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NOTICE

This document has been taken directly from U.S. Military Specification MIL-T-81915, Amendment 1, and
contains only minor editorial and format changes required to bring it into conformance with the publishing
requirements of SAE technical standards. The initial release of this document is intended to replace
MIL-T-81915, Amendment 1. Any part numbers established by the original specification remain
unchanged.

The original Military Specification was adopted as an SAE standard under the provisions of the SAE
Technical Standards Board (TSB) Rules and Regulations (TSB 001) pertaining to accelerated adoption of

government specirl—d_l_d_d_l'S'B_I—d_t_[_rrﬁl_l_lﬁrca ions and standards. rules provide for (a) the publication of portjons of

unrevised government specifications and standards without consensus voting at the SAE-Committee
level, and (b) the yse of the existing government specification or standard format.
Under Departmen{ of Defense policies and procedures, any qualifications requirements and associated

qualified products |ists are mandatory to DOD contracts. Any requirement relating to qualified products
lists (QPL’s) has npt been adopted by SAE and is not part of this technicdl report.

1. SCOPE:
1.1 Scope:

This specification prescribes the requirements_for Titanium and Titanium-alloy castings produced by
the investment casting process.

1.2 Classification:

The titanium|and titanium-alloy eastings furnished under this specification shall be of|the following
types, compgsitions and gradés)(see 6.2).
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1.2.1

1.2.2 Grades: C

2. APPLICABLE

The following

Types and composition:

Type |

Type Il

Type Il

Commercially pure titanium
Composition A (see 3.2)

Alpha-titanium alloy
Composition A - Ti-5A1-2.5Sn

Alpha-beta titanium alloy
Composition A - Ti-6A1-4V
Composition B - Ti-6A1-2Sn-4Zr-2Mo

accordanc

istings shall be of Grades A, B and C as shown in Tables Il and Il, and

with the radiographic reference specified in the tables.

DOCUMENTS:

publications of the issue in effect on date of invitation for bids or request

form a part of this specification to the extent specified herein.

2.1

2.2

U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Ave

Philadelphia,| PA 19111-5094.

MIL-H-8120( Heat Treatment of Titaniumand Titanium Alloys
FED-STD-191 Metals; Test Methods

FED-STD-184 Identification Marking of Aluminum, Magnesium and Titanium
MIL-STD-10% Sampling Pracedures and Tables for Inspection by Attributes
MIL-STD-129 Marking for\Shipment and Storage

MIL-STD-453 Inspection, Radiographic

MIL-STD-21715 Casting, Classification and Inspection of

MIL-STD-6866

ASTM Publig

Inspection, Liquid Penetrant

ations:

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

ASTM B 660
ASTME 8
ASTM E 155

shall be in

for proposal,

Packaging/Packing of Aluminum and Magnesium Products, Standard Practice for

Tension Testing of Metallic Materials

Reference Radiographs for Inspection of Aluminum and Magnesium Castings (Series

1)
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3. REQUIREMENTS:

3.1 Melting Processes:

The material shall be produced by multiple melting under vacuum or inert atmosphere. Melting
processes shall include either singly or in combination, electro-consumable arc, electron beam or
other vacuum melting processes suitable for the production of materials meeting the requirements of
this specification.

3.2 First Article:

Unless otheryvise specified in the contract or order, two castings shall be submitted if] advance of
production a$ directed by the procuring activity for examination and written approval.| One casting
shall be identified as the “dimensional sample,” and shall be for dimensional approval. The other
casting shall jpe identified as the “foundry control sample,” and shall be forradiography and
destructive tgsts as necessary for approval (see 6.2).

3.2.1  The submitted castings shall be fully representative of the foundry-practice that will|be used in
production.| If temporary gating was used to develop suitable foundry practice, the submitted
casting shgll be made after the permanent gating has beendnstalled. All critical mglting and
pouring pafameters shall be recorded.

3.2.2 Molds: Thelmold materials should be essentially nonreactive, as shall the atmospheres in the
molds at the time of pouring.

3.2.3 Surface contamination: The surfaces of castings shall be free from surface contamination by
oxygen, nitrogen or carbon. Pickling or.chémical milling may be used to remove cgntaminated
zones from|as-cast surfaces. The surface roughness shall not exceed RHR 80 whep the casting is
submitted tp the purchaser.

3.3 Material:

The material|shall be such:as to produce investment castings in full compliance with the
requirementg specified-fierein.

3.4 Chemical compasition:

The chemical analysis of casfings shall comply with the Timits specified in Table T.
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TABLE 1. CHEMICAL COMPOSITION, PERCENT BY WEIGHT 1/

SLNINITI
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3.5

3.6

3.7

3.8

3.9

3.10

Foundry control:

Castings shall be produced under foundry control approved by the procuring activity. Foundry
control shall consist of examination of castings by radiographic methods for determining internal
defects until the gating and other foundry practices have been established to produce castings
meeting the quality standards furnished by the procuring activity or agreed upon by the procuring
activity and contractor. When foundry practices have been so established, the production method
shall not be changed until the procuring activity is satisfied that the change does not adversely affect

the quality of

the castings.

