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MILITARY SPECIFICATION

TUNGSTEN , THORIATED , TWO PERCENT, FORGED AND CUPPED

This specification is approved for use by the Naval Sea Systems Command,
Department of the Navy and is available for use by all Departments and Agencies
of the Department of ‘Defense.

1. SCOPE

1.1 Scope. This specification covers one type of forged aid cupped two
percent thoriated tungsten, referred to herein as the forging, for use in
rocket motors.

‘2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards and handbooks. The following specifi-
cations , standards and handbooks form a part of this document to the extent
specified herein. Unless otherwise specified, the issues of these documents
are those listed in the issue of the Department of Defense Index of
Specifications and Standards (DODISS) and supplement thereto, cited in the
solicitation (see 6.2)

Beneficial co!mnents (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commanding Officer, Naval Ordnance Station, Standardization
Branch (3730) , Indian Head, MD 20640-5000, by using the self-addressed
Standardization document Improvement Proposal (DD Form 1426) appearing at
the end of this document or by letter.

Msc N/A FSC 1340

DISTRIBUTION STATEMENT A. Approved for public release; distribution is
unlimited.
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and
4D ,

STANDARDS

MILITARY

MIL- STD-129 Marking for Shipment and Storage

MIL-STD-2154 Inspection, Ultrasonic, Wrought Metals,
Process for

(Unless otherwise indicated, copies of federal and military specifications
standards are available from: Military Specifications and Standards, Bldg.
700 Robbins Avenue, Philadelphia, PA 19111-5094)

2.1.2 Other Government documents, drawings, and publications. The
following other Government documents, drawings, and publications form a part of
this document to the extent specified herein. Unless otherwise specified, the
issues are those cited in the solicitation.

CODE OF FEDERAL REGULATIONS (CFRS)

49 CFR 100-199 Transportation

(ADDlicatiOn for couies of CFRS should be addressed to the Superintendent. . .
of Documents, U.S. Government Printing Office, Washington, D.C. 20402-0001. )

NAVAL SEA SYSTEMS COMMAND (CAGE Code 10001) o

WR-43 Preparation of Quality Assurance Provisions
(Including Classification of Characteristics)

(Copies of WR-43 are available from the Commanding Officer, Naval
Publications and Forms Center, Attn: 1053, 5801 Tabor Avenue , Philadelphia, PA
19120-5094)

2.2 Non-Government publ ications . The following documents form a part of
this document to the extent specified herein. Unless otherwise specified, the
issues of the documents which are DoD adopted are those listed in the issue of
the DODISS cited in the solicitation. Unless otherwise specified, the issues
of documents not listed in the DODISS are the issues of the documents cited in
the solicitation (see 6.2)

AMERIcAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E 8 Tension Testing of Metallic Materials (DoD
adopted)

ASTM E 18 Rockwell Hardness and Rockwell Superficial
Hardness of Metallic Materials (DoD adopted)

ASTM E 112 Determining Average Grain Size (DoD adopted)
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(Application for copies should be addressed to the American Society for
Testing and Materials , 1916 Race Street, Philadelphia, PA 19103-1187. )

AMERICAN TRUCKING ASSOCIATION , INC.

National Motor Freight Classification

(Application for copies should be addressed to
ciation, Inc. , Attn: Traffic Dept. , 2200 Mill Road,

NATIONAL RAILROAD FREIGHT COMMITTEE

Uniform Freight Classification (UFC)

(Application for copies should be addressed to
Freight Committee, 222 South Riverside Plaza, Suite
5945. )

the American Trucking Asso-
Alexandria, VA 2231k-4677. )

6000

the National Railroad
1106, Chicago, IL 60606 -

2.3 Order of precedence. In the event of a conflict between the text of
this document and the references cited herein, the text of this document takes
precedence. Nothing in this document,,however, supersedes applicable laws and
regulations unless a specific exemption has been obtained.

3.

● 3.1
shall be
4.3.

