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3. TECHNICAL REQ
3.1 Composition

Shall conform to the p|
ASTM E 350, by spect

cation, Forgings

nical Tubing

15

w.astm.org.

Mechgnical Testing of Steel Products

hining the Inclusion Content of Steel

and Vickers Hardness of Materials

UJIREMENTS

ech Testing Steel Bars, Billets, Bloomsyand Forgings

TABLE 1 - COMPOSITION

Steel Cleanliness, Special Aircraft-Quality Magnetic Particle Inspection Procedure

Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel Wrought Products and Forging

Quality Assurance Sampling and Testing, Carbon and Low-Alloy Steel Forgings

Identification, Bars, Wire, Mechanical Tubing, and Extrusions, Carbon and Alloy Steels and Corrosion and

“Quality Steel Bars and

International, 100 Barr Harbor Drive, P.O. Box C700, West\.Conshoho¢ken, PA 19428-2959,

cal Analysis of Carbon Steel, Low-Alloy Steel; Silicon Electrical Steel, Ingot Iron, and Wrought Iron

brcentages by weight shown in Table 1, determined by wet chemical meth¢ds in accordance with
ochemical methods, or by other analytical methods acceptable to purchaser

Element min max

Carbon 0.93 1.05
Manganese 0.25 0.45

Silicon 0.15 0.35
Phosphorus - 0.015

Sulfur -- 0.015
Chromium 1.30 1.60

Nickel -- 0.15
Molybdenum -- 0.08

Copper - 0.15

Titanium -- 0.0030 (30 ppm)
Oxygen - 0.0015 (15 ppm)
Calcium -- 0.0010 (10 ppm)
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3.1.1  Check Analysis
Composition variations shall meet the applicable requirements of AMS2259.
3.2 Melting Practice

Steel shall be melted using ladle furnace melting and refining practice or other steel making practices acceptable to
purchaser.

3.3 Condition

The product shall be supplied in the following condition; hardness and tensile strength shall be determined in accordance
with ASTM A 370.

3.3.1 Bars
Bar shall not be cut from plate.
3.3.1.1  Bars 0.500 Inch (12.70 mm) and Under in Nominal Diameter or Least Distance Between Parallel Sides

Cold finished, with migrostructure of spheroidized cementite in a ferrite matrix, having tensile strength not higher than
120 ksi (827 MPa) or eguivalent hardness (See 8.2).

3.3.1.2 Bars Over 0/500 Inch (12.70 mm) in Nominal Diameter or Least Distance Between Parallgl Sides

Hot finished and annegled, unless otherwise ordered, with microstructure of spheroidized cementite in a ferrite matrix,
having hardness not higher than 207 HB, or equivalent (See 8.3). Bars ordered cold finished may have hardness as high
as 248 HB, or equivalent (See 8.3).
3.3.2 Forgings
As ordered.
3.3.3 Mechanical Tuping
Cold finished, unless ofherwise ordered, with microstructure of spheroidized cementite in a ferrite matrix, having hardness
no higher that 24 HRC|or equivalept{(See 8.3). Tubing ordered hot finished and annealed shall haye hardness not higher
than 95 HRB, or equivalent (See. 8)3).

3.3.4 Forging Stock

As ordered by the forging manufacturer.
3.4 Properties

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

3.4.1 Macrostructure

Visual examination of transverse full cross-sections from bars, billets, tube rounds, and forging stock, etched in hot
hydrochloric acid in accordance with ASTM E 381, shall show no pipe or cracks. Porosity, segregation, inclusions, and
other imperfections shall be no worse than the macrographs of ASTM E 381 ratings S1, R1, and C1 for plate 1 and
acceptable macrographs of plates 2 or 3 or as agreed upon by purchaser and vendor.
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3.4.2 Micro-Inclusion Rating

No specimen shall exceed the limits shown in Table 2, determined in accordance with ASTM E 45, Method D.

