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AMS2253 Tolerances, Carbon and Alloy Steel Tubing

AMS2300 Steel Cleanliness, Premium Aircraft-Quality, Magnetic Particle Inspection Procedure

AMS2370 Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel Wrought Products and Forging
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TABLE 1 - COMPOSITION

3.1.1 Prior to pourirjg, up to 0.05% calcium shall be added to the melt but analysiscfor this

performed.

3.1.2 Check Analysi$

Composition variations

3.2 Melting Practice

Steel shall be produged by multiple melting using vacuum inddetion process (VIM) in the in

consumable electrode |
3.3 Condition

3.3.1 Bars

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

Element min max
Carbon -- 0.03
Manganese -- 0.10
Silicon -- 0.10
Phosphorus -- 0.010
Sulfur -- 0.010
Nickel 18.00 20.00
Molybdenum 2.75 3.25
Titanium 1.30 1.45
Aluminum 0.05 0.15
Chromium -- 0.50
Cobalt -- 0.50
Copper -- 0.50

shall meet the applicable requirements of AMS2248,

emelt practice (VAR) in the final melt.

3.3.2  Forgings, Mechanical Tubing, and’Flash Welded Rings

Annealed and descaled.

3.3.2.1 Flash weldef rings shall not be supplied unless specified or permitted on purchaser

supplied, rings shall be manufactured in accordance with AMS7496.

3.3.3 Stock for Forgingsor Flash Welded Rings

element need not be

tial melt and vacuum

s part drawing. When

As ordered by the forging or flash welded ring manufacturer.

3.4 Heat Treatment

Bars, forgings, mechanical tubing, and flash-welded rings shall be annealed by heating to a temperature within the range
1500 to 1700 °F (816 to 927 °C), holding at the selected temperature within +25 °F (14 °C) for 1 to 2 hours, and cooling to
room temperature in air or other atmosphere at a rate equivalent to an air cool. Pyrometry shall be in accordance with

AMS2750.

3.5 Properties

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

with ASTM A 370:

351
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3.5.2 Macrostructure

Visual examination of transverse full cross-sections from bars, billets, tube rounds, and stock for forging or flash welded
rings, etched in hot hydrochloric acid in accordance with ASTM A 604, shall show no pipe or cracks. Porosity, segregation,
inclusions, and other imperfections shall be no worse than the macrographs of ASTM A 604 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

3.5.3 Micro-Inclusion Rating of each heat
No specimen shall excged the limits shown in Table 3, determined in accordance with ASTM E 45, Method D.

TABLE 3 - MICRO-INCLUSION RATING

Type A B C D E
Thin 15 15 15 2.0 30
Heavwy 1.0 1.0 1.0 15,15

3.5.3.1 Type E is titgnium nitrides and shall be rated in the same manner as Type B.
3.5.4 Bars, Wire, Fofgings, Tubing, and Flash Welded Rings

3.5.4.1 Annealed Cgndition

3.54.11 Hardness

Bars over 0.500 inch (L2.70 mm) in nominal diameter or least distance between parallel sides, forgings, tubing, and flash
welded rings shall havg hardness not higherthan 321 HB, or equivalent (See 8.2).

3.5.4.1.2 Tensile Stgength

Bars 0.500 inch (12.70 mm) aneé.dnder in nominal diameter or least distance between parallel sides shall have tensile
strength not higher thap 160 ksix(4105 MPa) or equivalent hardness (See 8.3).

3.54.1.3 Average Grain\Size

Shall be as follows, determined in accordance with ASTM E 112.

3.5.4.1.3.1  Product Under 2.50 Inches (62.5 mm) in Nominal Section Thickness

ASTM No. 6 or finer.

3.5.4.1.3.2  Product 2.50 to 10.00 Inches (62.5 to 250.0 mm), Inclusive, in Nominal Section Thickness
ASTM No. 4 or finer.

3.5.4.2 After Maraging Heat Treatment

The product shall have the properties shown in Table 4 after being maraged by heating to 900 °F + 10 (482 °C * 6),
holding at heat for 4 to 6 hours, and cooling to room temperature:
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3.5.4.2.1 Tensile Properties

Shall be as shown in Table 4 and 3.5.3.2.1.1.

3.5.4.2.1.1 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 considered to be in the transverse direction.

3.5.4.2.1.2 Transverse requirements apply only to product from which tensile specimens not less than 2.50 inches
(62.5 mm) in length can be taken.