3.2

REQUIRE31SNTS

First article. When specified (see 6.2) , a sample of the forging
subjected to first article inspection (see 6.3) in accordance with

Material. The forging shall be manufactured from billets which have
been isostatically pressed, ~tiiizing hydrogen reduced tungsten powder and high
temperature sintering. The minimum density of the as-sintered billets shall be
not less than 17.8 grams per cubic centimeter (g/cc) (see 6.2) .

3.2.1 Chemical and mechanical properties.

3.2.1.1 Chemical properties. The chemical properties of the preforged
billets shall be in accordance with table I (see 6.2) .

3.2.1.2 Mechanical propert fes. Sufficient working shall be applied to
ensure that a wrought metal structure is obtained throughout the cross
sectional area. Mechanical properties of the forgings shall be in accordance
with table II . Individual and average values shall be recorded (see 6.2 and
6.3).

3.3 Product characteristics.

3;3.1 Internal defects. The forging shall have no defects or disconti -
nuities which impair the quality of the forgings. Limits of acceptability of

o

the forgings shall be Class AA in accordance with MIL-STD -2154 (see 6.2) .

3
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TABLE 1. Chemical Drouerties.

Limits

Property Minimum Maximum

Tungsten, percent by weight 97.70

Thoria, (thorium oxide), percent by weight 1.80 2.20

Carbon, percent by weight 0.005

Trace elements, total percent by weight 0.080

TABLE II Mechanical urouerties.

Limits

Property Minimum Maximum

Density, g/cc at 20 degrees Celsius 18.5 19.2
(“c)

Hardness, Rockwell C 35.5 44.5

Tensile stress at 0.2 percent offset,
pounds per square inch (PSI) at
480 f 10”c

a. Hoop 44000 ~
b Axial 45950 y

Tensile strength, PSI at 480 ~ 10”c
Hoop 55650 ~

:: Axial 57750 y

Elongation, percent at 480 ~ 10”c
Hoop 12.0 ~

:: Axial 12.0 2J
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3 PL equally
spaced

Axial specimens
3 PL equally
spaced

FIGURE 1. Test sDecimen locations.
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3.3.2 Stress relief. The forgings shall be supplied in a stress relieved o
condition. Stress relief for each pow~er blend shall be conducted at the
temperature and time not to exceed the onset of recrystallization, as
determined by metallographic examination (see 6.2)

3 ,3.2.1 Grain
not be greater than
6,2).

3.4 Defects
(see 6,2).

size. Grain size in the radial longitudinal plane shall
ASTM micro-grain size 7 as specified in ASTM E 112 (see

The forging shall be free of cracks, laps, seams, or tears

3,5 Workmanship. Workmanship shall be such that the forgings are uniform
in quality and condition, clean, sound, and free from foreign materials or
surface imperfections detrimental to fabrication or to performance of parts

4. QUALITY ASSUSANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or purchase order, the contractor is responsible for the performance
of all inspection requirements (examinations and tests) specified herein.
Except as otherwise specified in the contract or purchase order, the contractor
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 inspections are deemed necessary to ensure

osupplies and services conform to prescribed requirements

4.1.1 Responsibility for compliance. All items shall meet all require-
ments of sections 3 and 5. The inspection set forth in this specification
shall become a part of the contractor{ s overall inspection system or quality
program. The 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
material.

4.2
specified

4.3

or actual, nor does it commit the Government to accept defective

Classification of inspections. The inspection requirements
herein are classified as follows:

a. First article inspection (see 4.3)

b. Quality conformance inspection (see 4.4)

First article
the quality conforniance

inspection. First article inspection shall consist
inspection (see 4.4) Failure to meet all of the
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requirements specified herein shall be cause for rejection of the first article
sample.

4.4 Quality conformance inspection. Quality conformance inspection shall
consist of the examination and tests specified in table III.

TABLE 111. Oual itv conformance insuection,

Examination and Tests Requirement Test Method

Visual examination 3.5, and 4.5.1
section 5

Chemical composition 3.2.1.1 4.5.2

Density 3.2.1.2 4.5.3

Hardness 3.2.1.2 4.’5.4

Tensile strength and 3.2.1.2 4.5.5
elongation (hoop and
axial)

Internal defects 3.3.1 4.5.6

Grain size 3.3.2.1 4.5.7

4.4.1 Sampling for inspection.

4.4.1.1 Lot. A lot shall consist of a maximum of 12 forgings which are
manufactured from billets made from a single powder blend and stress equalized
using the same process

4.4.1.2 Selection of samples. Samples of the forging shall be selected
at random from each lot for the inspections specified in 4.5.1 through 4.5.4.

