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1. SCOPE:
1.1 Form:
This spegification covers a premium aircraft-quality, corrosion and heat
resistant steel in the form of bars, wire, forgings, mechanical tubing, flash
welded rings, and stock for forging or flash welded rings.

1.2 Application:
ducts have been used typically for pressure vessels or gtructural
uiring uniformly high room-temperature tensile propertigs with
resistance up to 1000 °F (538 °C), where control of fernrite is

, but usage is not limited to such applications.
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2. APPLICABL
The follo
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date of t

2.1 SAE Publilcations:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096

AMS 2241 s
Titanium, and Titanium Alloy Bars and Wire
MAM 2241 Tolerances, Metric, Corrosion and Heat Resistant Steel, Iron
Alloy, Titanium, and Titanium Alloy Bars and Wire

design and processing procedures may cause these produgts to become
ible to stress-corrosion cracking; ARP1110 recommends practices to
e such conditions.

DOCUMENTS:

ing publications'form a part of this specification to the extent
herein. The latest issue of SAE ?ublications shall apply. The

issue of other publications shall be the issue in effedt on the
e purchase ‘order.

SAE Technical Standards Board Rules provide that: "This report is publiéhed 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. K
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2.1

2.2

2.3

3.
3.1

SAE Publications (Continued):

AMS 2243 Tolerances, Corrosion and Heat Resistant Steel Tubing
MAM 2243 Tolerances, Metric, Corrosion and Heat Resistant Steel Tubing
AMS 2248 Chemical Check Analysis Limits, Wrought Corrosion and Heat
Resistant Steels and Alloys, Mara?ing and Other
Highly-Alloyed Steels, and Iron Alloys
AMS 2300 Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle
Inspection Procedure
MAM 2300 Premium Aircraft-Quality Steel Cleanliness, Magnetic Particle
Inspection Procedure, Metric (SI) Measurement
AMS 2315 Determination of Delta Ferrite Content '
AMS 2371 Quality Assurance Sampling and Testing, Corrosion and Heat
Resistant Steels and Alloys, Wrought Products and Forging Stock
AMS 2374 |Quality Assurance Sampling and Testing, Corrosion and Heat Resistant
Steel and Alloy Forgings
AMS 2806 |Identification, Bars, Wire, Mechanical Tubing, and Extrusions,
g?ybon and Alloy Steels and Corrosion and Heat Resistant| Steels and
oys
AMS 2808 (Identification, Forgings
AMS 7493 [Rings, Flash Welded, Non-Austenitic Corrosion Resistant [Steels
ARP1110 [Minimizing Stress Corrosion Cracking in‘Heat Treatable Wrought Low
Alloy and Martensitic Corrosion Resistant Steels

ASTM Publications:
Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187.

ASTM A 370 Mechanical Testing of Steel Products

ASTM A 604 Macroetch Testing of Consumable Electrode Remelted Steel Bars
and Billets

ASTM E 112 Determining Average Grain Size

ASTM E 353 Chemical Analysis.of Stainless, Heat-Resisting, Maraging, and
Other Similar Chromium-Nickel-Iron Alloys

U.S. Government Publications:

Available from Standardization Documents Order Desk, Building 4D, 700 Robbins
Avenue, Bhiladelphia, PA 19111-5094.

MIL-STD-163 .Steel Mi11 Products, Preparation for Shipment and Storage
TECHNICAL

Composition:

Shall conform to the percentages by weight shown in Table 1, determined by
wet chemical methods in accordance with ASTM E 353, by spectrochemical
methods, or by other analytical methods acceptable to purchaser.
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TABLE 1 - Composition

Element min max
Carbon 0.12 0.15
Manganese - 0.60
Silicon - 0.50
Phosphorus -- 0.025
Sulfur - 0.025
Chromium 11.50 12.50
— Nickel 075
Molybdenum -~ 0.20
Aluminum - 0.05
Copper - 0.50
Tin - 0.05
Nitrogen = 0.18

3.1.1 Check Analysis:
AMS 2288.

3.2 Melting Practice:

Composition variations shall meet the requirements of

. Shall be/ multiple melted using vacuum.consumable electrode practice in the
remelt cycle.

3.3 Condition:

-

The product shall be sugp]ied in the following condition; hardness and
tensile strength shall be determined in accordance with ASTM A 3E0:

3.3.1 Bars: |Annealed having hardness not higher than 241 HB, or equfivalent

(See 8[2)

3.3.1.1 Bars|over 0,500 to 2.750 inches (12.70 to 69.85 mm), inclusipe, in
nomipal diameter or distance between parallel sides and all hexagons
shall be/cold finished.