TABLE 2 - MICRO-INCLUSION RATING LIMITS

A A B B C C D D
Thin Heavy Thin  Heavy Thin Heavy  Thin Heavy
Worst Field Severity 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Worst Field Frequency,
Maximum a 1 a 1 a 1 5 3
Total Rateable Fig[ds,
Frequency, MaxinLum b 1 b 1 b 1 c 3

a - Combined A +
b - Combined A +
¢ - Any number of]

3.4.2.1 Thickness of
3.4.2.2 A rateable fi

accordance
3.4.3 Response to H

Specimens as in 4.3.3
and prevent either car
any point below any

20 minutes + 2, and qu

3.4.4 Decarburizatio

3441 Bars and tuh

polished sur

3442

Allowable dg¢carburization™of bars, billets, and tube rounds ordered for redrawing or

B + C, no more than 3 fields
B + C, not more than 8 fields
lower rateable D-type thin fields per specimen is permissible.

D-type heavy shall not exceed 0.0005 inch (12.7 ym).

vith the Jernkontoret chart, Plate I-r, ASTM E 45.
eat Treatment of Bars, Forgings, and Tubing

protected by suitable means or treated-in' a neutral atmosphere or neutral §
burization or decarburization, shall have substantially uniform hardness not
permissible decarburization after being heated to 1525 °F + 10 (829 °C
enched in commercial paraffin 0il (90 to 110 SUS at 100 °F (38 °C)) at room

L

ing ordered ground,_turned, or polished shall be free from decarburization or
aces. Decarburization on tubing ID shall not exceed the maximum depth spe

microstructu
purchaser a

3443

Decarburization of bars to which 3.4.4.1 or 3.4.4.2 is not applicable shall be not greater th

al requiremeénts other than spheroidized cementite in a ferrite matrix shall
d vendor.

eld is defined as one that has a type A, B, C, or Ddnclusion rating of at least 1.0 thin or heavy in

balt to minimize scaling
lower than 63 HRC at
t 6), held at heat for
temperature.

the ground, turned, or
cified in Table 3.

forging or to specified
be as agreed upon by

an shown in Table 3.

3444

Decarburization on the ID and OD of tubes to which 3.4.4.1 or 3.4.4.2 is not applicable shall be not greater than
that shown in Table 3.
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TABLE 3A - MAXIMUM DECARBURIZATION LIMITS, INCH/POUND UNITS
Total Depth of Total Depth of Total Depth of Total Depth of Total Depth of
Nominal Diameter Decarburization Decarburization Decarburization Decarburization Decarburization
or Distance Bars Bars Bars Tubes Tubes
Between Parallel Sides Hot Finished Annealed Cold Finished Annealed Cold Finished
Inches Inch Inch Inch Inch Inch
Up to 0.250, incl 0.005 0.015 0.003 0.012 0.010
Over 0.250 to 0.500, incl 0.006 0.015 0.004 0.012 0.010
Over 0.500 to 0.750, incl 0.008 0.015 0.006 0.012 0.010
Over 0.750 to 1.000, incl 0.010 0.015 0.008 0.012 0.010
Over 1.000 to 2.000, incl 0.017 0.022 0.015 0.020 0.014
Over 2.000 to 3866 inct 6625 5-636 6-625 6-636 0.019
Over 3.000 to 4.000, incl 0.035 0.045 0.035 0.035 0.024
Over 4.000 to §.000, incl 0.055 0.065 0.055 07040 0.028
TABLE 3B - MAXIMUM DECARBURIZATION LIMITS, SI UNHTS
Total Depth of Total Depth of  Total Depth oft, “Total Depthjof Total Depth of
Nominal Diamgter Decarburization Decarburization Decarburization Decarburizatjon Decarburization
or Distancs Bars Bars Bars Tubes Tubes
Between Parallel Sides Hot Finished Annealed Cold kinished Annealed Cold Finished
Millimetersg Millimeter Millimeter Millimeter Millimeter Millimeter
Up to 6.35, incl 0.13 0.38 0.08 0.30 0.25
Over 6.35 to 12.70, incl 0.15 0.38 0.10 0.30 0.25
Over 12.70 to 19.05, incl 0.20 0.38 0.15 0.30 0.25
Over 19.05 to 25.40, incl 0.25 0.38 0.20 0.30 0.25
Over 25.40 to 50.80, incl 0.43 0.56 0.38 0.51 0.36
Over 50.80 to 76.20, incl 0.64 0.76 0.64 0.76 0.48
Over 76.20 to 101.60, incl 0.89 1.14 0.89 0.89 0.61
Over101.60 to 127.00, incl 1.40 1.65 1.40 1.02 0.71

