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MILITARY SPECIFICA

ARMOR, STEEL, CAST, HOMOGENEOUS, COMBAT-VEHICLE TYPE
(1/4 TO 8 INCHES, INCLUSIVE)

This specification is approved for use by the U.S. Army Materials
Technology Laboratory, Department of the Army, and is available for
use by all Departments and Agencies of the Department of Defense.

i. SCOrE
1.1 Scope. This specification covers two classes of homogeneous cast steel
armor, combat-vehicle type vehicles in thicknesses from 1/4 to 8 inches

inclusive (see 6.1).

1.2 Classification.

1.2.1 Class-l. Class-1 cast steel armor is heat treated for maximum
resistance to penetration and requires ballistic testing in accordance with
Appendix A. No ballistic testing is required for thicknesses less than 5/8
inch.

1.2.2 Class-2. Class-2 cast steel armor is heat treated for maximum
resistance to shock. Class 2 is only applicable in the thickness range from
1/4 to 1-1/4 inches and does not require ballistic testing.

2. APPLICABLE DOCUMENTS

2.1 Government documents,

2.1.1 Specifications, standards, and handbooks. The following
specifications, standards, and handbooks form a part of this specification to
the extent specified herein. Unless otherwise specified, the issues of these
documents shall be those listed in the issue of the Department of Defense
Index of Specifications and Standards (DODISS) and supplement thereto, cited
in the solicitation.

AMSC NO, A4109 /AREA MECA/

DISTRIBUTION STATEMENT A Approved for public release; distribution unlimited.
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STANDARDS
MILITARY

MIL-STD-105 - Sampling Procedures and Tables for Inspection by Attributes

MIL-STD-129 - Marking for Shipment and Storage

MIL-STD-367 - Armor Test Data Reporting

MIL-STD-410 - Nondestructive Testing Personnel Qualification and
Certification (Eddy Current, Liquid Penetrant, Magnetic
Particle, Radiographic and Ultrasonic)

MIL-STD-1264 - Radiographic Inspection for Soundness of Welds in Steel by
Comparison to Graded ASTM E 390 Reference Radiographs

MIL-STD-1265 - Radiographic Inspection, Classification, and Soundness
Requirements for Steel Castings

MIL-STD-1949 - Inspection, Magnetic Particle

MIL-STD-6866 - Inspection, Liquid Penetrant

(Copies of specifications, standards, handbooks, drawings, publications, and
other Government documents required by contractors in connection with specific
acquisition functions should be obtained from the contracting activity or as
directed by the contracting activity.)

2.2 Other publications. The following docum

specification to the extent specified herein. Unless otherwise specified, the
issues of the documents which are DOD adopted shall be those listed in the
issue of the DODISS specified in the solicitation. Unless otherwise
specified, the issues of documents not listed in the DODISS shall be the issue
of the non-Government documents which is current on the date of the
solicitation.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) STANDARDS
ASTM A609 - ication for Steel Castings, Carbon and Low Alloy,

trasonic Examination, Thereof

ASTM A751 - Methods, Practices, and Definitions for Chemical Analysis of
Steel Products

ASTM A802 - Evaluation of and Specifying Textures and Discontinuities of
Steel Castings by Visual Means

ASTM E10 - Brinell Hardness of Metallic Materials

ASTM E18 - Rockwell Hardness and Rockwell Superficial Hardness of
Metallic Materials

ASTM E23 - Notched Bar Impact Testing of Metallic Materials

ASTM E94 - Standard Guide for of Radiographic Testing

ASTM E125 - Reference Photographs for Magnetic Particle Indications on
Ferrous Castings

ASTM El42 - Method for Controlling Quality of Radlographlc Testlng
AQMM TALRD MAat+lhad €£am MNald hvmntdinan AF DafPrant Aneor M AAAAAAAAAAAAAAAAA
noldri L4 o — Ul Liiuu 101 \ICI_LJ. vuiauvivl Ul nciliaveuy

an Optional Pyrometer

ASTM E543 - Practice for Determining the ualification of Nondestructive
Testing Agencies

ASTM E70Y - Practice for Magnetic Particle Examination

ASTM D3951 - Practice for Commercial Packaging

(Application for copies should be addressed to the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103).
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(Non-Government standards and other publications are normally available from
the organizations which prepare or which distribute the documents. These
documents also may be available in or through libraries or other informational
services.)

STEEL FCUNDERS' SOCIETY OF AMELICA
Steel Castings Handbook, Supplement 3 (Tolerances)

1 Founders Society

“*:

o
Manufacturers Standardization Society of the Valve and Fittings Industry

SP-55 - Quelity Standard for Steel Castings for Valves, Flanges and
Fittings and Other Piping Components

(Application for copies should be addressed to the lManufacturers
Q+anAamndicaotinry TSAarndatyr nf +he Valira anA W'++~|nnc~ nAdlra+ry E20% T oacchiiroe
vvalivalui asauvaivii LNV VA S B w2 V) Ui uv1lT vairvao aliu 4 bu_LJlED dlivduUuo vl ’ SN LTTO VUL &
Pike, Suite 502, Falls Church, VA 22041).

H

2.5 Order of precedence. In the event of a conflict between the text of
this specification and the references cited herein, the text of this
specification shall take precedence.

2 TOITRPEMENTS
Je NoWU L0 LN L0

3.1 First article.

3,1.1 Class 1 Armor. When specified, (see 6.2) the supplier shall prepare
cast plates in accordance with Appendix C for first article ballistic tests

and for foundry or process qualification (see 3.1.1.1). In addition,
aimiilat+ad woldoranagir +oat nlatea ahall hae mnrarareld S orrardarrcres wi+t+h
[ RNV N VAAV] wWT LU .LC}JCI.‘LA vCoO U l}..LG\/C 1alilLd Vo IJ‘LCIJGLCU PR Ss acvuviuailicvc WL uil
Appendix B. The above plates shall be submitted to Commander, US Army
Aberdeen Proving Cround (APG), Transportation Officer, Bldg. 3554, ATTN:

STECS-AS-IIM, Materials and Structures Branch, Aberdeen Proving Ground, MD
21005. The following tests are required to be performed on the castings

t prior to submittal: actual chemistry, impact test, hardness test,
nd radiographs on . When specified in the contract or
ordance with MIL-STD-367 (see §6.2.2)
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35.1.1.1 Requirements for foundry or process qualification. Unless otherwise
specified (see 6.2), requirements for foundry or process qualification shall
be as specified in Appendix C of this specification.
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base material: declared cheristry, impact test and hardness test. When
specified in the contract or order, test data shall be prepared in accordance
with MIL-STD-367 (see 6.2.2 & 6.12).
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3.1.3 Waiver of first article test. Suppliers who have previously produced
cast steel Class 1 or Class 2 armor or potential suppli who have preformed

independent foundry qualification (see 6.7) which meet all the requirements of
this specification in the past 37 months, and have not significantly changed
production practices, will not be required to perform first article tests, and

will not be required to perform the first article foundry or process
qualification tests.

3.1.4 First production casting. Unless otherwise specified (see 6.2), the
1st production casting shall be examined and tested for conformance with the
requirements of this specification (see 4.2.2. 1).

z Y [} I T S — — e TVS e A A IS YO € 2 Ahl e VY b | ~

DeleD ri1rst vime LI'OQUCGI'S. F1rST tvim pxouuuelb Ol eltner LiLass 1 or
Class 2 armor wishing to qualify to this specification should follow the
instruction in 6.7.

3.2 Acceptance requirements.

3.2.1 Chemical composition, heat treatment, and processing. The ladle
analysis of all heats shall be within the limits established by the contractor
and shall conform to the requirements of table I. The heat treatment and
process of manufacture shall be such as to produce cast armor that will meet

the requirements of this specification. Any deviation from the established

heat treatment or process of manufacture shall be approved by the procuring
activity.

:lared chemical composition.

(e]

TABLE I. Maximum ranges and limits for de

H

Element Maximu

2]

a ange Maximum limit
for declared chemical analysis

percent percent
Carbon -——- . 30
Manganese; Up to 1.00% 1/ incl. .30 -
Over 1.00% .50 -—-
Phosphorous -— ---3/
Sulfur - -—72/
Silicon .50 -
Nickel .70 ——
Chromium; Up to 1.50% 1/ incl. .50 ——
Over 1.50% .70 _——
Molybdenum .20 -—-
Vanadium .10 -
Copper .50 _—
Others (additives such as
deoxidizers etc.) )
_____ — ___2/

1/ Average of declared range.
é/ To be reported as amount added.
3/ Phosphorous and sulfur should be controlled to the lowest attainable
levels, and actual percentage of each melt shall be reported but in no case
shall the combined phosphorous and sulfur content exceed 0.06 percent for
Class 1 or Class 2.

4
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3.2.2 Processing controls.

3.2.2.1 Heating after final heat treatment. Unless otherwise approved by
the procuring activity, heating above 3150C (600°F), shall not be
performed after the final hardening and tempering operation or after post weld
stress relieving except as provided in the approved welding procedure.

3.2,2.2 Edge preparation. Edge may be thermally treated after final heat
treatment provided the procedure is such that no cracks develop on any

thermally-cut edge. Edges shall be inspected for cracks in accordance with
4.6.2.7 or 4.6.2.8.

3.2.2.3 Repair welding. Repair welding on castings produced under this
specification, including repair of core-drilled holes shall be performed in
accordance with the applicable requirements of Appendix B, and tested in
accordance with 4.7.5.1.

3.2.3 Mechanical properties.

3.2.3.1 Hardness. The hardness or average hardness of each casting (see
4.6.2.4.1), test blocks or test bars (see 4.6.2.4.2), or Charpy impact
specimens (see 4.6.2.5) shall fall within the applicable range shown in table
ITI for the applicable thickness.

TABLE II. Hardness requirements.

Casting thickness Armor Brinell Rockwell-C
specified - inches Class hardness hardness
limits limits
(HB) (HRC)
(3000-kg load)
1/4 to 1-1/4 incl. 1 302-352 %2.1-37.8
1/4 to 1-1/4 incl. 2 241-293% 22.8-30.9
Over 1-1/4 to 2-1/4 incl. 1 269-321 27.5-34.2
Over 2-1/4 to 3-3/4 incl. 1 255-293 25.2-30.9
Over 3-3/4 to 5-3/4 incl. 1 229-269 20.3-27.5
Over 5-3/4 to 8 incl. 1 207-248 18.3-24.1

3.2.3.2 Impact resistance. The average V-notch Charpy impact resistance
shall meet the requirements shown in table III for the applicable hardness
where the hardness is determined on the Charpy test specimens of each block or
production test bar. When interpolation is necessary, use a linear
interpolation between the tabulated charpy impact values.

3.2.4 Ballistic requirements for Class-l armor. Ballistic requirements for
Class-1 cast armor shall be in accordance with Appendix A. Class-2 armor
shall not be subject to ballistic requirements.

3.2.4.1 Ballistic testing of production castings. The frequency of
ballistically testing production castings shall be specified in the applicable
contract or drawing or order (see 6.2).

3.2.5 Weight and dimensions. The weight and dimensions of the castings
shall be as specified on the applicable drawings or in the contract or order
(see 6.2 and 6.3).

