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1. SCOPE:

1.1

Form:

1.2 Application:

2. APPLICABLEL

The following p
issue of Aerosp
be as specified

21

211

2.2 ASTM Publications:

This specification covers a low-alloy steel in the form of investment castings.

Primarily for parts of intricate design requiring tensile strengths up to 200,000 psi (1380 MPa) after

hardening ang-empering-heatireatment

SAE Publicati
Available from

Aerospace |

AMS 2350 -
AMS 2360 -
AMS 2369 -
AMS 2635 -
AMS 2640 -
AMS 2645 -
AMS 2694 -
AMS 2804 -

Available from

OCUMENTS:

iblications form a part of this specification to the extent specified here
ace Material Specifications shall apply. The applicable, issue of other
n AMS 2350.

bNns:
SAE, 400 Commonwealth Drive, Warrendale, PA 15096.

aterial Specifications:

Standards and Test Methods

Room Temperature Tensile Properties of Castings
Quality Assurance Sampling-of Carbon and Low-Alloy Steel Casting:
Radiographic Inspection

Magnetic Particle Inspection
Fluorescent Penetrant Inspection
Repair Welding-of Aerospace Castings
Identification; Castings

American Society for Testing and Materials, 1916 Race Street, Phila(

n. The latest
Hocuments shall

o

jelphia, PA

19103.

ASTM A370 -

Mechanical Testing of Steel Products

ASTM E192 - Reference Radiographs of Investment Steel Castings for Aerospace Applications
ASTM E350 - Chemical Analysis of Carbon Steel, Low-Alloy Steel, Silicon, Electrical Steel, Ingot

Iron, and Wrought Iron
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2.3 U.S. Government Publications:

Available from Commanding Officer, Naval Publications and Forms Center, 5801 Tabor Avenue,

Philadelphia, PA 19120.

2.3.1 Military Specifications:

MIL-H-6875 - Heat Treatment of Steel, Process for

2.3.2 Military Standards:

MIL-STD-79¢="Parts—andEquipment, Procedures for Packagimgand Packimgof

proved by

3. TECHNICAL REQUIREMENTS:
3.1 Composition:
Shall conform|to the following percentages by weight, determined. by wet chemical methods in
accordance with ASTM E350 or by spectrochemical or other analytical methods apy
purchaser:
min  max
Carbon 0.38 0.46
Manganese’ 0.60 1.00
Silicon 0.50 1.00
Phosphorus -- 0.025
Sulfur - 0.025
Chromium 065 1.00
Nickel 165 2.00
Molybdenum 0.30 0.45
Copper -- 0.35
3.2 Condition:
Annealed.
3.3 Casting:

Castings shall be poured either from remelted metal from a master heat or directly from a master

heat. In either case, metal for casting shall be qualified as in 3.4.
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3.3.1 A master heat is refined metal of a single furnace charge or is metal blended as in 3.3.2. Gates,
sprues, risers, and rejected castings shall be used only in preparation of master heats; they shall
not be remelted directly, without refining, for pouring of castings.

3.3.2 Metal from two or more master heats may be blended provided that the composition of each
master heat to be blended is within the limits of 3.1, and that the total weight of metal blended does
not exceed 15,000 Ib (6800 kg). When two or more master heats are blended, the resultant blend
shall be considered a master heat.

3.4 Master Heat Qualification:

Each master peat shall be qualified by evaluation of chemical analysis and tensjle’specimens
conforming to|3.4.1 and 3.4.2, respectively. A master heat may be considered ‘¢onditionally qualified
if vendor's test results show conformance to all applicable technical requirefents of this
specification. |However, except when purchaser waives confirmatory testing, final qualification shall
be based on purchaser's test results. Conditional qualification of a master heat shajl not be
construed as g guarantee of acceptance of castings poured therefram:

3.4.1 Chemical Analysis Specimens: Shall be of any convenient size; shape, and form.

3.4.2 Tensile Spe¢imens: Shall be cast from remelted metal from each master heat excépt when
castings arg poured directly from a master heat, specimens shall also be poured directly from the
master heatf Specimens shall be of standard proportions in accordance with ASTIM A370 with
0.250 in. (6.5 mm) diameter at the reduced parallel gage section. They shall be cast to size or
shall be cas} oversize and subsequently machined to 0.250 in. (6.25 mm) diametgr. Center gating
may be useql.

3.5 Heat Treatment:

Castings and separately-cast tensile specimens shall be annealed by heating to 1550°F 25
(845°C % 15) ih an atmospheré neutral to the specified carbon range, holding at heat|for not less than
1 hr, and cool|ng as required. - Furnace surveys and calibration of temperature controllers and
recorders shal be in accerdance with MIL-H-6875 or with a survey and calibration grogram certified
by the vendor|as meeting the intent of MIL-H-6875.

3.6 Properties:

Castings and separately-cast tensile specimens produced in accordance with 3.4.2 shall conform to
the following requirements; hardness and tensile testing shall be performed in accordance with
ASTM A370:

3.6.1 Castings As Annealed:

3.6.1.1 Hardness: Not higher than 30 HRC, or equivalent.
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3.6.1.2 Carburization or Decarburization: The carbon content shall be within the limits of 3.1 throughout
the casting except that within 0.003 in. (0.08 mm) of the surface the carbon content may be lower
than specified in 3.1 provided all other specified properties are met.

