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2.2

2.3

ASTM Publications:

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

ASTM E 8
ASTM E 8M
ASTM E 18
ASTM E 21
ASTM E 354

Tension Testing of Metallic Materials

Tension Testing of Metallic Materials (Metric)

Rockwell Hardness and Rockwell Superficial Hardness of Metallic M
Elevated Temperature Tension Tests of Metallic Materials

aterials

her Similar Iron,

U.S. Governr

Available fron
Philadelphia,

MIL-STD-453
MIL-STD-207

MIL-STD-217
MIL-STD-686

3. TECHNICAL R

3.1

Composition:

Castings sha
methods in a
methods accy

Chemical Annlycie of High-Tpmpprnfllrn1 Electrical l\llagnnfir" and QO

Nickel, and Cobalt Alloys
hent Publications:

N DODSSP, Subscription Services Desk, Building 4D, 700yRobbins A
PA 19111-5094.

Inspection, Radiographic

3-1 DOD Materiel, Procedures for Development and Application of P
Requirements

5  Castings, Classification and Inspection of

6  Inspection, Liquid Penetrant

FQUIREMENTS:

| conform to the percentages by weight shown in Table 1, determined
ccordance with ASTM E 354, by spectrochemical methods, or by othe
bptable to purchaser (See 8.2.1 and 8.2.2).

TABLE 1 - Composition

enue,

ackaging

by wet chemical
[ analytical

Element min max

Carbon - - 0.10
?v'iallgancat: == 100

Silicon - - 1.00
Phosphorus - - 0.04

Sulfur - - 0.03

Chromium 20.50 23.00

Cobalt 0.50 2.50
Molybdenum 8.00 10.00

Tungsten 0.20 1.00

Iron 17.00 20.00

Boron - - 0.010 (100 ppm)
Selenium - - 0.0050 (50 ppm)
Other Elements (3.1.1) - - - -

Nickel remainder
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3.1.1 Vendor may test for any element not otherwise listed in Table 1 and include this analysis in the
report of 4.5. Limits of acceptability may be specified by purchaser (See 8.2.3).

3.1.2 Check Analysis: Composition variations shall meet the requirements of AMS 2268.
3.2 Melt Practice:

Castings and specimens shall be poured at the castings vendor’s facility either from a melt (See
8.2.4) of a masterheat or rlirnr"rly from a master heat (an 82 '-'\)

3.2.1 Revert (gatgs, sprues, risers, and rejected castings) may be used only in the(preparation of master
heats; reveft shall not be remelted directly without refining for pouring of ¢astings

3.2.2 Portions of fwo or more qualified master heats (See 3.4.2) may be melfed togethef and poured into
castings us|ng a procedure authorized by purchaser (See 8.2.6).

3.2.3 If modificatipns, such as alloy additions or replenishments, are‘made by the vendpr at remelt,

vendor shall have a written procedure acceptable to purchaser which defines the ¢ontrols, test and
traceability triteria for both castings and separately-cast.specimens. Control factofs of 4.4.2.2 shall

apply.

3.3 Condition:
As cast.

3.4 Test Specimgns:

Specimens shall either separately=cast, integrally-cast (See 8.2.7), or machined from casting and
shall conform|to 3.2.

3.4.1 If specimenfs are sepatately-cast, vendor shall have a written procedure acceptalle to purchaser.
Control factors of 4.4.2.2 shall apply.

3.4.2 Each mastgr heat shall be qualified by evaluation of chemical and tensile specimgns.

3.4.2.1 If alloy additions or replenishments are made at remelt as in 3.2.3, the frequency of sampling and
testing used by the vendor for qualification shall be acceptable to purchaser.

3.4.2.2 Tensile tests of 3.4.2 are not required if these tests are conducted using integrally-cast
specimens (4.3.3.2) or specimens machined from casting (4.3.3.3).

3.4.3 Chemical Analysis Specimens: Shall be of any convenient size and shape.

3.4.4 Tensile Specimens: Shall be of standard proportions in accordance with publications referenced
in 3.6.
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3.4.4.1
subseque

3.4.4.2

ntly machined to 0.250 inch (6.35 mm) diameter.

Separately-cast and integrally-cast specimens may be either cast to size or cast oversize and

When integrally-cast specimens or specimens machined from castings are specified, specimen

size and location shall be agreed upon by purchaser and vendor (See 8.2.8 and 8.5).

3.5 Heat Treatment:

Required only

for Im:\rindir‘ hardness tests (’2 63 ’))

3.6 Properties:

Conformance
integrally-cas
specimens at

3.6.1 Room Tem
with ASTM
specified in

3.6.1.1 Separatel

3.6.2 Elevated T¢
determined
held at heat

shall be based upon testing of separately-cast specimens uhiless pur
[ specimens or specimens machined from casting. Properties for integ
d specimens machined from casting shall be as specified by purchas

perature Tensile Properties: Shall be as specifiedin’ 3.6.1.1, determine
E 8 or ASTM E 8M (See 8.3). Properties othef:ithan those listed may
AMS 2360.

y-Cast Specimens: Shall be as shown.irrTable 2.