5
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3.2.5.1 Permissible variations. Unless otherwise specified on the drawing,
the thickness tolerance and the weight tolerance shall be in accordance with
Steel Castings Handbook (supplement 3) and shall indicate tolerance limits in

one direction only. The absence of a tolerance in the other direction does
not mean a limitation of zero tolerance. The plus tolerance for thickness
shall be controlled by the weight limitations, and the minus tolerance for
weight shall be automatically controlled by the limitations on thickness.
However, if the official weights have not been established and specified for
the welghts of any castlng should not vary by more than 5%

3.2.6 Radiographic inspection. Radiographic requirements for production
castings shall provide the necessary coverage to the extent specified on the
position chart, drawings or contract (see 6.2). Armor casting shall be

wTT

classified in accordance with MLL—DLU-LdoD.

3.2.6.1 Radiographic requirements. Each casting subjected to radiographic
spection shall be legibly and indelibly marked "RT" to assure positive

3,2.6.2 Alternate method of inspection. When agreed upon between the
procuring act1v1ty and the producer, ultrasonic inspection may be used in lieu
/
\

A

o \
see 4.6.2.10).

of raulograpn ¢ in 18pect tion

3.2.7 Magnetic particle inspection. When specified on the drawing or in
the contract, (see 6.2) magnetic particle inspection for production castings
shall be performed in accordance with 4.6.2.7.

3.2.8 Liquid penetrant inspection. When specified on the drawing or in the
contract, (see 6.2) liquid penetrant inspection shall be performed in
accordance with MIL-STD-6866,

3.2.9 Workmanship. When visually inspected, the surface of the finished
casting shall not exceed the linear discontinuities open to the surface as
defined in 3.2.9.1 or 3.2.9.2.
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or SP-55 as the acceptance criteria, or any other established visua
acceptance criteria.

—

3.2.9.2 Machined surfaces. Machined surfaces shall be free of rejectable
defects. Specific machined acceptance criteria critical to individual parts

shall be addressed on the part number ordering data or part number quality
assurance provision (QAR).

4. QUALITY ASSURANCE 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 as 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

7
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requirements specified herein, unless disapproved by the Government. The
Government reserves the right to perform any of the inspections set forth in
4+ mvrand £33 An PR

this specification where such inspections are deemed necessary, such as

radiographic inspection of welds, to assure supplies and services conform to
prescribed requirements.

4.2 Classification of inspection. The inspection requirements specified
herein are classified according to 4.2.1 and 4.2.2.

A 21 T3 e
SGel el LLLS

4.2.1.1 Class-1 armor. When specified (see 3.1.1, 6.2) Class-1 armor flat

cast or machined flat test plates samples, representlng the cast steel
produced to the requlrements of this specification, shall meet the chemical,

ballistic (see Appendix A) and mechanical properties when tested in accordance

with table IV. Cast simulated weld-repair plates shall be prepared in
accordance with Appendix B. Unless otherwise specified (see paragraph 3.1.1,
6.2, 6.2.3.1), the first article ballistic test shall not be required provided

(a) the manufacturer, within 37 months, has produced acceptable plates within
the same nominal thickness ranges of table C-1, P. 47, and (b) his production
conditions are the same as for previously accepted plates. Neigher first
article nor acceptance ballistic tests will be required for plates ordered to
thicknesses of more than 6.25 1nches. Acceptance of thlcker plates will be

haged An mae
vascl Oii [ee

4.2,1.2 Class 2 armor. When specified (see 3.1.2 and 6.2) class 2 armor,
cast simulated weld-repair test plates shall be prepared in accordance with
Appendix B. The cast simulated weld-repair plates shall represent the cast
steel produced and meet chemical and mechanical properties specified in tables
I, IT and III when tested in accordance with table IV,

4.2.2 Quality conformance inspection. Quality conformance inspection for
acceptance of production castings (see 3.2) shall be performed on the sample
castings selected in accordance with 4.4. This inspection shall include the
examinations of 4.5 and the tests of 4.6.2 (see table IV),

4.2.2.1 1st production casting inspection. Unless otherwise specified (see
6.2), the 1st production casting inspection shall be required. This
inspection shall include the examination of 4.5.1, 4.5.2 and tue tests of
4.6.1 (see table IV). Failure of the first production casting to pass the
examination or any of the tests shall be cause for reJectlon.

4.2.2.2 Mechanical properties tests on Class-1 production castings. On
Class-1 first production casting submitted for ballistic evaluation, weighing
2,000 pounds or more and greater than 3 inches in thickness, one core sample,
measuring 1-1/4 inch diameter by "T" long, shall be taken from the location
where the thickness of the casting is equal to or greater than the Charpy
impact test block thickness, or as agreed upon between the manufacturer and
the procuring activity. Thereafter, a core sample shall be taken from each

production casting submitted for ballistic testing (see 4.6.2.9).

i 4

J
ng
1r i85

-

L S - ~\ LY 3 P . 1 o 5=
1lIled (see ©.<) & 10T shall consist 01 all

t—-i
(3

0

2
4 U
Q +h
S 1%

Fh e

.
+4
v

t
(@]

le¥:-)
va

4.4 Lot sampling.
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TABLE IV. Instructions for testing Class-1l and Class-2 armor.

Requirement
Applicable to
Class Class 747 Specification Paragraph Reference
Characteristics 1 2 Requirements No. of tests Test Method
Visual Inspection
Workmanship
First Article
(a) TFoundry qualification X X 3.1.1 4.1 Appendix C
(b) 1lst production casting X X 3.1.2 4.1 4.5 & 4.6
Production castings (ongoing) X X 3.2 4.1 4.5 & 4.6
Weight & Dimensions
First Article
(a) Foundry qualification - e A
(b) 1st production casting X X 3.2.5 4.4.1.2 4.5.2
Production castings (ongoing) X X 3.2.5 4.4.1.2 4.5.2
Chemical Composition
First Article
(a) Foundry qualification X X Appendix C Appendix C Appendix C
(b) 1st productlon casting X X 3.2.1 4.4.2.1 4.6,1.1
Production castings (ongoing) X X 3.2.1  4.4.2.1 4.6.2.1
Charpy Impact
First Article
(a) Foundry qualification X X Appendix C Appendix C Appendix C
(b) 1st production casting X X 3.2.3.2 4.4,2.3 4.6.2.4
Production castings (ongoing) X X 3.2.3.2 4.4.2.3 4.6.2.4
Hardness
First Article
(a) Foundry qualification X X Appendix C Appendix C Appendix C
(b) 1st productlon casting X X 3.2.3.2 4.4.2.2 4.6.2.5/4.6.2.6
Production castings (ongoing) X X 3.2.3.2 4.4.2.2 4.6.2.5/4.6.2.6
Ballistics
First Article
(a) Foundry qualification X - Appendix C Appendix C Appendix C
(b) 1st production casting X - 3.2.4 4,2,2.1 4.6.2.9
Production castings (ongoing) X - 3.2.4 4.4.4 4.6.2.9

e
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TABLE IV. Instructions for testing Class-1 and Class-2 armor (Cont'd).
Requirement
Applicable to
Class Clas Specification Paragraph Reference
Characteristics 1 2 Requirements No. of tests Test Method
Weld Certification & repair
First Article
(a) Foundry qualification X X 1/ 3.2.2.3 = ee--- Appendix B
(b) 1st production casting X X 3.2.2.3 o ——e—- Appendix B
Production castings (ongoing) X X 3.2.2.3 mm=e= Appendix B
Radiography
First Article
(a) Foundry qualification X X 3.2.6 4.4.2.3 4.6.2.6
(b) 1st production casting X X 3.2.6 4.4.2.3 4.6.2.6
Production castings (ongoing) X X 3.2.6 4.4.2.3 4.6.2.6
Ultrasonic Inspection
First Article
(a) Foundry qualification X X 3.2.6.2 4.4.2.5 4.6.2.10
(b) 1st produ ctlon casting X X 3.2.6.2 4.4.2.5 4.6.2.10
Production castings (ongoing) X X 3.2.6.2 4.4.2.5 4.6.2.10
Magnetic Particle Inspection
First Article
{(a) PFoundry qualification X X Appendix C Appendix C Appendix C
(b) 1st production casting X X 3.2.7 4.4.2.4 4,6,2.7
Production castings (ongoing) X X 3.2.7 4.4.2.4  4.6.2.7
Liquid Penetrant Inspection
First Article
(a) Foundry qualification X X Appendix C Appendix C Appendix C
(b) 1st production casting X X 3,2,2 m—aee 4.6.,2.8
Production castings (on going) X X 3.,2,2 mmeee 4.6.2.8
NOTE: 1/ = Class 2 armor weld-repair plates do not require ballistic testing.

!
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4.4.1 Sampling for examination.

4.4.1.1 Visual. Unless otherwise specified (see 6.2) all production
castings shall be visually inspected.

4.4.2 Sampling for acceptance tests.

4.4.2.1. For chemical analysis. Unless otherwise specified (see 6.2) one
sample shall be taken from the melt (heat analysis), the casting, or the test
coupon representing the casting, as long as this sample represents the heat.
Chemical analysis shall be performed in accordance with the applicable method

elillecd alla Si2all reaaVIUC8 (=1 82620 0 4 aa Wa Vil VAT paaa VAT viiva

specified in ASTM A 751 (See 6.10).

4.4.2.2 For hardness and impact tests on blocks and bars. Unless otherwise
approved by the procuring activity, each "lot of castings shall have one

impact test bar consisting of two 10mm x 10mm impact test specimens. The
impact test specimen may be removed from test coupons (See figures 1 and 2 for
9x9xT test coupgn) or from sections of the castings where the thickness is
equal to or greater than "T" defined on the drawing, etc.

«4.2.3 For radiographic examination of Class-1 and Class-2 production
castings. Radiographic examination shall be in accordance with required
drawings.

4.4.2.4 For magnetic particle examination of Class-1 and 2 production
castings. Magnetic partlcle inspection shall be in accordance with drawing
requirements.

4.4.2.5 For ultrasonic examination of Class-1 and 2 production castings.
Itrasonic 1nspeCt10n shall be agreea upon between the procuring activity and
ha ~

< 2

U
tlt
4.4.3 Sampling for hardness of castings. Unless otherwise specified (see
6.2) sampling for hardness shall be in accordance with table V. The number of
hardness tests required on each casting sample is specified in 4.6.2.4.1.

r n.

TABLE V. Sample Size.

No. Of No. of

Lot sigze Castings Lot size Castings
2-5 All 27-36 11
6-8 6 37-51 12
g-11 7 52-82 13
12-15 8 83-162 14
16-20 9 163-971 15
21-26 10 972 and over 16

Acceptance number is O

4.4.4 Sampling for ballistic tests for ongoing production castings. The
frequency of ballistically testing production of Class 1 castings shall be as

specified in the contract or drawing.

=]
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4.5 Examination.

4.5.1 Visual.

A [ =y - = KN 3 o ~ ~ —~ .

4.5.1.1 Casting defects on non-machined surface. The surface of finished
raoatinca ahol)l ha € rman AF T3 oman AL ammm O R I N B T S ma
Ca811INgS 8ina8.1 ©O€ 1Iee 01 linear discontinuities open 10 itne sSuriace. lne
degree of acceptable surface roughness and discontinuities shall be as agreed
upon between the contractor and procuring activity using ASTM A802, or SP-55
as the acceptance criteria, or any other established visual acceptance
criteria.

4.5.2 Weight and dimensional tolerance. Armor casting samples shall be

inspected to determine conformance to the weight and dimensional toleran
requirements (see 3.2.5 and 3.2.5.1).

4.5.3 Packaging, packing and marking. Preparation for delivery shall be
examined for conformance to section 5.

4.6.1 First production casting tests. First production castings shall be
subjected to chemical analysis test, hardness and impact tests in accordance
with table IV. When specified, magnetic particle inspection and liquid
penetrant inspection shall be performed in accordance with 4.6.2.7. When
specified, Class 1 castings shall be ballistically tested in accordance with

A Adiw A
ADpEnaix A.