3.6.2 After Hardening and Tempering: Castings and separately-cast tensile specimens produced in
accordance with 3.4.2 shall conform to the requirements of 3.6.2.1 and 3.6.2.2 after being
hardened by heating, in an atmosphere neutral to the carbon content, to 1500°F + 25 (815°C + 15),
holding at heat for not less than 30 min., and quenching in oil, and double tempered by heating to a
temperature not lower than 800°F (425°C), holding at heat for 2 hr £ 0.25, and cooling in air,
reheating to a temperature not lower than 800°F (425°C), holding at heat for 2 hr £ 0.25, and
cooling in air

3.6.2.1 Separately-Cast Specimens:

3.6.2.1.1 Tensile Properties:

Tensile $trength, min 200,000 psi (1380 MPa)
Yield Strength at 0.2%, offset, min 180,000 psi (1240 MPa)
Elongatipn in 4D, min 5%

3.6.2.2 Castings:

3.6.2.2.1 Hardnegs: 44 - 49 HRC, or equivalent.

3.6.2.2.2 Tensile Properties: When specified on the.drawing or when agreed upon by pdrchaser and
vendor, fensile specimens conforming ta ASTM A370 shall be machined from gastings selected

from each lot. Size, location, and number of such specimens and rnequired

i¢s shall be as shown onthe drawing or as agreed upon by purchaser gnd vendor and
may be flefined as specified in-AMS 2360.

3.7 Quality:

3.7.1 Castings, ag received by purchaser, shall be uniform in quality and condition, sour|d, and free from
foreign matgrials and from imperfections detrimental to usage of the castings.

3.7.1.1 Castings ghalthave smooth surfaces and shall be well cleaned.

3.7.2 Castings shall be produced under radiographic control. This control shall consist of radiographic
examination of castings in accordance with AMS 2635 until proper foundry technique, which will
produce castings free from harmful internal imperfections, is established for each part number and
of production castings as necessary to ensure maintenance of satisfactory quality.

3.7.3 When specified, castings shall be subjected to magnetic particle inspection in accordance with
AMS 2640, to fluorescent penetrant inspection in accordance with AMS 2645, or to both.
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3.7.4 Radiographic, magnetic particle, fluorescent penetrant, and other quality standards shall be as
agreed upon by purchaser and vendor. ASTM E192 may be used to define radiographic
acceptance standards.

3.7.5

without written permission from purchaser.

3.7.5.1

repaired by welding in accordance with AMS 2694,

4. QUALITY ASSL

4.1 Responsibility
The vendor of
performing all
4.5. Purchas{
necessary to

4.2 Classification
421 Acceptance
requirement
each maste
4211 Tensile pr
purchaser
separately
from casti

4.2.2 Preproducti
specificatior
first-article

J_R_A_N_GE PEREOMVISIONS:
ooy rororres

br reserves the right to sample and to perform any confirmatory testing
pnsure that the castings conform to the requirements of this specificat|

of Tests:

s of this specification are classified as\acceptance tests and shall be

-cast specimens need ot be determined when tensile properties of s
ngs are determined.

bn Tests: Tests to determine conformance to all technical requirements

are classifiedas preproduction tests and shall be performed prior to
hipment of @-casting to a purchaser, when a change in material, procs
pprovahas’/in 4.4.2, and when purchaser deems confirmatory testing |

for Inspection:

castings shall supply all samples for vendor's tests and shall-be respf

Castings shall not be repaired by peening, plugging, welding, impregnating, or other methods

When permitted in writing by purchaser, defects in castings may be removed and the castings

bnsible for

required tests. Results of such tests shall be reported to‘the purchasegr as required by

Tests: Except as specified in 4.2.1.1, tests-to determine conformance

heat or lot as applicable.

or when separately-cast specimens are not available. Tensile proper]

deemed
on.

to all technical
erformed on

bperties of specimens cut from‘castings shall be determined only when specified by

ies of
becimens cut

5 of this

pr on the
ssing, or both
b be required.

d, preproduction

contracting officer, or request for procurement.

requires re
4221 Fordirect
test mater
4.3 Sampling:

Shall be in accordance with AMS 2369.

Liring activity,
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4.4 Approval:

441 Sample castings from new or reworked master patterns and the casting procedure shall be
approved by purchaser before castings for production use are supplied, unless such approval be

waived by p

urchaser.

4.4.2 \Vendor shall establish separately for tensile specimens used for master heat qualification and for
production of sample castings of each part number parameters for the process control factors
which will produce tensile specimens meeting master heat qualification requirements and
acceptable castings; these shall constitute the approved casting procedures and shall be used for

producing s

to make any
reapproval
specimens,
shall not be

4421 Control fa
following:

Type of fu
Type and
Time molt

Furnace atmosphere

Fluxing or

Number of
Mold refractory formulation

Mold bacK
Gating prg

a statement of the proposed changes in processing and, when reques

change in the parameters for process control factors, vendor shall sy

sample castings, or both. Production castings incorporating the-revis
shipped prior to receipt of reapproval.

ctors for producing tensile specimens and castings include, but are no
‘nace and its capacity
Size of furnace charge

en metal is in furnace

deoxidation procedure
ladles used in pour

-up material
ctices

Mold preh

limits arg

Solidificati
Heat treat
Cleaning
Methods @

44211 Anyoft

the vendermay-be-assigned-acode-de

eating and metal pouring temperatures; variations of £25°F (£15°C) fr
permissible
on and cooling procedures
ent procedures
pperations
f inspection

iheaorru lent-master haat ~u |¢:||F|ﬁahr\n enaﬁlmnne -:nrl nroch |ﬁ+|nn rN:n:-'hn
Hbsequent terheat-gualific spes and-produs ¥gs. If necessary

bmit for
ed, test
bd operations

t limited to, the

bm established

proprietary by

e-gbove process control factors for WhICh parameters are considered

assigned a modlfled code designation.


https://saenorm.com/api/?name=fc729cc11cc9af7bd18e63f11bc7fccd