3.4.4.5 Decarburizalion shall be measured\by the metallographic method, by the HR30N scale
or by a travefse method using microhardness testing in accordance with ASTM E 384. T
shall be comducted on a hardened but untempered specimen protected during hea
changes in surface carbon ¢ontent. Depth of decarburization, when measured by a hardr
as the perpgndicular distance from the surface to the depth under that surface below w|
increase in |hardness. ‘Such measurements shall be far enough away from any a
uninfluenced by any-decarburization on the adjacent surface. In case of dispute, the ds
determined ysing.the microhardness traverse method shall govern.

3.4.451 When det ;
decarburization of such areas does not exceed the above limits by more than 0.005 i

width is 0.065 inch (1.65 mm) or less.

3.5 Quality

hardness test method,
he hardness method(s)

treatment to prevent
ess method, is defined
hich there is no further
djacent surface to be
ppth of decarburization

al areas provided the
nch (0.13 mm) and the

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 special aircraft-quality conforming to AMS2304.

3.5.2 Bars and mechanical tubing ordered hot rolled or cold drawn, 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.
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3.5.3 Grain flow of die forgings, except in areas that contain flash-line end grain, shall follow the general contour of the
forgings showing no evidence of reentrant grain flow.

3.6 Tolerances

3.6.1 Bars

In accordance with AMS2251.

3.6.2

Mechanical Tubing

In accordance with AMS2253.

4. QUALITY ASSUR/

4.1 Responsibility fo

The vendor of the product shall supply all samples for vendor's tests and shall be responfsible for

required tests. Purchal
ensure that the produc

4.2 Classification of

4.2.1 Acceptance Tg

Composition (3.1), co
(3.4.3), decarburizatiorn
shall be performed on

4.2.2 Periodic Tests

Grain flow of die forgir
frequency of testing is

4.3 Sampling and Tqg

4.3.1 Bars, Mechani
In accordance with AM

4.3.2 Forgings

ANCEPROVASTONS

" Inspection

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

[ests

sts

hdition (3.3), macrostructure (3.4.1), micre=inclusion rating (3.4.2), respo

(3.4.4),frequency-severity cleanliness rating (3.5.1), and tolerances (3.6) ar
bach heat or lot as applicable.

gs (3.5.3) is a periodic test\and shall be performed at a frequency selecte
specified by purchaser.

sting
cal Tubing, and\Forging Stock

52370.

the performance of all
deemed necessary to

hse to heat treatment
b acceptance tests and

i by the vendor unless

In accordance with AM

S2372.

sponse to heat treatment (See 3.4.3) shall be as follows:

Specimens from bars shall be full cross-sections of the bar, except length and width need not exceed

1.5 inches (38 mm) respectively, ground on both faces normal to the axis so that length is 0.50 inch + 0.010

4.3.3 Samples forre
4.3.3.1

(12.7 mm £ 0.25).
4332

Specimens from mechanical tubing shall be full cross-sections of the tubing, shall have wall thickness not over

0.625 inch (15.88 mm) with wall thicknesses over 0.625 inch (15.88 mm) being turned to 0.625 inch + 0.010
(15.88 mm % 0.25), and shall be ground on both faces so that length is 0.50 inch + 0.010 (12.7 mm % 0.25).
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