4.6.1.1 Chemical analysis, cross-sectional hardness, impact, magnetic
particle inspection and ballistic tests. Chemical analysis, cross-sectional
hardness, impact, magnetic particle inspection, liquid penetrant inspection
and ballistic tests (for Class-1 only) shall be conducted as specified in the
applicable acceptance test paragraphs under 4.6.2.

4.6.2 Acceptance tests (on going production castings).

4.6.2.1 Chemical analysis. Chemical analysis shall be conducted in
accordance with the applicable method specified in ASTM A 751(See 6.10). The
analysis shall comply with the declared composition established in accordance

Lo om

with the requirements of Table I (see 3.2.1)

4.6.2.2 Heat treatment of test blocks for mechanical properties tests. A
test block 9" X 9" X "T" in size shall be attached to the casting and shall
accompany the castings which they represent throughout the hardening and
tempering cycle. Blocks shall be so placed that their cooling rate during
quenching shall be comparable to that of the casting or castings represented.

If the castings are of a design and mass such that the cooling rates would be
r n +h nf +

t samples representing these castings, the samples may
quenched separately under similar quenching conditions to the same final
temperature + 200F as the casting when it is heat treated subject to

approval of the procuring activity.

ngao a
0S€e 01 Uiie
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4.6.2.3 Charpy V-notch impact test. At least two Charpy V-notch 1mpac
specimens shall be taken from each impact te r
production casting test bar as described in 4.6.2.3.2.1

s
4KD'Z’J 4.
applicable, and shall be prepared and tested in accordance with AS
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Charpy machines used in testing shall have been proof tested (calibrated)
within one year prior to the time of inspection testing (see 6.9). The
average of two or more test specimens should be at least the minimum average
value as specified in table III with no individual value lower than 20% of the
minimum average value specified in table III.

A AR D Z 1 T.
Tevele /o ad

4.6.2.3.1.1 For blocks up to 2 inches in thickness. For blocks up to and
including 2 inches in thickness, specimens shall be taken from the block at a
location such that the vertex of the notch is at a location midway between the
top and bottom surfaces of the block and at least 2 T from any quenched edge.
When, at the optiom of the manufacturer, blocks thicker than that specifie
the casting drawing are substituted, the specimens shall be taken from the
block at a location such that the vertex of the notch is at a location 1/2 T
from the top or bottom surfaces, where "T" is the casting thickness specified

in the drawing.

A~
vl

Cb

4.6.2.3.1.2 r blocks over 2 inches in thickness. For blocks over 2
,,,,,, A Yo o o & s W I ) h T I T PR S h PR T PR e - & P NN
1ncnes lLl 1nl1cKness, 3sSpecimens Snali De LdKell 8auv a jiocavion sucun viaauv e
wvvartoavy Af +ha nntnh 30 e+ loscsaot Ana inn fram +he +tAan oand hat+tnam anrfarece nf
vertex ¢f the ncoctch is gt legst cone inch from the top and bottom surfaces of
the block and at least 4 inches from any quenched edge.

4.6.2.3.1.3 For test bars taken from un-heat treated test blocks or

production castings 2 inches or greater in thickness. At the option of the
manufacturer, specimens representing casiings Z inches or greater in thickness
may be taken from a test baf, which is heat treated within a heat urea‘u:ing
block as shown in figures 1 or 2. Test bars shall be equivalent in length to
the casting thickness they represent. Test bars shall be inserted in and
fixed to the test block in such a manner as to prevent the quenching medium
from contacting the sides of the test bar. The location and orientation of

specimens in production casting test bars shall be as shown in figure 2.

s Y s - ¢ a ™ 2 1 £y s 1 ~ £y ry 1 A LY 2 4 - 1
4.D0eceDeleq rFor tTesStT pbars taken irom unneatv itreatea tvesSt DIOCKS Or
wwrmAadisAatdAarm Aanaddinan Tama +ham 2 dmahac 4% +hs Alrvaaa Ad +ha AntiAan AFf +haAa
y.l. vuuL vivil vao bLLJﬁD l1Coo vilail < 111V iiTo 411 VLU DNDIITOO e nouv LuT vpvavu Ul viic
manufacturer, specimens representing castings less than 2 inches in thickness

may be taken from the production casting or from a test bar which is heat
treated in a heat treating block, as shown in figure 1 or figure 2. Test bars
shall be of sufficient length that the required number of samples may be
obtained therefrom. Test bars shall be inserted in and fixed within the heat
treating block in such & manner as to prevent the quenching medium

contacting the sides of the test bar.

Ef

edium fro

4.6.2.4 Brinell hardness tests. Brinell hardness (HB) specimens shall be
prepared and tested in accordance with ASTM E10. Readings shall be taken
below the decarburization level. Readings on depth of decarburization shall
be specified on the contract or drawing.

no
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ings Castings we ing m
pounds shall be subj ; ast two Br;nell hardness tests, and c¢
weighing 300 pounds or less shall be subjected to one hardness test. Surfac
hardness tests shall be made at a location where the thickness is

approximately the same as the specified thickness of the casting.
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4.6.2.4.2 Hardness test on test blocks or test bars. Except as provided in
4.6.2.5, each block or bar from which impact test specimens are taken shall
have a cross-section hardness check made upon it. For blocks 1/4 inch to 2

inches in thickness, two hardness readings shall be taken at a location midway
between the quenched surfaces of the block and at least one "T" from any

guenched edge. For blocks or bars greater than 2 inches in thickness, at
least two hardness readines shall be taken at g lagecation nogt lags tharn 1 inch

v AALA A A AL WA A UGN LR AJAACA e A Vo vanvii awv a AVvaQAuvduUull LIV UL ATOO viiau 4o diiC 1l
from both the top and bottom surfaces.

4.6.2.5 Hardness test on impact specimens. At the option of the
contractor, at least two Rockwell-C hardness tests may be made on each impact
test specimen samples from each lot, in lieu of the cross-sectional hardness
2w A L D AN Whar 4+hdca mmamnaditmas o €A77 Avend +han wmacmisldoa A€ A1 bmmdm A Vo
dil GeVeloGecC e wIilell LIILD FLUUUUMLU 10 1ULLURWTU, VIIT L TOUL LD Ul ald LES LD LaKen
from each lot shall be averaged, and the average obtained shall be compared to
the applicable HRC in table II.

4.6.2.6 Radiographic inspection.

.6.2. Qualification of inspection personnel. Radiographic inspection
. | —~L _ 11 T P . N P iy, RN et Ale WMTT QMM AN mu P B
personnel sSnail ove quallxleu in ubuuxuuuu WLULIl MAu=D1llU=41V, i11e vesiving
acanny aholl ha AnalifFfiond in ennardanna wit+h AQMNV 1EAR
QBULJUJ DilQ A i e LiuGlJ.-LL.LUu A4 avuvvivauve WA Vil W aid M T/ e

4.6,2,6.2 Inspection of production castings. When required radiographic
inspection on production castings shall be performed in accordance with the
requirements of the applicable drawings or contract. Unless otherwise
specified, for inspection frequencies specified in ratios (1 out of 30, 1 out
of 50, etc.) failure of the selected casting(s) to meet the radiographic
acceptance standard specified on the drawing shall require the remainder of
the lot which the inspected casting(s) represents to be inspected in

accordance with MIL- STD 105, Inspection Level S-4, 6.5% AQL.

4.6.2.6.3 Control of radiographic equipment. Control of radiographic

equipment, penetrameters, radiographic film, identification and records of
inspection shall be performed in accordance with MIL-STD-453 or ASTM E 94,
ASTM E 142 and ASTM E 543,

4.6.2,7 Magnetic particle inspection. When magnetic particle inspection is
specified on drawing or contract (see 3.2.7) it shall be performed in
accordance with ASTM E 709. Acceptance and rejection standards shall be as
specified on the drawings.

4.6.2.8 Liquid penetrant inspection. When liquid penetrant inspection is
specified on drawings or in the contract it shall be performed in accordance

with type II, methods A, B or C of MIL-STD-6866.

4.6.2.9 Ballistic testing of production castings. When specified on the
drawing or contract, (see 6.2) ballistic testing of Class 1 production
castings shal :
s

.,
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4.6.2.10 Ultrasonic inspection. When required, castings shall be
ultrasonically inspected in accordance with ASTM A609., The level of

acceptance shall be agreed upon between the contractor and the procuring
activity.
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4.6.3 Reduced testing. At the discretion of the procuring activity, the
amount of testing may be reduced provided that results on consecutive lots

indicate that a satisfactory uniform product meeting the testing requirements
A dlmd mm mlemon o A mmdaminle ~wm wmmanammac will ha mada her 4 wrand A

anu  vaay (v clianges LU uavelilals Ul PILUCEO0C0 Willd VT Iauc Uy VLT VOUlIUU L .
Reduced testing shall be in accordance with a gystem previocusly approved or
established by the procuring activity involved.

4.7.1 Rejection. Where one or more test specimens fail to meet the
requirements of this specification the lot represented by the specimen or
ananimnarna ahall ha anthdiant +A madantinn

DPU\JJ.U.IUL].D olicaad 4 Vo Duudcu v vv LU’JCV Viad\Jile

4.7.2 Resubmitting new first article test sample. To obtain first article
approval, the supplier shall submit a new first article test sample for each
sample which fails to meet the requirements of this specification.

4.7.3 Retests for impact resistance. Acceptance retests will be
vt mnthlAa dwm ammasmAdanman widh A T X1 A at +ha AntdiAan AFf +ha mannfantiiman
PCLW;bbLUL L1il QUUULUAQLICT WL VLl SFefe /edi Uly av ViIT UpuLivir vl V1iT IUQIIUL QLU VULT Ly
individual casting or parts of a lot may be submitted for acceptance. When
this latter practice is followed, all castings represented by samples yielding

acceptable test results shall be considered acceptable. For batch-type

furnaces, a sample shall be considered to represent a casting if it is heat

treated with the casting or if both received the same heat treatment, except

that castings heat treated with the sample which do not meet the requirements
Y

ahall wmAad A 3 .mA 2 AAA TAm AnnttmnisAalra dwrna NanAaa raimantahla aeamnla cho11
Siilad L 1V v v irLuae uucu - oL CULdviliuvuo D.y yc Uuiliiauwcoy LeJvvvavaico QoaQil e AiCR A A
be considered to represent all castings heat treated subsequent to the last
acceptable sample and prior to the following acceptable sample.

4.7.3.1 Retests of castings showing low impact resistance after reheat
treatment. At the option of the contractor, castings showing low impact
resistance may be retested after reheat treatment in accordance with the
requirements for original testing. bastlngs which are retemperea only to meet
it .

