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2.2

2.3

3. TECHNICAL RE

3.1

ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTME 8
ASTM E 8M
ASTM E 120
ASTM E 1320

Tension Testing of Metallic Materials

Tension Testing of Metallic Materials (Metric)
Chemical Analysis of Titanium and Titanium Alloys
Reference Radiographs for Titanium Castings

ASTM E 1409

ASTM E 1417
ASTM E 1447

ASTM E 1742
U.S. Governm

Available from
Philadelphia, |

MIL-H-81200
MIL-STD-217¢

Composition:

Castings shall
in accordance
elements by w
or by other an

Determination of Oxygen in Titanium and Titanium Alloys by the In€
Techniques

Liquid Penetrant Examination

Determination of Hydrogen in Titanium and Titanium Alloys by the |
Thermal Conductivity Method

Radiographic Examination

ent Publications:

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

Heat Treatment of Titanium and-Titanium Alloys
b Castings, Classification and Jnspection of

QUIREMENTS:

conform to the percentages by weight shown in Table 1. Oxygen sh
with ASTM_E-1409; hydrogen in accordance with ASTM E 1447 (Se€q
et chemijeal methods in accordance with ASTM E 120, by spectroch
plytical. methods acceptable to purchaser (See 8.1.2).

rt Gas Fusion

hert Gas Fusion

enue,

all be determined
3.1.3), and other
emical methods,
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TABLE 1 - Composition
Element min max

Aluminum 5.75 6.50
Vanadium 3.60 4.50
Oxygett 043 O+
Nitrogen 0.01 0.03 (100 ppm t0.360"ppm)
Iron -- 0.25
Carbpn -- 0.07
Yttrigm -- 0.005 (56 ppm)
Hydrpgen -- 0.02~(100 ppm)
Resiglual Elements, each (3.1.1) -- 0.10
Resiflual Elements, total (3.1.1) -- 0.40
Titanjum remainder

3.1.1 Determinatign not required for routine acceptance.

3.1.2 Check Analysis: Compositional variations shall meet the requirements of AMS 2249.

3.1.3 Sample size

3.2 Melting Practige:

3.2.1 Castings an

3.21.1

3.2.1.2

3.21.3

3.2.14

3.2.15

when using ASTM _E.1447 may be as large as 0.35 gram.

1 specimens shall be poured, at the casting vendor’s facility, either fr
master heat|or directly’from a master heat.

om a remelt of a

Remelt fon Casting: The metal for castings and specimens shall be remelted aTd poured under
inert gas p ' 3.2 | cuum between

melting and pouring.

If authorized by purchaser, portions of two or more qualified master heats may be remelted
together and poured into castings using a procedure acceptable to purchaser.

Remelt for casting shall be performed using consumable electrode practice or other method

authorized by purchaser.

The atmosphere for nonconsumable electrode melting shall be vacuum or shall be argon and/or
helium at an absolute pressure not higher than 1000 mm of mercury.

The electrode tip for nonconsumable electrode melting shall be water-cooled copper.

-3-
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3.2.2 Portions of two or more qualified master heats may be melted together and poured into castings
using a procedure authorized by purchaser (See 8.1.6).

3.2.3 Casting shall be poured under vacuum, or under partial inert gas pressure (See 3.2.1) without loss
of vacuum or atmosphere control between melting and pouring.

3.2.4 Vendor shall have a written procedure, approved by purchaser (See 8.1.6) in accordance with 4.4,
which defines the process control factors, tests, and traceability criteria for castings. All production
castings shall be poured at the vendor’s facility in accordance with the written procedure. Changes
to the writtem procedure shall be made only as approved by purchaser in accord@nce with 4.4.

3.2.5 Revert (gatgs, sprues, risers, and rejected castings) may be used in the preparation of master
heats.

3.3 Condition:

Castings shall
3.4 Test Specime

3.4.1 Chemical Ar

as required {o determine conformance to 3.1 far‘each casting lot or master heat a

4.3). Specin
HIP process
and hydroge
removal of g
3.4.2 Tensile Spe
for each cas
accordance
equal to fou

3.4.2.1 Specimen

1S:

ens shall be of any convenient size and shape suitable for the meth
ing shall be completed prior.to removing specimens for analysis for
n. Chemical or electrochemical processing, if used, shall be complg
pecimens for hydrogen analysis.

Limens: Shall be removed from castings as required to determine co
ting lot (See 4.3).) Specimens shall be machined or cast to standard
with ASTM E.8-0r ASTM E 8M. Where ASTM E 8M is used, the gag
times the-nominal diameter of the reduced section of the tensile sp4

location shall be as agreed upon by purchaser and vendor (See 8.1

be furnished in the hot isostatically pressed (HIR) Condition (See 3.%).

alysis Specimens: Shall be removedfrom castings, casting prolongations, or gating

s applicable (See
bds of analysis.
pXygen, nitrogen,
ted prior to

hformance to 3.6
proportions in

e length shall be
pcimen.