Soundness:

When specifi
approved by
exceed thos¢g
standards su
soundness rg
at least the in
each casting

Identification

Each casting

pplied or approved by the procuring activity for determining conformanc
quirements may consist of sectioned castings or photographs thereof or
nportant sections of the castings. When specified (see 6.1), the minimu
shall be controlled.

marking:

shall be identified with the part number by use of raised numerals in a Iq

pd (see 6.2), the soundness of castings shall conform to standards)furnished or
he procuring activity. The extent of porosity and other defects-in the casgtings shall not
shown by the standard, and such defects shall be absent in‘designated areas. The

with
radiographs of
n weight of

pcation

indicated on the drawing. When no location is shown on the drawing, the number shall be located so

as not to be 1
impracticable
of delivery.

Surface impejrfections:

The casting qurface shall notcontain cracks, laps, cold shuts or inclusions (see 4.4.2

Radiographid

After the four]
radiographicg

nachined off in finishing to the required dimensions. Castings on which

requirements:

dry eontrol methods of 3.5 have been established, the castings shall be
Ily inspected as specified in 4.5.2.

tis

to provide raised numerals shall be so marked as to be properly identified at the point

3).

Mechanical p

roperties:

The mechanical properties shall conform to the requirements of Table IV. The strength requirements
of the casting, tested in full size, shall be as specified on the drawing for the part concerned or in
other purchase information (see 6.2).
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3.11 Heat-treatment:

Heat-treatment shall be performed on a whole casting and never on a portion only. Heat treatment
shall be conducted as detailed in MIL-H-81200.

3.11.1 Hot isostatic pressing: Hot isostatic pressing may be used provided that all thermal treatment
requirements are met subsequent to hipping and that the resulting material meets all the
requirements contained herein.

3.12 DImensions:

The dimensipns of the castings shall be within the dimensions and tolerances speciﬁled on the
applicable drfawings.

3.13 Workmanship:

Castings shdll be uniform in quality and condition, sound, clean, and substantially free from foreign
materials.

3.13.1 Castings shall not be repaired by plugging, welding, or othef methods without writt¢n permission
from the prpocuring activity. Castings shall not be mechanically straightened after hpat-treatment
without wriften permission from the procuring activity,

4. QUALITY ASJURANCE PROVISIONS:
4.1 Responsibility for inspection:

Unless otherwise specified in the contraet or purchase order, the supplier is responsiple for the
performance|of all inspection requirements as specified herein. Except as otherwise specified in the
contract or ofder, the supplier may.use his own or any other facilities suitable for the performance of
the inspection requirements specified herein, unless disapproved by the Government. The
Government(reserves the right to perform any of the inspections set forth in the specification where
such inspectjons are deemed necessary to ensure that supplies and services confori to prescribed
requirementg.

4.1.1 Responsibllity fot.compliance: All items shall meet all requirements of sections 3 afnd 5. The
inspection gétfforth in this specification shall become a part of the contractor’s oveﬂ%ll inspection
system or qualily program. [he absence of any inspection requirements in the specification shall

not relieve the contractor of the responsibility of ensuring that all products or supplies submitted to
the Government for acceptance comply with all requirements of the contract. Sampling inspection,
as part of manufacturing operations, is an acceptable practice to ascertain conformance to
requirements, however, this does not authorize submission of known defective material, either
indicated or actual, no does it commit the Government to accept defective material.
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4.1.2 Foundry control approval: Production of a given casting shall not begin until the foundry is
approved, unless such approval be waived in writing by the procuring activity. Foundry control
samples shall be submitted as directed by the procuring activity. The manufacturer shall use the
same foundry practices and the same heat-treating procedures for production castings as for
approved sample castings. If necessary to make any change, the foundry shall notify the procuring
activity before the first shipment of castings incorporating such a change, and shall submit sample
castings produced by the changed procedure for approval in accordance with 3.5.

4.1.21 Radiographic acceptance procedure Acceptance shaII be made by comparison with a standard
set of radiogr hic indications shall be identified in
terms of the defects listed in Table II. Acceptance shall be made in accordancemjth one of three
grades specified in the engineering drawing (see 6.3). When no grade is spetifigd, Grade C
shall apply.

4.2 Classificatior) of tests:
The inspectign and testing of castings shall be classified as follows;
a. First Artigle inspection (see 4.3)
b. Quality cpnformance inspection (see 4.4).

4.3 First Article:

4.3.1 First Articld inspection: First article inspection‘of the titanium-alloy castings shall copsist of all tests
described ynder Test Methods for all the fequirements specified in Section 3 (see 4.5).