TABLE 2 - Room Temperature Minimum Tensile Properties

Value

55.0 ksi (379 MPa)
35.0 ksi (241 MPa)
8%

Property

Tensile Strength
Yield Strength at 0.2% Offset
Elongation in 4D

mperatufe, Tensile Properties at 1500 °F (816 °C): Shall be as specifi
in accerdance with ASTM E 21 on specimens heated to 1500 °F + 10
forn20to0 30 minutes before testing, and tested at 1500 °F + 10 (816 °(

0.03 to 0.07%

inch per inch per minute (0.03 to 0.07 mm/mm per minute). Propertig

those listed

3.6.2.1 Separatel

may be defined as specified in AMS 2361.

y-Cast Specimens: Shall be as shown in Table 3.

TABLE 3 - Elevated Temperature Minimum Tensile Properties

Property Value

Tensile Strength  35.0 ksi (241 MPa)
Elongationin 4D 12%

Chaser specifies

rally-cast

or (See 8.5).

bd in accordance

e defined as

ed in 3.6.2.1.
(816 °C * 6),

C + 6) at a rate of
s other than
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3.6.3 Hardness: Shall be as follows, determined in accordance with ASTM E 18.

3.6.3.1 Castings or representative specimens in the as-cast shall be not higher than 96 HRB.

3.6.3.2 Casting hardness shall be not higher than 24 HRC after being heated to 1475 °F + 10 (802 °C £6),

held at he

3.7 Quality:

at for 50 hours £ 1, and cooled to room temperature.

Castings, as
foreign mater

3.7.1 Unless othg
3.7.1.1 Castings

3.7.1.2 Castings
obscure d

3.7.2 Castings sh

examination of each casting part number until foundry manufacturing controls, in

4.4.2, have
frequency d
of internal @

3.7.2.1 Radiogra
specified

3.7.3 When spec

3.7.3.1 Fluorescg

purchasel.

3.7.4 Acceptanceg

als and from imperfections detrimental to usage of the castings.
rwise specified by purchaser, the following shall apply:
chall be free of cracks, laps, hot tears, and cold shuts.

Shall be free of scale and other process-induced surface contaminatio
efects.

all be produced under radiographic control? This control shall consist
been established. Additional radiography shall be conducted in accor
f inspection specified by purchaser or as necessary to ensure continu

uality.

phic inspection shall be conducted in accordance with MIL-STD-453 o
by purchaser.

fied, additional mgndestructive testing shall be performed as follows:

nt penetrafit-ihspection in accordance with MIL-STD-6866 or other me

standards for radiographic, fluorescent penetrant, visual, and other ir

methods s

eceived by purchaser, shall be uniform in quality and condition, sountli, and free from

h which would

pf radiographic
Aaccordance with
jance with the
ed maintenance

I other method

thod specified by

spection

all-he as agrnnd upon h\]/ plll’r‘hQin" and-vendor (an g2 Q) MIL-ST

-2175 may be

used to specify acceptance standards (casting grade) and frequency of inspection (casting class).

3.7.4.1 When acceptance standards are not specified, Grade C of MIL-STD-2175 shall apply.

3.7.5 Castings shall not be peened, plugged, impregnated, or welded unless authorized by purchaser.

3.7.5.1 When authorized by purchaser, welding in accordance with AMS 2694 or other welding program

acceptabl

e to purchaser may be used.
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4. QUALITY ASSURANCE PROVISIONS:
4.1 Responsibility for Inspection:

The vendor of castings shall supply all samples for vendor’s tests and shall be responsible for
performing all required tests. Purchaser reserves the right to sample and to perform any confirmatory
testing deemed necessary to ensure that the castings conform to the requirements of this
specification.

4.2 Classification| of Tests:

4.2.1 Acceptancqg Tests: Composition (3.1), elevated temperature tensile properies (3.p.2), hardness
(3.6.3.1), and quality (3.7) are acceptance tests and shall be performed-as specifijed in 4.3.

4.2.2 Periodic Tepts: Room temperature tensile properties (3.6.1), hardness of castingg after heat
treatment (3.6.3.2), and radiographic soundness (3.7.2) are petiodic tests and shall be performed
at a frequency selected by vendor unless frequency is specified by purchaser.

4.2.3 Preproduction Tests: All technical requirements are preproduction tests and shall|be performed on

sample caslings (4.3.2), when a change in control factors occurs (4.4.2.2), and when purchaser
deems confirmatory testing to be required.

4.3 Sampling and Testing:
The minimun testing performed by vendor-shall be in accordance with the following:

4.3.1 One chemigal analysis specimen or a casting from each master heat shall be tested for
conformande with Table 1, unless'3.4.2.1 applies, in which case test frequency shpll be acceptable
to purchassr.

4.3.2 One preprofuction casting in accordance with 4.4 shall be tested to the requiremehts of the casting
drawing and to all technical requirements.