8).

3.4.2.2 When cas

Mg Size orsectionm thickmessdo ot permit the removatof standardt

est specimens in

accordance with ASTM E 8 or ASTM E 8M, sampling and testing for tensile properties shall be as
agreed upon by purchaser and vendor.

3.4.2.3

prior to removing tensile specimens.

3.5 Hot Isostatic Processing (HIP):

HIP processing, and, when performed, annealing after welding (See 3.9.2.3), shall be completed

Castings shall be hot isostatically pressed at 15 ksi + 0.5 (100 MPa * 3) at a temperature of
1650 °F + 25 (899 °C + 14) for not less than 2 hours, and cooled in the autoclave to below 800 °F
(427 °C). Pyrometry shall be in accordance with AMS 2750.
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3.6 Room Temperature Tensile Properties:

Shall be as shown in Table 2 for casting or sections of castings 1.00 inch (25.4 mm) and under in
thickness, determined in accordance with ASTM E 8 or ASTM E 8M (see 3.4.2). When a dispute
occurs between purchaser and vendor over the yield strength values, a referee test shall be
performed on a machine having a strain rate pacer, using a rate of 0.005 inch/inch/minute

(0.005 mm/mm/minute) through the yield strength and a minimum cross head speed of 0.10 inch per
minute (0.04 mm/s) above the yield strength.

3.7 Surface Contg

Castings, asr
other surface
lower than 20

3.8 Casting Class
Purchaser shea
inspection (ca

areas of the c

3.8.1 Castings sh
examination

TABLE 2 - MInimum Room Temperature Tensile Properties

Property Value
Tensile Strength 125 ksi (862 MPa)
Yield Strength at 0.2% Offset 120 ksi((827 MPa)
Elongation in 4D 5%

mination:
bceived by purchaser, shall be free of any oxygen rich layer, such as
Contamination, determined by metallographic examination of cross s
DX magnification.

fication and Inspection:

Il specify applicable inspection methods, the required minimum freq

alpha case, or
bctions at not

lency of

5ting class) and -acceptance standards (casting grade). Purchaser npjay zone different

hsting withdifferent classifications or grades (See 8.1.9).

Il be/produced under radiographic control. This control shall consis
of each casting until process controls in accordance with 4.4.2 have

to ensure pr

of radiographic
been established

bduction of ahrnpfﬂhlp antingq The fI’F\ﬂII lency. of sI IhQPﬂII 1ent radiogd

raphic inspection

shall be in accordance with the frequency required by purchaser.

3.8.1.1 MIL-STD-2175 may be used to specify radiographic test frequency.

3.8.1.2 Radiograp

hic inspection shall be in accordance with ASTM E 1742.

3.8.1.3 If the reference radiographs of ASTM E 1320 are used, purchaser shall specify the maximum
acceptable plate size allowed for each discontinuity type.

3.8.2 Fluorescent penetrant inspection shall be performed in accordance with ASTM E 1417.
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3.8.2.1 Where acceptance limits are not specified, limits shall conform to the maximum allowable
discontinuity size and distribution for fluorescent penetrant inspection of MIL--STD-2175,
Grade B.

3.9 Quality:

3.9.1 Castings, 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 castings.

3.9.1.1 Castings ghall be free of cracks, laps, tears, and cold shuts.

3.9.1.2 Castings ghall be free of scale, excessive roughness, and other process’inducgd surface
contaminaion which could obscure defects.

3.9.1.3 Discrete Ppsitive Material: Unless otherwise specified, isolated, well-rounded, and
smoothly-adhered positives are permitted as follows:

3.9.1.3.1 As-Cast[Surfaces: An unlimited quantity equal to or less than 0.005 inch (0.1B mm) in height
are allowed, with unlimited positives up to 0.02Q:inch (0.51 mm) in height ang 0.04 inch
(1.0 mm) in diameter allowed in a 1 inch (25 mm) square area.

3.9.1.3.2 Subseqyently Machined Areas: An unlimiteéd quantity equal to or less than 0.p6 inch (1.5 mm)
are allowed.

3.9.1.3.3 Other Pgsitive Material: Unless otherwise specified, evidence of parting lines| masking lines,
wax weldls, in-process weld witness, and gate witness is permitted as follows:

3.9.1.3.3.1 As-Cast Surfaces: Shall)be equal to or less than unlimited positions up to 0.020 inch
(0.51 mm) in height;

3.9.1.3.3.2 Subsefuently-Machined Surfaces: Shall be equal to or less than 0.06 inch [1.5 mm) in
height,

3.9.1.4 Unless otherwisespetified; discretesurface pitsanddepressionsstatt-havewell-rounded and
smooth bottoms, shall not exceed 10% of the wall thickness of the casting or 0.03 inches
(0.75 mm) in depth, whichever is less, shall not exceed 0.06 inches (1.5 mm) in diameter, and
shall be separated by at least two times the diameter of the largest such discontinuity.