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

TABLE 4A - MINIMUM TENSILE PROPERTIES, INCH/POUND UNITS

Nominal Tensile  Yield Strength  Elongatioh Rpduction
Section Thickness Specimen  Strength at 0.2% Offset im4D Df Area
Inches Orientation Ksi Ksi % %
Up to| 4.000, excl Longitudinal 255 250 6 45
Transverse 255 250 4 35
4.000 to 10.000, incl Longitudinal 245 240 5 30
Transverse 245 240 3 20

TABLE 4B - MINIMUM TENSILE RROPERTIES, SI UNITS

Nominal Tensile  Yield Strength  Elongation  Heduction
Section Thickness Specimen  Strength at 0.2% Offset in 4D of Area
Millimeters Orientation MPa MPa % %
Up to [L01.60, excl Longitudinal 1760 1725 6 45
Transverse 1760 1725 4 35
101.60 to P54.00, incl Longitudinal 1690 1655 5 30
Trransverse 1690 1655 3 20

3.5.4.2.2 Hardness

Shall be not lower than 48 HRE}.or equivalent (See 8.2), but the product shall not be rejected on the basis of hardness if
the tensile property refluirements are acceptable, determined on specimens taken from the sanje sample as that with
nonconforming hardnegs orffom another sample with similar nonconforming hardness.

3.5.4.2.3  Fracture Toughness

When specified, the product shall be subjected to fracture toughness testing. Method of test and standards for acceptance
shall be as agreed upon by purchaser and vendor. ASTM E 399 is a suggested method of test.

3.5.5 Forging Stock

When a sample of stock is forged to a test coupon and heat treated as in 3.4 and 3.5.3.2, specimens taken from the heat
treated coupon shall conform to the requirements of 3.5.3.2.1 and 3.5.3.2.2 and, when specified, 3.5.3.2.3. If specimens
taken from the stock after heat treatment as in 3.4 and 3.5.3.2 conform to the requirements of 3.5.3.2.1 and 3.5.3.2.2, and,
when specified, 3.5.3.2.3, the tests shall be accepted as equivalent to tests of a forged coupon.

3.5.6  Stock for Flash Welded Rings

A sample of stock heat treated as in 3.4 and 3.5.3.2 shall conform to the requirements of 3.5.3.2.1, 3.5.3.2.2, and, when
specified, 3.5.3.2.3.
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3.6 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.

Steel shall be premium aircraft-quality conforming to AMS2300.

Bars and tubing ordered hot rolled or cold drawn, or ground, turned, or polished, shall, after removal of the

standard stock removal allowance in accordance with AS1182, be free from seams, laps, tears, and cracks open
to the ground, turned, or polished surface.

forging, showing no evidence of reentrant flow.

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

3.6.1

3.6.2

3.6.3

3.7 Tolerances
3.7.1 Bars

In accordance with AMS2251.

3.7.2
In accordance with AM
4. QUALITY ASSURA

4.1 Responsibility fo

The vendor of the progluct shall supply all samples for vendor’s tests and shall be responsible for

required tests. Purcha
ensure that the produc
4.2 Classification of
4.2.1 Acceptance Tq

Tests for the following

Mechanical Tuping

2253.

ANCE PROVISIONS

Inspection

ser reserves the right to sample'and to perform any confirmatory testing
conforms to specified requirements.

lests

sts

equirements are acceptance tests and shall be performed on each heat or Ig

(3.1), macrostructure (3.5.1), micro-inclusion rating (3.5.2), and frequen
of each\heat.

the performance of all
deemed necessary to

t as applicable:

Cy-severity cleanliness

5:311.1) or tensile properties (3.5.3.1.2), as applicable, of each lot of barg

, forgings, tubing, and

rings as annealed.

rings after maraging heat treatment.

4.2.1.1 Composition
rating (3.6.1

4.2.1.2 Hardness (3
flash welded

4.2.1.3

4.2.1.4

4.2.1.5

4.2.1.6 When specif

4.2.2 Periodic Tests

Tolerances of bars (3.7.1) and mechanical tubing (3.7.2).

ied, fracture toughness (3.5.3.2.3) of the product.

Average grain size (3.5.3.1.3) of each lot of bars, forgings, tubing, and flash welded rings as annealed.

Tensile properties (3.5.3.2.1) and hardness (3.5.3.2.2) of each lot of bars, forgings, tubing, and flash welded

Tests for grain flow of die forgings (3.6.3) and ability of forging stock (3.5.4) and of stock for flash welded rings (3.5.5) 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.
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