4.4.1.3 Sample material. Sufficient material shall be selected at random
from each sample to perform all of the inspections specified in 4.5.1 through
4.5.4.

4.4.1.4 Noncompliance of samples. Failure of one or more of the sample
of material to meet all of the specified requirements shall be cause for
rejection of the lot.

4 .4.2 Density, hardness and internal defects. Each forging shall be
tested for density, hardness and internal defects

4.4.3 Chemical composition, tensile properties and grain structure.

●
chemical composition of the powder blend for each lot of forgings shall be
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determined. One forging from each lot shall be sectioned and tested for
tensile properties and examined for grain structure.

4.4.4 Classification of characteristics The characteristics verified by
tests and examinations herein are classified as Critical, Major or Minor in
accordance with WR-43 Tests and examinations that verify critical character-
istics shall be identified by the symbol (c), and major characteristics shall
be identified by the symbol (M) The number following the classification
sWbOl indicates the serial number of the test or examination, When the clas -
sification does not apply to the complete paragraph, the portion to which the
classification is applicable is enclosed in brackets Tests and examinations
which are not annotated with a classification code shall be classified minor.

4.5 Inspection methods . The following inspection methods shall be used.
Unless otherwise specified in the method, all weights, volumes, temperatures,
and times shall be measured to the nearest specified unit or decimal.

NOTE: Reagent grade chemicals shall be used for chemical reactions in the
conduct of all tests defined herein. Solvents and indicators may
be commercial nonreagent ggade materials.

4.5.1 Visual examination. All.containers shall be visually examined for
conformance to section 5: All’forgings. shall be visually examined for
conformance to 3.5.

4.5.2. Chemical composition. (M101) The chemical composition of each
powder blend used to produce a lot of forgings shall be analyzed by
spectrographic analysis.

4.5.3‘ Density. (M102) Density shall be measured by the water or mercury
im.mersion method-,

4.5.4 Hardness . (M103) Tests for hardness shall be in accordance with
ASTM E 18. The individual forging shall be acceptable if the average of three
readings meets the requirements specified herein.

4.5.5 Tensil”e-strength and elongation. (M104) One forging from each lot
shall be tested for.tensile strength (hoop and axial) Three specimens shall
be tested. The lot.shall be acceptable if the average of the three tests meets
the..requirements: specified herein. Tensile testing shall be in accordance with
the following:.

a. Tensile tests.shall be in.accordance with ASTM E 8.

b. Tensile specimens shall conform to figure 2. Alternate specimen
styles are acceptable provided the gage area dimensions conform
to the 0.157 inch
tolerances

c. The test shall be

diameter by O.7g7 inch length within applicable

conducted at 480 ~ 10”c.

8
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‘“2)_T_IILk’”%RTyp

II (4 Mm)

=--’r 0.236 TYP
(6 mm.

TYP

le TYP

Tolerance f 0.005 (+ O.127mm)
except as noted.

All dimensions are in
inches except as noted

Metric dimensions are
in parentheses.

FIGUSE” 2. Tens ilk test samule...confim.tration.
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d. The strain rate shall be 0.003 - 0.007 inch-per-inch-per-minute e
to the O.2 percent offset yield strength and then at a crosshead
speed of O.05 inch-per-inch-per-minute to failure.

e. The location of the test specimen shall be as shown on figure 1.

4.5.6 Internal defects. The forgings shall be ultrasonically inspected
in accordance with MIL-STD-2154.

4.5.7 Grain structure. The grain structure of the forging, which is
sectioned for tensile properties, shall be microscopically photographed (see
6.3).

5. PACKAGING

5.1 Packaging. Unless otherwise specified in the contract or order (see
6.2), packaging shall be level C as specified herein.

