2370,

@

N
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