_________________ =11 [ M P _. EN J. 4~
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4.7.3.2 Retests of castings showing low impact resistance (by taking
additional specimens from the lot under consideration.) Castings showing low
impact resistance may be retested at the option of the manufacturer by taking
additional specimens from the lot under consideration. These additional
specimens should be distributed as unlformly as possible among all the samples

_ - s 1 / [ _ N
of the lot. The average from the lot {prior specimens and additional
ananimanal ahall ha mada+arminad +h avant +hot+ 3+ 0 imnnocoihla +r\
chb;mcuo; QdiaQ .l i ve LA CUT VO AL WMLLITU e A AL L"E 24— Crvouv viicaa v - v -~ AUl pULD L Vi
obtain additional test specimens from samples or test bars, specimens may be

thickness of which is equivalent to the specified casting thickness. If the

average from the lot, after redetermination, is less than the minimum average

value specified in table III or if any individual value is lower than 20% of

he minimum average value specified in table III, the 1ot represented shall be
RS- |

eject

+

2}

4.7.3.3 Retest of production casting test bars. In the event that a
production casting test bar fails to meet the impact requirements, one
additional sample may be taken from the casting involved. The results of all
values (i.e., from first and second test) shall be used in determining the
acceptability of the casting. The individual castings which have been so

18
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tested and found not to meet the impact requirements shall be rejected. In
addition, additional impact specimens shall be taken from the remainder of the
lot in accordance with the sampling provisions contained in table V. Failure

to meet the acceptance number shall result in rejection of that lot of
castings.
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.7.4 Ballistic retests of produ stings. When a production casting
fails to meet the ballistic test requirements of Appendix A, the casting
involved shall be subject to rejection Failure of any Class-1 casting to
meet the bal i ppendix A to this specification shall

fallure under the ballistic test.

4.7.4.1 Shipping of castings from the producing facility. No casting of
the pattern involved shall be shipped from the producing facility until the
first otherwise acceptable casting has passed the ballistic tests (see 3.1.1).

4.7.4.2 Ballistic retesting of a lot represented by the Class 1 castir
exhibiting ballistic performance below the requirements of Appendix A. At the
option of the contractor, a lot represented by the castings exhibiting
ballistic performance below the requirements of Appendix A, may be retested
ballistically after reheat treatment.

128
=)

4,7.5 Casting surface repair. When prcduction castings fail to meet the
surface quality requirements (see 4.5. .l and 4.6.2.7), they may be repaired
at the option of the contractor by grinding, air-arc scarfing or welding.

4.7.5.1 Casting repair by welding. Prior to repair welding, all procedures
and welders shall be qualified in accordance with Appendix B. All weld-repairs
shall be visually inspected. The weld deposit shall be ground to blend into

the surrounding area to provide a smooth uniform surface to support the visual
i“S“eCtlon process. Questionable indications shall be subject to magnetic
rticle or liquid penetrant inspection. The inspection area shall include the

weld deposit and one inch from the weld deposit to assure freedom from cracks
in the heat affected zone. The inspected area shall be free of cracks and lack
of fusion open to the surface. Indications less than or equal to 1/8 inch

shall be considered non-relevant. If magnetic particle inspection is specified
on the drawing, all repair welds shall be magnetic particle inspected. The
acceptance criteria on the drawing rather than those specified herein shall
anpnlv Radiogranhv is avpplicable to the extent specified in B-30.2.7

apply. adiography is applicable to the extent specified in B-30.2.7.

5. PACKAGING

5.1 Preservation, packaging, paoklng, and marking. Preservation,
ackaging, packlng, and marking shall be in accordance w1th the packaging data
he r the require tection specified (see 6.2).
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5. 2 Marking. qu ting a i
\ 3 itely identify the castings wi
inspection and test reports and with sh ing documents in accordance wit
MIL-STD-129.
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6.1.1 Class 1. Class 1 cast armor is intended for use in those areas where
maximum toughness and maximum resistance to penetration by armor piercing type
of ammunition is required.

L 1 i) n Py n
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istance to fai
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cast armor is intended for use

2. 2 i
lure under conditions of high rate

1
maximum resi
4

i 8 of shock loading
is required d where resistance to penetration by armor piercing ammunition
is of secondary importance. It is for nrotectlon against anti-tank land

mines, hand grenades, bursting shell, and other blast-producing weapons.

6.2 Ordering data.

Vg ~ hl A - - e d aea g [ R I A - = amm e xwe P R S, =l - ._..13 PR I . N, el
O.,ce 1 ACQuUlBition reguiremenis. ACJQuisSlivionl GOoCulenivs 310ulu [pecClily vie
fAallnwing:
LVJ.-LV"J.JLE.

(a) Title, number and date of this specification.

(b) Class of armor required (see 1.2).

(¢) 1If first article is required (see 3.1 and 3.1.3).

(d) 1If qualification of foundry process is not required

(see 3.1.1.1).

JAPRAY TL Lo d o D AL L2 i h e A A At ad .23

\e) 11 tTesSivlng Ol1 tne I11rst proaucuvion casving 138 nov requliread
(see 3.1.4, 4.2.2.1 and 6.2.3).

(f) Weight and dimensions of castings (see 3.2.5 & 6.3).

(g) Whether patterns are to be furnished by the casting manu-
facturer or the Government, and provisions for final ownership
of the patterns.

(h) If magnetic particle inspection is required (see 3.2.7).

/s \ o . - N

(i) If liquid penetrant inspection is required (see 3.2.8).

() If g different lot size is reguired (aaa A Z)

\J/ Ll a UdllTicill 11UV S1l4e 1o ITHULITU \OTCT HGe /e

(k) If different sampling for examination is required see (4.4.1).

(1) If different sampling for acceptance testing is required
(see 4.4.2.1, 4.4.2.2, 4.4.3, and 4.4.4).

(m) If ballistic testing of production castings is required
(see 4.6.2.9).

(n) If different rejection and retest requirements are needed
/ s N\

(see 4.7/).

[~ Darsisd maman + LA —d Mmoo md Lo ALV LVl o LA AL

\OV/) nchLxcmeUL 100 auv ledasSt Lwo uilermocouplde 1oles 100 eacll
casting selected for low-temperature ballistic tests)

(see A-40.2.1).

(p) Selection of method and applicable method of preservation and
packaging and level of packing of referenced specification
(see 5.1).

< T N o mam siand mmm o 4 LIl man el 2 o o mm S O e o A2 e 2 i St LS
Ve Laltd I'teuUllClelilsS. wiiern ULIlls Specliicdurlioln 18 used 11l an aCqulislivlo
and data are required to be delivered, the data requirements identified below
shall be de vploped as specified by an approved Data Item Description (DD Form

1664) and delivered in accordance with the approved Contract Data Requirements

List (CDRL), 1ncorporated into the contract. When the provisions of‘DOD FAR
Supplement, Part 27, Sub-Part 27.410-6 (DD Form 1423) are invoked and the DD
Form 1423 is not used, the data specified below shall be delivered by the

contractor in accordance with the contract or purchase order requlrements
MAalasramneahl s Jadan wemassed aea Tier 4l 2 o mm e a2 02 A PR PR . | 2 4. - OV o
veiiveravie g4avda chulzeu 9) Lirs sSpecii11Caivioll dre citved lH Lvlie lOlLOWll
paragraphs.
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Paragraph no. Data requirement title Applicable DID no. Option
B30.1 Qualification Data UDI-H-23384
Welding Procedure
B30.1 Certification, Welder DI-H-24029
Quelification
3.1.1, 3.1.2, Armor Material Test DI-MISC-80073 Format I
A-40.2 Reports
(Copies of data item descriptions related to this specification, and
identified in section 6 will be approved and listed as such in DOD 5010.12-L,
ATSDL, Copies of data item descriptions required by the contractors in
connection with specific acquisiticon functions should be cbtained from the
Naval Publications and Forms Center or as directed by the contracting officer.

6.2.3 First article. When a first article inspection is required, the item
will be tested and should be a first article sample, a first production item
(a sample selected from the first casting production items) (or it may be
a standard production item from the contractor's current inventory as specified

;v A 2 2 1) Mha 4 vat ar+inla oahAanlA AAarnad ot A'P (n o\ (+!.lf\\ ot~ 1\711'1'(@\
ALll el el oL /o 4lIT 1110 U GL UlUd4T OlivULU LUl Lo v \VIIT /9 \UWU /9y T UL e ULIL U\
The contracting officer should include gpecific instructions in acquisition
documents garding arrangements for examinations, test approval of the

re
documents first article.

6.2.%5.1 Special first article ballistic test. Special First Article
Ballistic Tests are required when the manufacturer changes either the melting
mrmAanandiirma Av haot +voantmant Ar +he Aonloarad Arhamiactryry AFf +ha armar
PL bcuu;c vl idlca v viTQa uiiucii v v i viaic uuua.u wu Al LA D ULJ Vi Vil CALIUV L o

6.3 O0Official weight. The official weight of the casting may be
reestablished at any time considered necessary for the improvement of military
characteristics (see 3.2.5 and 3.2.5.1).

6.4 Thickness. The symbol "T" is used to indicate the thickness of plate,
Av A€ Anatinnoa o+t +ha ann~atiAan AAanAanavrnaAd anA Anvrvroananda +A +haot TnAiAantald An
vl vl cao OLIIED av Vil OoTU LVl \/Ullbclllcu, alilud \SA VY &CD}IUI‘\AD v viia v il Lo v u it
the drawings as the Charpy-impact-test-block thickness.

6.5. Position chart drawing. A position chart drawing is a drawing that
will be supplied by the procuring activity involved, as one of the applicable
drawings to a casting. It will show those areas to be radiographed, the
radiographic standards which apply, and the frequency of radiographic testing.

6.6 Ownership of ballistic test plates. First article test plates are the
property of the government if they meet the minimum ballistic requirements of
the specification. Otherwise, ownership remains with the manufacturer. The
manufacturer must make arrangements if return of plates is desired.

6.7 Potential suppliers. Potential suppliers who have not previously

s T d mAd mncd oA +A +hda arandifiantiAarn arnAd waiah +4A haowvra +Fhhas mn+hn€n1

UPP.L.LUU cas v aliivi vy LvilL O DPC\/.L.L Leavaivil ailu wioil vuU liavco virca L HmavcociLiLad

“1listically tested, may do so at their own expense. It is recommended that
niries for such testing be directed to Commander, U.S. Army Combat Systems

Activity, ATTN: STECS-AS-MI, Aberdeen Proving'Ground, MD 21005-5059.

? Definitions.

18
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6.8.,1 Homogeneous cast steel armor. Homogeneous cast steel armor is armor
having & uniform compcsition and heat treatment which satisfies the

requirements of thls specificsation.

6.8.2 Test blocks. Test blocks are representations of the actual
castings. They are of the same material and chemical composition.

6.8.3 Heat treating blocks. Heat treating blocks are holders for test bars
during a heat treating operation. They are made of steel with any chemical
composition.

6.8.4 Linear indication. For the purpose of this specification, a linear
indication is a length of three times the width.

€.9 Charpy specimens for comparison tests. Charpy specimens used for
comparison tests should be obtained from the local DSA (DCASR) office or, in

cas;s where DCASR does not have responsibility over a particular contract,
from the US Army Materials Technology Laboratory, ATTN: SLCMT-MSI-HMR
Watertown, MA 02172.

£ 1N adiman a
6.10 Chemical auulysls Suggested ASTM instrumental Methods th can be

ot
used for chemical analysis are E415, E282, E484 and E322. ASTM A751 should be
nsulted for a list of available methods,

1]

$§.11 Metric units. When metric dimensions are required, units for inch,
foot, foot-pounds and feet per second may be converted to the metric
equivalent by multiplying them by the following conversion factors:

Fneglish Multiply by Equals Metric SI unit

inch 0.0254 = metre (m)

foot 0.3048 metre (m)

foot-1b 1.355 = Joules

feet per second 0.3048 = metre per second (m/s)

Note: Conversion factors can be associated with ASTM E 380 entitled "Standard
for Metric Practice."”

6.12 Fadiographs. It is recommended that the procuring activity request
radiographs of the weld-repair plates when test data is prepared in accordance
with MIL-STD-367.