4.3.2 First articlel sample: The first two casfings produced under each contract or order shall be the first
article test pamples (see 3.1). The samples shall be forwarded to a testing activity designated by
the procuring activity. The manufacturer shall supply a certified statement of compdsition and prior
tests which shows that the€astings comply with the requirements of this specificatipn (see 3.5).
Samples shall be identified-as required by the procuring activity for acceptance propedure.

4.4 Quality confdgrmance-.inspection:

Quality confdrmarnce inspection shall consist of all tests as described under 4.5.

441 Lot: Unless otherwise specified in the contract or order, a lot shall consist of not more than 2000
pounds of casting of the same part number produced in a pouring period not exceeding eight hours
with metal from a single heat which is heat-treated in one furnace load.

4.4.2 Sampling for quality conformance inspection: Unless otherwise specified on the drawing or other
purchase information and where applicable, sampling plans and procedures in the determination of
the acceptability of products submitted by a supplier shall be in accordance with MIL-STD-105.
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RADIOGRAPH IN ACCORDANCE WITH ASTM E 155)

TABLE Il

MINIMUM SOUNDNESS FOR TITANIUM-ALLOY CASTINGS SUBMITTED
FOR FOUNDRY CONTROL APPROVAL (MAXIMUM PERMISSIBLE

(i‘gg'ﬂf;"?;’:) Radlograph | Grade A | Grade B | Grade C
Porosity (round) 1.21 None None 1
Porpsity (elongated) 1,22 None None 2
Sh cavity 2.1 None 1 1
Foreign material (less 3.11 None None 1

dense) '
Foreign material (more 8.12 None 1 1
dense)
Crag¢ks - None None None
Cold shuts - None None None
Laps - None None None

4.4.2 1 Sampling fqr visual and dimension éxamination: A random sample shall be selectec

from each lot

in accordarice with MIL-STD-105, ‘Inspection Level I, Acceptable Quality Level (AQL) 2.5 percent

defective for the test of 4.5.5,

4.4.2.2 Sampling fgr chemical composition: A random sample shall be selected from each
with MIL-§1D-105, Inspection Level S-1, acceptance number of zero fg
4.5.1. Preparation-of-sample specimens for the chemical analysis shall be in accor

accordancse

Methods 11[1.1 af-112.1 of FED-STD-151.

ot in
r the test of
Hance with

ach lot for

4423 Samp“ng for rnrhngrgphm and pnnnfrnn'l‘ |nepnﬁ+|nn: The ‘Frnqnnnﬁ}: of eampllng of

radiographic and penetrant inspection for the tests of 4.5.2 and 4.5.3 shall be in accordance with
MIL-STD-2175 and MIL-STD-6866.

4.4.2.4 Sampling for mechanical properties: Castings shall be selected at random from each lot in
accordance with MIL-STD-105, Inspection Level S-2, acceptance number zero for test of 4.5.4.

4.4.2.4 1 Unless otherwise specified in the contract or drawing, tension test specimens shall be cut from
locations shown on the drawing according to the sampling specified in 4.4.2 or on the drawing. If
no location is shown, three specimens shall be taken from a thick, medium, and thin section of
each casting selected at random, as close as practicable to cover thickness variations.
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4.5 Test methods:

4.5.1

45.2

Chemical analysis: Analysis shall be spectrographic or chemical; Methods 111.1 or 112.1 of
FED-STD-151. In case of dispute, the chemical analysis by wet chemical methods shall be the

basis for acceptance.

Radiographic inspection: This examination shall be conducted in accordance with MIL-STD-453.
Unless otherwise noted, the limits of X-ray indications shall be as specified in Table Ill. Additional
radiographic inspection may be specified by the procuring activity.

TABLE IIl.

MAXIMUM ACCEPTANCE DEFECTS IN TITANIUM=-ALLOY
CASTINGS (MAXIMUM PERMISSIBLE RADIOGRAPH IN
ACCORDANCE WITH ASTM E 155) 1/, 2/, 8/, 4/
Grade A Grade B Grade C
Defeots Radiograph | mpickness | Thickness | Thickness
(ASTM E 1556) Reference (inch) (inch) (inch)
1/4 3/4 Y/4 3/4 | 1/4 3/4
Porosity (round) 1,21 None 1 1 3 3
Porosity 1.22 None 1 2 3 4
(elongated)
Shrinkage cavity | 2.1 None 1 NA| 2 NA
Foreign material 3.11 None 1 1 2 2
(less dense)
Foreign material 3.12 None 1 1 2 1
(more dense)
Cracks - None - None None
Cold{shuts - None None None
Laps : - None Neone Norne—

1/ When two or more types of defects are present to an extent equal to or not significantly better than the
acceptance standards for respective defects, the parts shall be rejected.

2/ When two or more types of defects are present and the predominating defect is not significantly better than the
acceptance standard, the part shall be considered borderline.

3/ Borderline castings shall be reviewed for acceptance or rejection by competent engineering personnel and
Government quality assurance representative(s).

4/ Porosity and inclusions allowed by this table shall be cause for rejection when closer than twice their maximum
dimension to an edge or extremity of a casting.
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