4.3.2.1 Dimensiopal inspection sample quantity shall be as specified by purchaser.

4.3.3 Tensile tests shall be conducted to determine conformance with 3.6.1 and 3.6.2. Sampling and test
frequency is dependent upon the type and origin of the specimen specified by purchaser (See 3.6)
or selected by vendor (See 4.3.3.4). When 3.4.2.1 applies, test frequency shall be acceptable to
purchaser.

4.3.3.1 For separately-cast specimens in the as-cast condition, one specimen from each master heat
shall be tested to 3.6.2.

4.3.3.2 Integrally-cast specimens in the as-cast condition, two specimens shall be randomly selected
from each lot and tested to 3.6.2.
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4.3.3.3 For specimens machined from casting, one casting shall be randomly selected from each lot and
tested in the as-cast condition at each location shown on the engineering drawing for
conformance with 3.6.2.

4.3.3.3.1 When size and location of specimens are not shown, two specimens shall be tested, one from
the thickest section and one from the thinnest section. Once established under 4.4.2.2; test
locations may be changed only as agreed upon by purchaser and vendor.

4.3.3.4 When acceptable_m_pumhasegspeckueu&machiuei&mn_casung_may_hauseiin lieu of both
separately-cast and integrally-cast specimens, and integrally-cast specimens . may be used in lieu

of separately-cast specimens. In each case, the resultant properties shall Canfoym to the
requiremegnts of 3.6 or to alternative requirements specified by purchaser{See 8.5).

4.3.3.4.1 When specimens are selected for tests as in 4.3.3.4 from an origin-other thanthat specified by
purchager, vendor shall include in the report of 4.5 a description-of the origin ¢f the specimen
that was tested.

4.3.3.5 When cagting size, section thickness, gating method, or.ether factors do not permit conformance
to 4.3.3.2|or 4.3.3.3, sampling and testing shall be agfeed upon by purchaser ahd vendor.

4.3.4 Castings shall be inspected in accordance with 3.7 to the methods, frequency, and acceptance
standards gpecified by purchaser.

4.3.5 One casting or representative specimen from each master heat shall be tested fof hardness to
determine qonformance with 3.6.3.1.

4.4 Approval:
4.4.1 Sample cagting(s) from new orreworked master patterns produced under the casfing procedure of

4.4.2 shall be approved_ by. purchaser before castings for production use are supglied, unless
approval bg waived by purchaser.

4.4.2 For each cgsting part number, vendor shall establish parameters for process confrol factors that
will consiste ntIy produce castlngs and test specimens meetlng the requwements df the casting
drawing and =
and shall be used for productlon of subsequent castlngs and test speC|mens If necessary to make
any change to these parameters, vendor shall submit a statement of the proposed changes for
purchaser reapproval. When requested, vendor shall also submit test specimens, sample castings,
or both to purchaser for reapproval.

4.4.2.1 Production castings produced prior to receipt of purchaser’s approval shall be at vendor’s risk.
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4.4.2.2 Control factors for producing castings and separately-cast test specimens include, but are not
limited to, the factors shown below. Supplier’'s procedures shall identify tolerances, ranges, and/
or control limits, as applicable. Control factors for separately-cast specimens must generally
represent, but need not be identical to, those factors used for castings (See 3.2.3).

4.4.2.2.1 Any of the control factors for which parameters are considered proprietary by v¢

4.4.2.2.1.1 Unlesp otherwise agreedupon by purchaser and vendor, purchaser shall be
propriptary control factor-details and coding at vendor’s facility.

Composition of ceramic cores, if used

Arrangement and number of patterns in the mold (including integrally-cast specimens, if
applicable)

Size, shape,andlocation of gates and risers

Mold refr

Grain refinement methods, if applicable

Mold bac

Type of furnace, atmosphere, and charge for melting
Mold preheat and metal pouring temperatures

Fluxing o

Replenisiment and alloy addition procedures, if applicable
Time molrlen metal is in furnace

Solidifica
Cleaning
Straighte

Final inspection methods

Location

assigned
code des

4.5 Reports:

4.6

The vendor of castings shall furnish with each shipment a report showing the result

determine co
number, mas

of tensile specimens (See 4.3.3.4.1).

actory formulation

k up material (weight, thickness, or number of dips)
deoxidation procedure

on and cooling procedures
bperations (mechanical and chemical)
Ming

pf specimens machined from casting;, if applicable

a code designation. Each.variation in such parameters shall be assigr
ignation.

nfermance to the technical requirements. This report shall include the

bndor may be
ed a modified

entitled to review

5 of tests to
purchase order

Resampling and Retesting:

tity, and source

If results of a valid test fail to meet requirements, two additional specimens in accordance with 4.3
from the same master heat, modified melt (See 3.2.3), or lot, as applicable, shall be tested for each
nonconforming characteristic. The results of each additional test, and the average of the results of all
tests (original and retests), shall meet the specified requirements; otherwise, the master heat or lot

shall be rejec

ted. Results of all tests shall be reported.
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