6.13 Changes from previous issue. The margins of this specification are
marked with vert cal 11nes to indicate where changes (addltlons.

This was done as a convenience only and the Government assumes no liability

whatsoever for any inaccuracies in these notations. Bidders and contractors

are cautioned to evaluate the requirements of this document based on tne
________ < ~ [ SR P o e e e o] -

entire content 1rle~peLL1ve of the muzg;ua; notations and rela
last previous issue.
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A-10 SCOPE

A-10.1 Scope. This appendix covers the requirements for ballistic testing
of cast armor. This appendlx is a mandatory part of the specification. The
nt

PR B S

information is 1
A-20 APPLICABLE DOCUMENTS

A-20.1 Government Docuuents.

4-20.1.1 Other government documents, drawings and publications.

A-30 DEFINITIONS
A-30.1 Fair impact.

A-30.1.1 Caliber .50 AP through 20mm APIT, 1602 tests. A fair impact is an

impact resulting from the striking of the test plate by a projectile in normal
£l a0+ (+wn avrnsaasyvae wout s cazme A_ZN 1 Z) and gensratad Fram snathawn dmrant
1118607 1o excessive yawiiig, S€e€ A-)Hu.l.),) &8I0G4G Separavea irom andiner impaci
or the edge of the plate, hole, crack, or spalled area by an undisturbed area
of at least two test projectile diameters.

A-30.1.2 75mm AP and larger calibers. A fair impact is an impact resulting
fron the striking of the test plate by a projectile in normal flight (no

excessive yawing, see A-30.1.3) and separatea from another impa
4+ 4+
L %

ct or from the
4o~ “A'AAL
[ 2] LU jJeoeL

+ 3
v J
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P Taoo A
a 4E€as vllic

U

euge of pLdLe uu;e, cracK or upalled aresa
diameter of undisturbed area.

P

A-30.1.3 Allowable yaw.

Projectile type Allowable yaw (degrees)
Mol ZNO AD MO z
V8le JU AL, c 2
Cal. 50 AP, M2 3
20-mm APIT, M602 3
75-mm AP, M72 2
90-mm AP, M318 1.5
AL P Ny AL e e -~ AL [ U P S U PP I e 17 h P . | P A L
Al Lfe aiscrevion o ine itest aireCcior yaw caras will pe placeqa aiv rLargetl
loc atl ns (+arcet remaved) whencver voaw ia ananected +0 he nesr haordarline af
\ HBLBVU 4 Ciuwv vcu/ WLIITUT VO A «aw - Uuwrvv v s - v LA AL QA A MUALUCA il Vi

acceptability. Should excessive yaw occur or reoccur the weapon shall be
replaced or other appropriate steps will be taken to eliminate yaw.
Questionable rounds shall be reported as disregard.

A-30.2 Witness plate. A witness plate is normally a 0.014 inch thick sheet
of 5052 -~ H36 alumlnum alloy (or a 0,020 inch thick sheet of 2024-T3 aluminum
b bl a

23
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A=)U.D ompleélé penelraition, proveciion, Cr (rj.
A-30.3.1 For caliber .50AP through 20mm APIT, M6Q2. A complete penetration

occurs when the projectile or one or more fragments of a projecti le
or plate pass beyond the back of the test plate and perforate the witness
plate.

A-30.3.2 For projectile larger than 20mm APIT, M60Z2. A complete
marnatmatdiAan AnAntma whaAan AvAa A mAara FPuasmandta A€ a8 sematanddTa oA Tl Lo
PpPTlicilativil ULlLUuls WIiTH UL VUl wWulIcT 1lqagucies Ul a prygeceidae Or plave nas
been ejected from the rear of the plate as determined by visual inspection.

any 1mpact that is not a complete penetratlon.

A & 0T n L e as PRPSNEN nry /w\ o - s
A-DU.D frrotection pailistic l1limit, BL (F) Ior plates.

A=-30.5.1 Caliber 30 AP, M2 +hrnnuh 20 mm ADT'I‘ MEQ2 menetration test

PPAVIERS I R (=N 1 =3 § sad §j aaZ AN L4V AUV E plaas vas

BL(P) shall consist of an equal number of fair 1mDact complete and partial
penetration velocities attained by the up-and-down flrlng method. All BL(P)'s
shall be computed using the highest partial penetration velocities and the

lowest complete penetration velocities. Firing shall continue until either a
A ;A DYDY v e ea 3 o oA o I 1 o /)

4 ro0uwia pu\r) naving & maxlimum VeloCl1ily Spreaa 01 oU 1IpS Or a o round BL(FP)
having a maximum velocity spread of 90 fps has been attained, whichever comes
first in the normal sequence of firing. If both occur simultaneocusly, the 6

round BL(P) will be reported.

A-30.5.1.1 Zone of mixed results. 1In the event that the zone of mixed
results (difference between the high partial penetration velocity and the low
couplete penetration velocity, the PP(P) velocity being higher than the low
CP(P) velocity) exceeds 90 fps, the firing data will be compared with the
specification minimum acceptable ballistic requirements. If the lowest
complete penetration velocity is equal to or above the minimum specified
ballistic 1limit velocity for the plate thickness, the ballistic limit will be
computed on the basis of 4 or 6 rounds using the smallest possible velocity
he lowest complete penetratlon ve1001ty is below the minimum

y then testing will continue untli a ten
. .
L

~1
o4
rm
pap i3

o O

A-50.5.2 75 mm AP, M72 and larger caliber projectiles. For the purpose of
this specification, the protection ballistic 1limit is the average of four fair
protection criteria impact velocities comprising the first two lowest
velocities in the firing order resulting in complete penetrations and the
firat two h1phpq+ velocities in the firing order resulting in vartisal npene-

_____ est velocities in the ring order resulting partial pene
tration which meet the condition that the velocity spread for the 4 rounds
shall not exceed 100 tps. 1in the event that this BL(p) is within + 10 fps of
the minimum required BL(p) and the velocity difference between the high
part1a1 penetratlon veloc y anda the low complete penetration velocity (the
deLLdL peneira ng lower than the complete penetration
vb'lnnw'l‘v\ ig 30 X
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APPENDIX A
A-40 BALLISTIC TESTS
A-40,1 Ballistic performance of ballistic test plates,

A-40.1.1 Resistance to penetration at normal obliquity. A four- or six-
round VSO protection ballistic 1limit, BL(P) on cast plates 3 inches and
under in thickness and a four-round Vg BL(P) on cast plates over 3 inches

in thickness shall be determined at ambient temperatures. On cast plates over
+hemman STemalhan 2o 212 Aalicimnem~ dla Lacion emmzsemd AT e A A _ . L _ MM 4 N e

Lureec 4nClieds 10 wiidCAKIieSsS tiie iour-=rouna '50 prote'tlon D81118S11C 11mi1iv

shall be obtained by firing the first round while the cast plate is at o
temperature of -35 + 10C (-300 + 20F), The first round is to be fired

C 8
while the plate is at this temperature (see footnote "a" to tables A-I and
A~I1 on page 29). Other test conditions including the miniwmum ballistic limit
requirements are in table A-1.

0.1.2 Resistia 0 obligue . d V5o protection
helliatin Timi+t BI (DY o4 AL dapwana ~hlianditsr ~an DIAMPS Avam +hman tmahac 4
vVGQdddiOoVvaw Adduld o IRIN\NL ]y auv 4+ \LCSL CTCTO UU.L.I.\iu.L l-J » Vil LT unluavw AR A-PY VILLTT A1l LITO 441
thickness; shall be obtained by firing the first round while the cast armor is
at a teumperature =350 + 10C (-300 + 20F). The first round is to be
fired while the plate is at this temperature (see footnote "a" to tables A-I

and A-II on page 27). Other test conditions including the minimum ballistic
limit requirements are in table A-2. A 4 round BL(p) will be determined on
3-inch thick cast plates at 450 gt ambient temperature.

T

A_AN 1 T Ralldiat+in +oat nlatna owneatar +hean T Annhaa in +hinlbnaca

DTV ede o o VLo COO L r-l- LT 6& cavoal Viicidd J A dd N\ LLT D & il LHMAVIRIICO O @
Ballistic test plates greater than 3 inches in thickness shall have a 3 inch
diameter 1lifting hole at the center of the longest edge (see table C-I) with

the center hole positioned 3 -0.000 +0.500 inches from the edge of the plate.

A-40.1.4 Location of holes in test plates to house thermocouples. Two
‘0 thermocouples shall be drilled in each
t

a
ol

ne in
h h
h

ot

Fé3

o ¢ ) C
m
1'+ [{]

g is loca de
f 2 inches with a O. 539 1nch dlam
1/8 national pipe thread (NPT) 27-

used to finish the holes.

to pth

e ap drill, letter R and shall have a
x 3/8. A 0.339 inch bottom drill shall be

O 2+ W
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A AN 1 [ oy < - Lo P —~ PN SR ~ J T . | T o T A a2 A o~
A=4UedeD vorreculdlon 18Ciors eLerimilne e requlred palliStlcC iimit Ol
+n00t+ Nnlateoa Mho w»oanmits»ald hallasa+3in Tami+ AF antyy +nat+ nTlada +lha +hdAalrmnama ~F
Voo E.Luuuu. - il LC\iuJ.LUu VQdddovdae dlld o Vi G.I.AJ LTOL y.Lat.c, LILT LILALURIIT OO vl
which is between two consecutive tabulated thicknesses, shall be determined by

the correction factors shown in Tables A-I and A-II, as applicable.

A-40.1.6 Length of crack developed by a single impact. Any crack extending
in one direction developed by a single impact shall not exceed a length of 10
inches unless it can be attrlbutea to causes other than base material (i.e.,

P _ 4 R TR T . R T T T N S S T Y n
repairs, eLlC., 11 wilicCil case d IJ.U LeSL result wlidi pe€ deciarea ana a retest
will he wannirad)
wiia ©OC IEeual’cld,.

A-40.1.7 "Test plate sizes., Test plate sizes, length and width, shall be as
shown in table C-1.

N
ut
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A-40.2 Ballistic performance of castings other than plates. Ballistic
performance and ballistic test areas shall be in accordance with the
requirements specified in the contract or order or on the applicable
drawings. Castings shall be ballistically tested at ambient temperature

except for castings over 3 inches thick. Castings over J inches thick shall
be tested at the low temperature described in A-40.2.2. (See 6.2.2)

A-40.2.1 Location of holes to house thermocouples in castings other than
plates. Two thermocouple holes shall be provided in each production casting
subuitted for low temperature ballistic test.  The thermocouple holes shall be
drilled to a depth of 2 inches with a 0.339 inch diameter tap drill, letter R

and shall have a 1/8 national pipe thread (NPT) 27-1 x 3/8. A 0.359 inch
bottom drill shall be used to finish the holes. The location of these
thermocouple holes shall be as specified in the contract or order or on the
drawings (see 6.2).

A-40.2.2 Temperature of casting during major caliber impact testing. The
first major caliber impact on a casting shall occur when the casting
temperature is -35° + 10C (=300 +20F). Firing should continue until
the temperature rises to -180¢C (OOF) or until the four round ballistic

limit has been determined. If an evaluation of resistance to penetration
cannot be made before the casting temperature rises above zero degrees

Fahrenheit, the production casting will be recooled and firing will continue
as required.

A-40.

l\)

1 .3 Castings meeting ball; tic requirements. The casting shall be
considered to meet the ballistic requ rements when each ballistic limit
r

obtained is equal to or greater than that specified on each drawing.