3.3.1.2 Bars|, other than hexagons, over 2.750 inches (69.85 mm) in npminal
diameter or distance between parallel sides shall be hot finished.

3.3.2 Wire: Cold drawn and annealed having tensile strength not higher than
: 115 ksi (793 MPa).
3.3.3 Forgings and Flash Welded Rings: Normalized and tempered having hardness

not higher than 241 HB, or equivalent (See 8.2).

3.3.3.1 Flash welded rings shall not be supplied unless sKecified or permitted on
purchaser’s part drawing. When supplied, rings shall be manufactured in
accordance with AMS 7493.
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3.3.4 Mechanical Tubing: Annealed and cold finished having hardness not higher ’
than 241 HB, or equivalent (See 8.2).

3.3.5 Stock for Forging or Flash Welded Rings: As ordered by the forging or
flash welded ring manufacturer.

3.4 Properties:

The product shall conform to the following requirements; tensile and hardness
testing shall be performed in accordance with ASTM A 370:

3.4.1 Bars, Wire, Forgings, Tubing, and Flash Welded Rings:

3.4.1.1 Macrostructure: Visual examination of transverse sections from bars,
wire, billets, tube rounds or tubes, and stock for forging on flash
welded rings, etched in hot hydrochloric acid in accordance with
ASTM| A 604, shall show no pipe or cracks. Except as specified in
3.4.1.1.1, porosity, segregationi inclusions, and other impenfections for
product 36 square inches (232 cm®) and under in nominal crossisectional
area|shall be no worse than the macrographs of ASTM A 604 shawn in
Table 2; macrostructure standards for product-over 36 square [inches
(232 cm?) in nominal cross-sectional area shall be as agreed upon by
purchaser and vendor.

TABLE 2 - Macrostructure

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

3.4.1.1.1 If|tubes -are Broduced directly from ingots or large blooms, transverse

sections may be taken from tubes rather than tube rounds.
Ma%rostructure standards for such tubes shall be as agreed |upon by
purchaser and vendor.

3.4.1.2 Decarburization: Bars, wire, tubing, and flash welded rings ordered
ground, turned, or polished shall be free from decarburization on the
ground, turned, or polished surfaces, determined microscopically at a
magnification not exceeding 100X.
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3.4.1.3 Response to Heat Treatment: Bars, wire, forgings, tubing, and flash

(R)

3.4.1.3.1 LJngitudinaI Tensile Properties:

welded rings shall have the properties shown in Table 3, determined on
full-thickness specimens taken from product 0.500 inch (12.70 mm) and
under in nominal diameter or distance between parallel sides, or from
samples with a minimum dimension of 0.500 inch + 0.100 (12.70 mm + 2.54)
cut from larger Eroduct except that samples for tensile tests cut from
larger product shall have a minimum dimension of 0.500 to 0.750 inch
(12.70 to 19.05 mm). The specimens shall be hardened by heating in a
neutral atmosphere to 1735 °F + 10 (946 °C + 6), holding at heat for 1
hour + 0.1, and cooling in still air and double tempered by heating to
600 °F + 10 (316 °C + 6), holding at heat for 2 hours + 0.25, and cooling
in air, reheating to 600 °F + 10 (316 °C + 6), holding at heat for 2
hours + 0.25, and cooling in air.

TABLE 3 - Minimum Longitudinal Tensile Properties

Property Value
Tensile Strength 180 ksi (1241 |MPa)
Yileld Strength at 0.2% Offset 145 ksi (1000 [MPa)
Elongation in 2 Inches (50.8 mm) or- 4D 10%
Reduction of Area 30%
3.4.1.3.1.1 [Long-Transverse Tests: ! May be used instead of Tongitudinal tests if

(R)

lobtainable from the product form.

t be rejected on-the basis of hardness if the tensile pnoperty

3.4.1.3.2 Hardness: Should_be 39 to 44 HRC, or equivalent, but the [product shall

quirements are met (See 8.2).

3.4.1.3.3 Gnain Size:> Predominantly 5 or finer with occasional graﬂns as large

3 permissible, determined by comparison of a polished and etched

specimen-with the chart in ASTM E 112.

3.4.1.3.4 Ddlta’ Ferrite ContgnE: Shall be not more than 5%, determijned in

3.4.2

3.4.3

a S—2315-

Forging Stock: When a sample of stock is forged to a test coupon and heat
treated as in 3.4.1.3, specimens taken from the heat treated coupon shall
conform to the requirements of 3.4.1.3.1, 3.4.1.3.2, 3.4.1.3.3, and '
3.4.1.3.4. If specimens taken from the stock after heat treatment as in
3.4.1.3 conform to the requirements of 3.4.1.3.1, 3.4.1.3.2, 3.4.1.3.3, and
3.4.1.3.4, the tests shall be acceptable as equivalent to tests of a forged
coupon.