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

3.9.2.1 When authorized by purchaser, welding in accordance with AMS 2694 or other welding program
acceptable to purchaser may be used.

3.9.2.2 Purchaser may define areas of the casting where welding is not permitted.
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3.9.2.3 After welding, castings shall be annealed by heating to 1550 °F + 25 (843 °C % 14) for not less
than two hours in a vacuum, or shall be hot isostatically pressed in accordance with 3.5.
Pyrometry for annealing heat treatment and instruments/thermocouples shall be in accordance
with AMS 2750.

3.10 Processing:

3.10.1 Castings shall not be exposed to halogenated solvents.

3.10.2 Castings shall not be exposed to organic halogen-bearing compounds unless:Sugh compounds are
promptly angl completely removed by subsequent cleaning using procedures acdeptable to
purchaser.

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 the
performance gf all required tests. Purchaser reservesdhie right to witness vendor fests, to sample,

and to performp any confirmatory testing deemed necessary to ensure that the castings conform to
specified requjrements.

4.2 Classification pf Tests:
4.2.1 Acceptance [Tests: Composition (3.1), tensile properties (3.6), surface contaminaion (3.7) and
inspection of castings (3.8), except as specified in 4.2.2, are acceptance tests arnd shall be

performed oh each lot.

4.2.2 Periodic Tedts: Radiographic inspection (3.8.1) is a periodic test when performed at a sampling
frequency specified in-accordance with MIL-STD-2175.

4.2.3 Preproductign Tests: All technical requirements are preproduction tests and shal| be performed on

sample castng-prior to or on the initial shipment of castings to a purchaser, when a change in
control factowomﬁ%wﬁﬁﬂwmmmmrmrwwg to be required.

4.3 Sampling and Testing:

The minimum testing performed by vendor shall be in accordance with the following:

4.3.1 One chemical analysis specimen (See 3.4.1) shall be taken from each master heat or casting lot as
applicable and tested for conformance with Table 1. Oxygen, nitrogen, and hydrogen
determinations shall be obtained on a casting lot basis (See 8.1.4) after processing.

4.3.2 One or more preproduction sample castings shall be tested to requirements of the casting drawing
and to all technical requirements of this specification. Purchaser may specify the quantity of
preproduction sample castings tested.



https://saenorm.com/api/?name=c5f1ca9f0d57f87e26c8e901e230b1ff

AMS 4962

SAE

AMS 4962

4.3.3 Tensile Specimens: When casting size and section thickness permit tensile specimens to be
extracted from the casting, one casting of the lowest radiographic quality shall be selected from

each lot and

tested for conformance to 3.6.

4.3.3.1 For determining conformance to 3.6, when specimen locations are not shown on the drawing, not
less than three tensile specimens in accordance with 3.4.2 shall be removed and tested. Once
established and approved (See 4.4.2), test specimen locations may be changed only as agreed
upon by purchaser and vendor.

4.3.3.2 When casling size or section thickness do not permit the removal of standard, test specimens in

f

accordance with ASTM E 8 or ASTM E 8M, sampling and testing for tensile,properties shall be as

agreed uppn by purchaser and vendor.

4.3.4 All castings ghall be fluorescent penetrant inspected.

4.3.5 Minimum ragliographic inspection frequency shall be in accordatice with the freqliency of non-

destructive inspection specified by purchaser (See 4.2.2).

4.4 Approval:

4.4.1 Sample casfing(s) from new or reworked master patterns produced under the cas

ting procedure of

4.4.2 shall be approved by purchaser before castings for production use are supplied, unless such

approval be|waived by purchaser.

4.4.2 For each cagting part number, vendor.:shall establish parameters for process cor
will consisteptly produce castings and.test specimens meeting requirements of th
and this spefgification. These parameters shall constitute the approved casting pr
be used for production of subsequent castings. If necessary to make any chang

parameters,

When requefsted, vendor:shall also submit test specimens, sample castings, or b
for reapprovgl.

4.4.2.1 Productior

vendor shall submit a statement of the proposed changes for purcha

castings produced prior to receipt of purchaser’s approval shall be

trol factors that

P casting drawing
bcedure and shall
b to these

ser’'s reapproval.
oth, to purchaser

At vendor’s risk.

4.4.2.2 Control factorsforproducingcastings mctude; butare ot tmmited-to; thefottowi

1g. Vendor’s

procedures shall identify tolerances, ranges, and/or control limits as applicable.

Sources and controls for master heats

Type(s) of

melt furnaces, atmosphere controls, charging and melting practices

Vacuum or atmosphere levels used

Refining, replenishment, and alloy addition procedures, if applicable
Time molten metal is in furnace

Pouring practice

Solidification and cooling procedures

Arrangement and number of patterns in the mold

Size, shape, and location of gates and risers

Composition of core materials, if used
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