A-40.2.4 Partial penetrations. Where the test area is limited, the casting
shall be considered acceptable if partial penetrations are attained within the
limits specified.

A-40.2.5 Length of crack developed by a single impact. Any crack developed
by a single impact and running in the same general direction, such as
horizontal or vertical shall not exceed a length of 10 inches, unless it can
be attributed to causes other than base material (i.e., repairs, etc.).

A-50 NOTES

A-50.1 1ldentification ot cast plates and other castings. Plates and
stings shall be indelibly and legibly marked with symbols that will
"initely identify them with inspection and test reports and with the

'ping documents. The key to identification symbols shall be furnished to
inspector prior to submittal for inspection and tests.

¢l

2 Information required. The manufacturer shall furnish for the files
iroving ground making the ballistic tests, a statement showing the
analysis of each melt and the complete details of the heat treatment
26
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APPENDIX A

of each casting or group of cast plates. All elements of the chemical
composition shall be shown in the statement, including special additives or

.

hardening agents, whether shown in table I of the specification or not. This
n i . i

3o s ahnll ha Frvmuomndad <w sanAm s widlh MIT _QmMN_ 2L {Qan £ 2 o) my &
inforumation shall be forwarded in accordance with MLLu=O1U=)0[\0€€ D.ced). lIlE
results of hardness tests and notched-bar impact tests shall also be provided.

A-50.3 Reference document, U.S. Army Test and Evaluation Command, Test
Operating Procedure 2-2-710, Ballistic Test of Armor Materials, 7 February
1984 may be used as a reference for general and detailed ballistic test
procedures covered by this specification. Nothing in the reference document

- 4 t

ahnll he annatriied +4 slinanss e a3 aas Ehn mamiid mamand AP E1 o
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APPENDIX B

QUALIFICATION PROCEDURE AND REPAIR-WELDING
REQUIREMENTS FOR THE REPAIR OF ARMOR CASTINGS

B-10 SCOPE
B-10.1 Scope. This appendix covers the requirements for the qualification

of welding procedures and welders involved in the repair of armor castings.
This appendix is a mandatory part of the specification. The information
contained herein is for compliance,

B-10,1.1 Ballistic testing of simulated weld-repair cast plates. Only
Class 1 armor cast simulated weld-repair plates shall be ballistically tested.

B-20 APPLICABLE DOCUMENTS

B-20.1 Government documents. The following documents {in addition to those
specified in section 2 of the specification) of the issue in effect on the
date of invitation for bids or request for proposal, form a part of this
appendix to the extent specified herein.
SPECIFLCATLON

MILITARY

MIL-E-8697 - Electrodes,; Welding, Coated, Low Hydrogen, Heat-treatable
Steel

YT Y AAAAA

MiL-k -dddUU/ 6

MIL-E-23765/1

Electrodes, Welding,
Hydrogen, Medium and
Stress-Relieved Weld
Electrodes, Weldi
A o

s .
ana ulgh il

&

fldi

+o0a
1S OuveCa

Mineral Covered, Iron Powder, Low
High Tensile Steel, As Welded or
Appiication

l'llIleI'&.L bovereu
1

T ~ve A aam e e
LOW nyarogen,

Electrodes and Rods, Welding, Bare, Solid and Alloyed

Cored, Ordinary Strength and Low-Alloy Steel.
Electrodes and Rods, Welding, Bare, Solid or Alloyed Cored,
Low-Alloy Steel

MIL-E-23765/2

MiL-E-24403/1 - Electrodes, Welding, Flux Cored, Ordinary Strength and
Low Alloy Steel
MIL-E-24403/2 - Electrodes, Welding, Flux Cored, Low Alloy Steel
STANDARDS
MILITARY
MIL-STD-367 - Armor Test Data Reporting
MIL-STD-1264 - Radiographic Inspection for Soundness of Welds in Steel by
Comparison to Graded ASTM E390 Reference Radiographs

MIL-STD-1941 - Metal-Arc Welding of Homogeneous Armor,

(Copies of specifications, standards, handbooks, drawings, publications, and
other Government documents required by contractors in connection with specific
acquisition functions should be obtalned from the contracting activity or as

a3 3 hy +he soantr
u Uy Lii© LUl

nanta

irecied ting
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B-20.2 Other publications. The following document(s) form a part of this
specification to the extent specified herein. Unless otherwise specified, the
issues of the documents which are DUD adopted shall be those listed in the
issue of the DODISS SPGCI.L.Leu in the solicitation. Unless otherwise
specified, the issues of documents not listed in the DODISS shall be the issue
of the non-Government documents which is current on the date of the

solicitation.

American Welding Society (AWS)

AWQ AZ N WaAaTASwnes MAasma awn
AW R )eVU T WTALULL 4 TLUIO all

(Applications for copies should be addressed to the American Welding
Society, 550 North West LeJeune Road, P.0. Box 351040, Miami, FL 33135).

AMERICAN SOCLETY OF TESTING AND MATERIALS (ASTH)

AQmMM AQQ Ny a
noa “GOo0 wua

rL

h>

(Non-Government specifications and standards are generally available for
reference from libraries. They are also distributed among technical groups
and using Federal agencies.)

n_2Z
o=

B-30.1 Qualitication. Prior to the repair welding of Class 1 or Class 2
production castings, the contractor shall qualify the welding procedure to be
used and the welders who are to perforu the work. (See 6.2.2) Qualification
of the welding procedure and welders for production fabrication weldments is
to be in accordance with MIL-STD 1941(Mh). faragrapn B-30.1.1 of this
specification specifies the factors required in the qualification of the weld-
repair procedure including the ballistic testing of the simulated weld-repair
plates. (Note Class 2 simulated weld-repair plates do not require ballistic
testing, but do require the welds to be radiographed to determine their
soundness.) Paragraph B-30.1.2 specifies the requirements for the
qualification of the welders. C(Class 2 simulated weld-repair plates shall
conform to figure B-3.

B-30.1.1.1 Contractor's recorded procedure for repair welding. The manu-
facturer shall establish the recorded repair-welding procedures, using welding
terms and definitions in accordance with AWS A3.0, for the repair of castings.
The recorded repair-welding procedure shall include all the factors listed in

MaYtl~ T T
LdaDlC D=l

. T i n N e — —— - —— e o= } ~
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APPENDIX B

Factors in the recorded repair-welding
procedures and changes.

Factor included in Recorded welding procedure shall Welder shall be
recorded welding be revised and procedure requalified requalified as
procedurs as indicated below indicated

1. Declared analysis. When a change in composition out- Not required.

side of the declared range estab-
lished in accordance with this
specification is made, unless a
specific waiver is granted by the
procuring activity involved.

2. Electrode; type, When the brand of electrode used for Not required.
class, manufacturer, procedure qualification has been quali-
size, deposit and fied but does not meet the requirements
weld metal analysis of specifications listed in paragraph
not qualified under B-30.2.5, substitution of any other brand
specifications out- will require regualification., However,
lined in B-30.2.5. when the brand used for procedure qualifi-

cations has met the requirements of said
specifications for a specific type and
class and provided that all other factors
remain the same, any other brand that has
met the chulxemcutb of saiad spe01flcat10ns
for this same type and class may be substi~
tuted without regualification of procedure.

3. Process: (a) Any change in process Not required
Welding (e.g. SMAW to GMAW)

(b) A change from manual to
semi-gutcomatic or vice-versa

(¢c) A change from semi-automatic
to automatic (including robotic)

4. Welding current and when the 1limits established in the When the limit
voltage range for recorded repair-welding procedure established in
diameter of elec- are exceeded. the recorded
trode. welding procedure

are exceeded.

5. Preheat tempera- When the minimum temperature is Not required.
ture range iocal or reduced, or interpass temperature
general which shall  changes.
be specitied.

6. Thermal treatment When any temperature in the thermal Not required.

after welding.

treatment established in the original
procedure is changed unless otherwis
authorized by the pr

involved.

11, ctivit y

s
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©n
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iding

Factor included in
recorded welding

Recorded welding procedure shall
be revised and procedure

Welder shall be
requalified as

procedure requalified as indicated below indicated

7. Defect removal repair In case of change from mechanical Not required.
mothnd Af nronor_ +n +thawinl mothnd Anly
method of prepar thermal methed only.
ing area to be re-
welded: i.e., thermal
or mechanical or both,

8. Position in which When change is made in welding See para. B-30.1.
B B T B | N et S o NS
WELlULIlg 44l D PUSLULLVUILL,. Ay 4
nerformed.
performed s

9. Type and sequence In case of change from stringer See para. B-30.1
of passes. bead to weaving only.

10. Source of power, When change is made from a.c. to Not required.
a.c. or d.c. d.c., or vice-versa; of if d.c.,
(polarity if d.c. when polarity is changed.
is used).

B-30.1.1.2 Weld repai

r test plate requirements.

Based on requirement

guide-lines set forth in Tables B-I1, Table B-III and B-IV test plates shall

5

be submitted for teSIlnb

.2 17 Anrmtasin marnaTm vwalA
W.L.LL culivaal L PG..-LL wTJliu
B, or Class () required

requirements. Where ful

B-IV are desired,

shown in figure B-1 or B-

o . ~ 2 / -~

to Aberdeen Proving Ground (see 3.
a Af +ha aiecna and AandAtitdana [ mann
=] vd LviicT DAL LTO 11U \VDSIVIN I SR VFI (] \LCPG
by the mnanacfnrer to meet his pro

1l area weld-repai

2 as applicable.

A\ ma -
«edl)e lI'nese plilates

r allowances of table B—III and table
these must be qualified using simulated repair weld sizes
Where requirements are less, actual

repairs anticipated for production should be declared and qualified by a

simulated repair test pl

ate for actual sizes declared.

The test plate side to

be impacted shall be stenciled "IMPACT SIDE" with letters at least 2 inches

high.

side of the plate.

B-30.1.1.2.1 Class A

bl

repair welding.

heat treatment after wel

ding (hardening and tempering).

Weld-repair areas will be clearly outlined with paint on the impact

b dhad

This kind of repair requires complete
The manufacturer

shall submit test plate(s) of the type shown in figure B-1 for radiographic

~ - Tn T VTS add A - nnd o T
8Ia 0&111i8TiC T€sStsS. L&
hardening and tempering
e = ves=="c A e’ Yt = )
the thickness of the pla

Al +andt wlatas ahall ha walAaA A€ A
il LES L pdldalc oiilalid vT wWTliucu vCliuviL T
heat treatﬂent required to produce
te olv Any

+hAn F30.mnl
Lviic .I.J.le-L

the for

thermal preconditioning of the

plate, i.e., normalizing, etc., before welding must be consistent with

practice intended for pr

B-30.1.1.2.2 {Class B

oduction.

repair welding.

tempering only after wel

of the +vPo ahown

v A saaUw 4 a3

ding.

pas s s

in f1anrn B-1 for radiogravhic and balligtic tests

LG AVE s GApaia

This kind of repair requires
The manufacturer shall submit a test plate(s)

Fach

TO VD e - L 0y 4%

plate shall be welded in the fully heat treated state and tempered after

welding at a temperature
temperature.

within 280 (500F).

32

of the original tempering
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B-30.1.1.2.5 Class C repair welding. This kind of repair requires no
thermal treatment after welding. For making size 1 repairs, the manufacturer
shall subnit a test plate of the type shown in figure B-2 for radiographic and
ballistic tests. For sizes 2 and 3 repairs, the manufacturer shall prepare a
representative weld-repair to the maximum dimensions for the size category.

Each plate to be welded shall be in the fully heat treated condition.