Stock for Flash Welded Rings: Specimens taken from the stock after heat
treatment as in 3.4.1.3 shall conform to the requirements of 3.4.1.3.1,
3.4.1.3.2, 3.4.1.3.3, and 3.4.1.3.4.
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3.5 Quality: .

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.

3.5.1 Steel shall be premium aircraft-quality conforming to AMS 2300 or MAM 2300.

3.5.2 Grain flow of die forgings, except in areas which contain flash-line end
grain, shall follow the general contour of the forgings showing no evidence
of re-entrant grain flow.

3.6 Tolerances:

Shall conform to all applicable requirements of the following:
3.6.1 Bars and Wire: AMS 2241 or MAM 2241.
3.6.2 Mechanical Tubing: AMS 2243 or MAM 2243.
4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibfility for Inspection:
The vendor of the qroduct shall supply all samples for vendor’s tests and
shall be responsible for performing all réquired tests. Purchaser reserves
the right| to sample and to perform any confirmatory testing deemedl necessary '
to ensure| that the product conforms to-the requirements of this
specification.

4.2 C(Classification of Tests:

4.2.1 Acceptance Tests: Tests for the following requirements are acceptance
tests apd shall be performed on each heat or Tot as applicable.

ition (3.1) (and frequency-severity cleanliness rating (8.5.1) of

4.2.1.1 Comgo !
eat.

eac
4,2.1.2 Macrostructure (3.4.1.1) of the product.

4.2.1.3 Decarpurization (3.4.1.2) of each lot of bars, wire, tubing, and flash
welded rings. r

4.2.1.4 Longitudinal tensile properties (3.4.1.3.1), grain size (3.4.1.3.3), and
ferrite content (3.4.1.3.4) of each lot of bars, wire, forgings, tubing,
and flash welded rings after hardening and double tempering.

4.2.1.5 Tolerances of bars and wire (3.6.1) and mechanical tubing (3.6.2).

4.2.2 Periodic Tests: Tests for hardness (3.4.1.3.2) of bars, wire, forgings,
tubing, and flash welded rings after heat treatment and grain flow of die
forgings (3.5.2) and tests of forging stock (3.4.2) and of stock for flash
welded rings (3.4.3) to demonstrate ability to develop required properties
are periodic tests and shall be performed at a frequency selected by the .
vendor unless frequency of testing is specified by purchaser.

-6 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=f1243f57ad45be9b49f6bdce7e5842fd

SAE AMSx%5b611D 93 MM 7943725 0508882 99T M

AMS 5611D SAE ANS 5611D

4ﬁ3 Sampling and Testing:
Shall be in accordance with the following:

4.3.1 Bars, Wire, Mechanical Tubing, Flash Welded Rings, and Stock for Forging or
Flash Welded Rings: AMS 2371.

4.3.1.1 Specimens for grain size of flash welded rings shall be cut from parent
metal not including the weld-heat-affected zone.

4.3.2 Forgings: AMS 2374.
4.4 Reports:

4.4.1 The yendor of bars, wire, forgings, mechanical tubing, and flash welded
rings shall furnish with each shipment a report showing(the results of
tests for chemical composition, macrostructure, and frequency-severity
cleanliness rating of each heat and the results of tests on each lot to
determine conformance to the other technical requirements. This report
shal] include the purchase order number, heat and lot number, AMS 5611D,
size| and quantity. If for$ings are supplied;<the part number and the size
and melt source of stock, if not the same as the forge shop, lused to make
the forgings, shall also be included.

4.4.2 The yendor of stock for forging or flash welded rings shall furnish with
each|shipment a report showing the results of tests for 'chemical
composition and frequency-severity.cleanliness rating of each heat. This
report shall include the purchase’order number, heat number, [AMS 5611D,
size| and quantity.

4.5 Resampling and Retesting:

Shall be in accordance with’ the following:

4.5.1 Bars) Wire, Mechanical Tubing, Flash Welded Rings, and Stock|for Forging or
Flash Welded Rings:  AMS 2371.

4.5.2 Forgings: AMS-2374.
5. PREPARATION_ FOR DELIVERY:
5.1 Sizes:

Except when exact lengths or multiples of exact lengths are ordered, straight
bars, wire, and tubing will be acceptable in mi1l1 lengths of 6 to 20 feet
(1.8 to 6.1 m) but not more than 10% of any shipment shall be supplied in
Tengths shorter than 10 feet (3 m). i
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