5.1.1 Level C. The forging shall be packaged to afford adequate
protection against loss , contamination, deterioration, and damage during
shipment form the supply source to the first receiving activicy. Containers in
the same shipment shall be of the same size. The packaging shall conform to
UFC 6000, National Motor Freight Classification, 49 CFR 171-178, or to other
rules and regulations as applicable to the mode of transportation.

5.2 Marking.

5.2.1 Standard marking. In addition to the marking requirements required
by the contract or ordei (see 6.2) , interior and exterior containers shall be
marked in accordance with MIL-STD-129

5.2.2 Special marking. In addition to the marking requirements of 5.2.1,
each container marking shall include the following information:

a. Title, number and date of this specification

b. Manufacturer’ s name and address

c. Container identification number

d. Purchase document number.

e. Contractor’s name, lot nurber and material name

6. NOTES

(This section contains information of a general or explanatory nature that
may be helpful, but is not mandatory. )

10
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6.1 Intended use. The forging specified herein is intended for use in
the Standard Missile Mk .104 Dual Thrust Rocket Motor.

6.2 Acquisition requirements. Acquisition documents must specify the
f01lowing:

a.

b.

c.

d.

e.

f.

Title, number and date of this specification.

Issue of DODISS to be cited in the ‘solicitation, and if required
the specific issue of individual documents referenced (see 2.1.1
and 2.2).

Whether first article inspection is required (see 3.1 and 6.3)

DOD FAR 52.246-15 (see 3.2, 3.2.1.1, 3.2.1.2,3.3.1, 3.3.2,.
3.3.2.1 and 3.4).

Special marking if other than as specified in 5.2.2.

Forging size and quantity.

6.3 Consideration of data requirements. The following data requirements
should be considered when this specification is applied on a contract. The
applicable Data Item Descriptions (DID’s) should be reviewed in conjunction
with the specific acquisition to ensure that only essential data are requested/
orovided and that the DID’s are tailored to reflect the requirements of the,—. —..
specific acquisition., To ensure correct contractual appli~ation of the data
requirements, a Contract Data Requirements List (DD Form 1423) must be prepared
to obtain the data, except where DOD FAR
req’uirem.entfor a DD Form 1423.

Reference ParaEraDh DID Number

3.2.1.2 DI-T-2072

Supplement 27.475-1 exempts th~

DID Title

Test Reports
4.5.7 UDI-A-20174 Photogr~phic Requirements

The above DID’s were those cleared as of the date of this specification.
current issue of DOD 5010.12 -L, Acquisition Management Systems and Data
Requirements Control List (AMSDL) , must be researched to ensure that only
current, cleared DIDrs are cited on the DD Form 1423.

The

6.4 First article. When first article inspection is required, the
contracting officer should provide specific guidance to offerors whether the
item(s) should be a preproduction sample, a first article sample, a first
production item, a sample selected from the first production item, a sample
selected from the first production items or a standard production item from the
contractor’s current inventory (see 3.1) , and the number of items to be tested
as specified in 4.3. The contracting officer should also include specific
instructions in acquisition documents regarding arrangements for examinations ,
apprOval of first article test results, and disposition for first articles.

11
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Invitations for bids should provide that the Governments reserves the right to
waive the requirements for samples for first article inspection to those
bidders offering a product which has been previously acquired or tested by the
Government, and that bidders offering such products, who wish to rely on such
production or test, must furnish evidence with the bid that prior Government
aeerOval fS Presently appropriate for the uendin~ contract. Bidders should not. . .-
submit alternate bids unless suecificallv reauested to do so in the. .
solicitation.

6.5 Subject term (key word) listing.

Rocket Motor, Dual Thrust, Mk 104
Standard Missile

6.6 Supersedure information. MIL-T -82833
engineering change proposal (ECP) and notice of

~ ~

incorporates the
revision (NOR) :

fol owing

MTA064 (5/24/88) MTA064 .1 (5/24/88)

Preparing Activity
NAVY-OS
(Project 1340 -N807)

*U.S.GOV.ZKNMHUTMlrwlrucOmlcc ,9!0704.034/3msn
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