RNR_ZN 1 1 2 A Nasrnwmnnn A€ dand NV od o Macd T omd o oo cnm mead o Lo
WTJV eded el ot vuvoclage UVl LeES L ‘P.l.ﬂbctjo 1E€0L piarce chu.LLcmcuus 101
weld-repair procedure certification shall be establighed in sccordance with

W -7

con~ ditions listed in Table B-II and Table B-II1. If repair welding is
contem- plated in more than one position, a separate plate for each position
nust be prepared and acknowledged within the repair procedure submitted.

B-30.1.1.2.5 Interpass temperature not to exceed 3159C (600°F). The
interpass temperature of qualification plates shall not be more than 315°C
(6000F) (see 5.2.2.1). The interpass temperature shall be measured at a
location approximately 3 inches from the edge of the weld on the base metal

according to the approved recorded repair-welding procedure.

B-30.1.1.3 Soundness. Repair weld procedure qualification test plates
shall comply with ASTM E390 Level 3 when radiographed in accordance with the
T

P R Yy Y AF dla mrmaamd 2 nndd onn

A€ A L O L
equ iirements of 440ec 0 O1I Tii€ Eycb.LJ..LbubJ.Uu.

B-30.1.1.4 Ballistic testing of welding procedure certification of cast
plates for class 1 armor castings.

B-30.1.1.4.1 Simulated weld repair cast test plate. Simulated repair welds

1 be required for repair of defects in armor castings. For repair of armor
c

nesses less than 1 inch, a 3/4-inch thick nonballistic simulated repair
cast plate shall be prepared (see B-30.1.1.5). For repair in cast thicknesses
of 1 inch up to and including 2 1/2 inches thick, the simulated repair plate
shall be 1 1/2 inches thick. For repairs in cast thicknesses greater than 2
1/2 inches, the simulated repair plate shall be 4 inches thick with the
dimensions shown in figures B-1 and B-2. All designated sizes of repairs may

be qualified as a single plate as shown in figure B-1 or B-2. Alternatively
TnAiwridnael aimilatad marad»ma maotr ha mada e T4 'Sl &/ < LI RPN A mdresslod o3
1nGividuasd simuaaied idTpallo uay v o umauc .L.u JU Hn )0 pLairco. a1 Slludlailceu
repair plate shall be prepared for each position of welding in which the

procedure application is intended. In addition, the condition of the final
repair weld surface should be the same as that intended for production
application, i.e., as deposited, ground or machined. When three repair areas
are subuitted on one plate the first impact is to be on size 1, the second
impact on size 2, and the third impact on size 3. The first impact shall
occur at -35 + 19C \ 30 + cnz;. Firing shall continue without recooling

the plate. The contractor shall outline the perimeter of the repair welded
areas,
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TABLE B-II. Cast test plate requirements for simulated weld repairs.

Armor Repair FPilate Test Type

Thick {in.) Thick {in.) Ballistic Nonballistic References

Less than 1 3/4 (a) X B-30.1.1.5.1, Figure B-4
1 to 2-1/2 1-1/2 (a) X (b) TABLE B-IV, Fig B-1, B-2
Over 2-1/2 4 (c) (b) TABLE B-IV

(a) 1Individual simulated weld-repairs may be made on 36" by 36" plates.

(b) Repair Class C, Sizes 2 and 3.

\ Qan D_ZN 1T 1 A 1
C) VEE D=J)Uelededfed

(c
B-30.1.1.4.2 Ballistic shock test conditions for simulated cast weld repair
Plates. The 1-1/2-inch thick simulated cast weld-repair plate shall be tested
i at 5500 (-30°F) (see B-30.1.1.4.1) at 0° obliquity by impacting each
f "repair” area with one 75mm, M1002 plate-proofing projectile at a velocity of
i 1050 * 25 fps. The 4-inch thick simulated repair plates shall be cooled to

A o4+ £Nn0 1712~ v her dmmanntrding annh Taanadw"
a &av ov uu.L.Lq_uJ.t.y Oy l1mpaciing eacn repailr

+ o~
[
AP-T, T182 or T182E]l projectile at a striking velocity

-5 - == Eafhdede bt === ] ==

ZE0 ~
-0 \= o0 a
area Witb one 105 mm,
of 225 + 25 fps below the protection ballistic limit for the exact thickness
of the plate. The direction of impact of each simulated repair is noted on
figures B~-1 and B-2. Where applicable, more than one size repair on a test
plate, the order of impacts shall be located on the repaired area as follows:
The first impact on size 1, the second impact on size 2 and the third impact
. 2 __ MYl 1 —dd e "TMADAAM TN fhrh +mr Lmn vttt cdmvmnas ~ o~

OIl Sl1zZe D. LIie LeLviers AIICAUVL OLUL are LU Uc pa¢uu stenciled w¢uu letters
at least 1 inch high on the impact side of each simulated weld~repair plate.

The contractor shall outline the perimeter of each weld-repair area.

!

B-30.1.1.4.% Evaluation of test results. Spalling or complete penetration
of the welded areas will be cause for rejection of the repair procedure. On
1-1/2-inch thick weld-repair test plates any cracking incurred extending

A e A 4

beyond the boundry of a 10-inch diameter circle, centered on the point
opposite of the preojectile impact, shall alsc be cause for rejection. On
4~inch thick weld-repair test plates, any cracking incurred extending beyond

the boundry of a 10-inch diameter circle, where the center of the circle will
originate opposite the point where projectile penetration is maximum, shall
also be cause for rejection. However, cracking of the plate material, outside
of the weld-repair and heat affected zone areas and not propagating from the
weld-repair area will not be cause for rejection of the weld-repair but will

be declared a no-test (see B-30.1.1.4.3 (d)).

N
£-
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urer must make arrangements within 30 days if return of
plates is desired. The procedure will be accepted for each repair size that
meets the ballistic requirements. Retests will be permitted at the cost of

the manufacturer.

When the test conditions are such that the level of perforumance of weld-

ing procedure can not be determined, a "no test" decision will be rendered.
These conditions are as follows:

a. The projectile impact is not fairly located (i.e., at least 70
percent of the projectile impact should be within the area of the
weld for fair impact) and no spalling or perforation occurred.

On questionable impacts, measure the distance from the edge of

the impact to the edge of the weld. ITf tne distance exceeds
NE C oo £1 2en ) dlmen o Mo kM 3242 e ltmde mmn £ e
C)e) illily \4i1 1lle) vilelil a U Lesu conuul U 1 CALID LT \Stec ligure

B-4).

b. The projectile striking velocity is below the minimum allowed
and no spalling or perforation occurred.

d. Cracking of the plate material outside of the weld-repair area
and not propagating from weld-repair area.

- R - .

n the event that conditio b occurs on the ist impact and

J e T o~
I1ougil 4 remu.uw 10r
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rea r
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hen a "no test" dec151on will be rendered. Otherwise, if a
fair impact occurs on the second impact, and excessive cracking
does not occur, the weld-repair will be considered acceptable.

B-30.1.1.4.4 Data required. Welding data, such as material welded, sketches
of weldments, electrodes used, equipment used, and equipment settings shall be
submitted in accordance with MIL-STD-367, and forwarded to the Government test

proving ground along with the test plate (See 6.2.2).

B-30.1.1.5 Hon-ballistic evaluation of welding procedure certification sim-
ulated repair plates of Class-2 armor.

D_ZN 1 hl C b ClonssTadnd cmmnen LTV d A dbnacmdt T ad A Fncm NV nmem D o vevn s o A

D= J)Vedele )ed VAUULAaLTUuU NulI=allisSiLae LTS L ))-Ldt!'—'ﬁ 1UL LviaooS™c alulUl . F2 8
Cless C simulated repair weld of largest weld(s) declered will be prepared in
accordance with the proposed repair practices and the required inspection

method (see B-III). Welds meeting the requirements of Grade II in
MIL-STD-1264 shall determine the qualification of A, B and C repair weld
practice for all sizes for armor classes less than one (1) inch thick.

B-30.1.1.6 Firing record number. After completion of ballistic tests,
FImimo manam»wAd nimmhawna ahall A acaaionad hy +ha NAavarnrmant +anatine acannrr
44l Lulg ACTUVUVLIM LUl yuTlL o odladld v GDDJ.SLLU\A vy VIIC UV VYTLILUT UV VOO Ldllg QAgTlLILVY «
This number shall be recorded and become part of the recorded welding proce-
dure book, validating the qualification of the procedure.

35
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B-30.1.2.1 Welder qualification. Qualification of a welder by one
manufacturer shall not serve as qualification when the welder is employed by
another manufacturer.

- o~

B-30.1.2.2 Qualification procedure. The welding procedure prescribed fo
<

2]

........................

production repair welding, shall be used for qua.l.n.f.l.ua.\..iuu of the welder fo
making repairs. The type of joint and positions each welder is to qualify
for, shall be in accordance with ASTM A488.

e}

B-30.1.2.3 Soundness of welds. Finished welded qualification test plates
shall comply with Grade II of MIL-STD-1264 when radiographed in accordance
with the requirements of 4.6.2.5. Any cracks or under cutting is unacceptable.

B-30.2.1 General. All weld-repairs shall be made in accordance with a pro-
cedure prepared under the requirement presented herein and by welders qual-
ified in accordance with this appendix.

De t

shiAah marvr ha manndiwa’d hv waldsnwne
{ilCll way VT 1 TPaALLITU Yy WwWTlaudag

B—Ju.c.c Repaiiaw.c ac eCis
shall not exceed the weld area dimensions specified for each class and size
shown in table B-III and Table B-IV. The total amount of repair welding
peruitted on any casting shall be limited to 12 percent of the total surface
area (inside and outside) except for Class C, defect size 3. The size of the
defect shall be considered as the size of the cavity resulting from chipping,

grinding, or oxygen cutting to remove the defect. Size 2 and 3 Class "C"

.
marat o aheall At ha vawwmdddad An 4+ TrmtaniAnn AF madiar hallda+in annnfensaa nf
LUPC.LLD Sliad a 11V L o LJCLIM-LMI-C\A vil \.uc .L.ll\nCL-LUJ. vai HHZJUL VQdddo Ll PdUuidavoo vai
eny casting. Unless otherwise specified on the drawing, a major ballistic

surface is defined as any area presenting a continuous surface greater than 4
square feet and a thickness of 2 1/2 inches or greater. Limited surface
repair can be accomplished in many cases by blend grinding.

N
@)}
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TABLE B-III. Repair limitation for Class-1 armor castings
thicknesses 1/4 to 8 inches inclusive.

Repair Size of Depth 1/ Subject tc 3/ Surface area 4/

Class defect maximum, inches ingpection maximum

A or B 2/ 1 T R 100 sq. in.

2 1/4 T R 250 sq. in.
3 1/8 T for 1/4 <. R See B-30.2.2
T< 11/2 in.
3/16 for 1 1/2
< T < 8 in.

c 2/ 1 T to 2 1/2 R 30 sq. in
2 1/4 T 5/ R or M 6/ 48 3q, in,
3 1/8 T for 1/4 R or M 6/ No limit

S T<11/2 in.
3/16 for 1 1/2 <
m e noos

1l >~ O 1n.

1/ The symbol "T" as used in this table represents the thickness of casting
at the location involved.

g/ The repair of a size 1 defect which occurs within the boundaries of any
other size defect may be accomplished provided the allowable dimensions
for each size of defect are not exceeded. This repair comsideration also
applies to succeeding defect sizes for all classes of repairs shown above,

é/ All weld-repairs are subject to the same inspection methods applied to the
base material and to the same acceptance criteria required of the base
material. Methods of inspection include radiograph (R) and magnetic
particle (M).

4/ Only applies if defect sizes of figure B-1 or B-2 are tested, otherwise,
maximum surface area will be limited to sizes declared by casting producer
and qualified through applicable test plate requirements, see B-30.1.1.2.

§/ For armor castings with thicknesses 4 to 8 inches inclusive, the maximum
defect depth shall not exceed 1 inch.

6/ Any cracks found by magnetic particle inspection will be cause for
rejection.
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TABLE B-IV. Weld repair size and depth reguirements for simulated repair
of Class=1 armor roat teat nlotes /, 7/
f Class=1 asrmor cast test plates./»
Treatment Class "A" 2/ Class "B" 2/ Class "C" 2/
Type Complete Heat Tempering None
Treatment
Size of
Defect 2-1/2" X 12" X T 3/
1 0" x 12" x T 10" x 12" x 7T 2 1/2" x 12" x 1/2 T 4/
2 5/ 14" x 20" x 1/4T 14" x 20" x 1/4T 4" x 12" x 1/47
5 6/ 18" x 20" x 1/8T 18" x 20" x 1/8T 18" x 20" x 1/8T
to 3/16" max. to 3/16% max. 3/16" max.
1/ The dimensions of the overall cast test plate shall be as shown in
figures B-1 and B-
2/  The symbol "T" as used in this table represents the thickness of the
test plate.
3/  For Class "C" Size 1 defect where the test plate is 1-1/2 inches
thick; the repair will be made through the plate.
4/ For Class "C" Size 1 defect where the test plate is 4 inches thick,
the repair will be made to a maximum depth of 2 inches
5/ Size 2 - prepared to a depth of 1/4T from back of plate for Classes A
- S A M 2 d La dlin Lot ~AF dla wlodn Fam Mloacs O
4Il1d D dIU 110 viue 1rouIilv vl LIIC plailc 11Ul vi1doos Ve
6/ Size 3 - prepared to depth of 1/8T to 3/16" from back of plate for
Classes A and B and from the front of the plate for Class C.
7/ The individual simulated repair may be made on 36" x 36" plates of the
respective thickness for each size and class.
B-30.2.2.1 Large defects. Defects larger than those referenced in B=-30.2.2
may be repair-welded only when suthorized by the procuring activity.

B-30.2.% Class C weld repair.

If the first repair weld is defective,

removal of defective weld metal shall be beyond the heat affected zone of base

metal from the weld-repair.

than twice. If the second repair is defective, the
as a Class B weld-repair. The post-weld heat treat
the adverse effects of the amount of heat input due
and to maintain ballistic integrity.

B-30.2.4 Interpass temperature.

castings shall be not less than the minimum preheat
exceed 315°C (600°F).

SII&J.J. be class

ifie
3.
u
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o

r
eva
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The interpass temperature for production

temperature and shall not

Frequency and sequence of the interpasses are

A Class C weld -repair shall not be performed more

d

recorded in the repalr-weidlng procedure. The interpass temperature shall be
. _ A A PR [P S U Uy 2 AaTlee Z 2omnlince Fomvmrm +hn Adeen ~€F AT1A Av +hAa
measurea aL 8 i1ocairion uppLUA_LmuLt:J.y D dincaes 1rdn uine euge Ui tlie weld on the
hase metal according to the recorded repair welding procedure.
38
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B-30.2.5 Uiype of electrode. Unless otherwise authorized by the procuring
activity, repair welding shall be performed using ferritic type electrodes as
follows: MIL-E-22200/1, MIL-E-22200/6, MIL-k-23765/1, MIL-E-23765/2,
MIL-E-24403/1, or MIL-E-24403%/2 for Class B or C weld- repair and MIL-E-8697

for repairing of Class-A defects. The manufacturer, however, may use any
process and/or electrode not approved under the above specifications for the
classes of repair indicated, provided the test requirements for qualifying the
repair weld are satisfactorily met and have passed magnetic particle
inspection (see B30.2.6).

B-30.2.6 Magnetic particle inspection of weld repaired castings. See
4.7.5.1.

B-30.2.7 Radiography of repaired castings. When radiography is required on
the drawing or contract unless otherwise specified weld-repairs 1/2 T or
greater in depth shall be radiographed in accordance with 4.6.2.6. The

frequency of testing shall be at twice the frequency for the casting. For
example, for required production radiography at 1 out of 30, weld-repair
radiography shall be done at 1 out of 15. The weld-repair shall be

to assure fect has been removed and meets Leve 1 III o

B-30.2.7.1 Ultrasonic inspection (UT) of repaired castings. The use of UT
inspection as a substitute for radiography shall require the approval of the
procuring activity.

N
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Figure B-1. Simulated Repair Cast Test Plate for Classes A and B
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FIGURE B-3.
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It X > 25.6 mm, then a no-test condition exists.

Figure B4. Bailistic Shock Test: Impact Location Required for Fair Impact
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REQUIREMENTS FOR FOUNDRY OR PROCESS QUALIFICATION

C-10 SCOPE

C-10.1 Class-1 armor. This appendix covers the requirements for first
article testing of cast flat Class-1 material for the purpose of foundry or
process qualitication. The cast test plates shall be tested to determine,
chemical, ballistic and mechanical properties of Class-1 material. This
appendix is a mandatory part of the specification. The information contained
herein is intended for compliance.

C-10.2 Class-2 armor. Foundry or process gualification of Class-2 armor
shall involve preparing weld-repair plates in accordance with Appendix B. The
weld-repair plates shall be radiographed for internal soundness examination.
The weld-repair plates base material shall be tested to determine the chemical
and mechanical properties (see 3.1.2) of this specification.

C-10.2.1 Purpose of foundry or process qualification. The purpose of
foundry or process qualification is to allow the supplier to provide and the
purchaser to obtain, satisfactory pre-contractual evidence that the supplier
is competent to manufacture cast armor to the requirements of this
specification. Potential suppliers should refer to 6.7 of this specification.

C-10.2.2 1Intent of foundry or process qualification. The intent of foundry
or process qualification is to:

a. Standardize the requirements for evidence of supplier capa-
bility in advance of procurement action.

b. Reduce procurement lead time.

c. Minimize redundant, long/expensive test requirements: test(s)
whose only function(s) are to demonstrate supplier capability
should not be repeated except for testing actual end item
castings during first article inspection and quality
conformance inspection.

d. Allow avoidance of situations where competition is unequal
because one or more suppliers have established competence via
prior procurements.

e. Provide an additional tool for optimizing the relationship
between engineering risk and quality assurance cost.

C-20 APPLICABLE DOCUMENTS. This section is not applicable to this appendix.
C-30 Definitions.
C-30.1 Test plate. For the purpose of this specification a test plate

shall mean an as-cast metal surface that has been cast into a flat rectangular
configuration of the dimensions specified in table C-I.

44
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C-30.2 First article requirement for foundry or process qualification. The

requirements for obtaining foundry or process qualification includes sucess-
fully complylng w1th the balllstlc tests (Class-l only), surface hardness,

O o
[ ]

>-30.3  Symbo ", The symbol "T" is used to indicate the thickness of

T

corresponas to that inda iC&teQ on the araw1ngs as bnarpy-
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C-40 REQUIREMENTS

C-40.1 First acticle requirements for test plates.

o 5

B (1]

g - [ B ="

+ 3 alo

0 e
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statement o% Ehe declared comp081t n, declared heat treatment, and the de-
clared manufacturing process to be employed shall be submitted to the pro-
curing activity along with the first article test plates.

C-40.1.2 Mechanical properties.

C-40.1.2.1 Hardness (Class-l and Class-2 armor). The average surface
hardness of each first article test plate and the average cross-sectional
hardness of each test block or bar shall be within the range specified in

table I1 of the casting thickness represented when tested as specified (see
C-40).

nooa A A - /o ~ PR ~ \ ma ~Y . PR

C-40.1.2.2 Impact (Class-1 and (Class-2 armor). The average Charpy V-notch
roaiatance valna af asasoh nlata Am +agt hlanl ahall maat +ha masiid mamanta 3n
4T0L0OLAIIVE VAL UuT VUi Tavlvia paailc vl LOCOoO Vv wviULn Dliladd UCoTu LIIT JloTyuldlrciuciuio 44
Table III when tested in accordance with C-50.

C-40.1.3 Ballistic requirements (Class-1 armor). The ballistic
requirements for Class 1 cast armor shall be as specified in Appendix A (see
C-50.7 of this spec1f10at10n) Class 2 armor shall not be ballistically
tested.

C~40.1.3.1 Ballistic requirements for simulated Class-1 armor weld repair

test plates. The ballistic requirements for classes A, B, and C repair welds
shall conform to the requirements of Appendix B of this specification.

C- 40 1. 4 Soundness (Class-l and Class—2 armor). Casting surface defects

1 Ly - 1 _ L = 72 A A 1Y o oLy
between the contractor and procurlng acthIty \see DeldeYeld) OI TN1S
specification., There shall be no evidence of surface cracks or hot tears.
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C-40.1.5 Thickness (Class-1 and Class-2 armor). The average thickness of
the first article test plates shall not differ from the required thickness by

ST

more than p.Lus or minus D percent.

C-40.1.6 Magnetic particle inspection (Class-1 and Class-2 armor). See
C-50.5.

C-40.1.7 Liquid penetrant inspection (Class-1 and Class-2 armor). See

4.6.,2.8 of this specification.

C-50.1 Declared chemical composition (Class-1 and Class-2 cast armor) A
statement of the declared chemical composition and & copy of the chemical
analysis shall be submitted to the procuring activity along with the 1st
article test plates.

fal cn 1 T Ml mvn s A awvnn lsras
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shall be conducted in accordance with the applicable method specified in ASTM
A751 (see 6.10). The chemical analysis shall comply with the declared
composition as established by the contractor in accordance with the

-

requirements of table 1 (see %.2.1).

C-50.2 Hardness and impact tests.

€-50.2.1 For approval of thickness less than 3 inches for Class-1 and
Class-2 armor. A test block 9"x9"xT" (see C-30.3) in size shall be
tack-welded to each test plate so that it can accompany the plate through the
quenching and tempering cycles. The block shall be attached at such a
location that neither the thickness of the block nor the thickness of the test
plate will be sufficiently increased during heat treatment to significantly
affect test results.,

C-50.2.2 For approval to thicknesses of 3 to 8 inches for Class-1 armor. A
cored test bar shall be trepanned from each test plate of three to six inch
thickness (see table C-1). The center of the trepanned test bar shall be no
closer than four inches from any edge, and no more than two samples shall be
taken from any one plate.

C-50.2.3 Surface hardness on test plates of Class~1l and Class-2 armor.
Each first article test plate shall be subjected to three Brinell hardness
tests on each face where acccesible and practicable. If hardness cannot be
made practicably on both faces, five tests shall be made on one face, one near
the middle of each side and one in the middle of the plate area. The samples

shall be prepared and tested in accordance with ASTM EI10.

~
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two charpy V-notch impact specimens shall be taken from each 1mpact test block
or test bar and prepared and tested in accordance with ASTH E-23. Charpy
machines used in testing shall have been proof tested (calibrated) within one
year prior to the time of inspection (see 6.9).
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C-50.4 Thickness measurement of test plate for Class-l and Class-2 armor.
mai . e - AL Y o - L [P S [ I PR R T | T . e [ S - | L £2 __
lIle dverdge LAlCKIesSS Ol LestL pldile sSiigll e qeleridnea 1rol live
measurements, one near each corner of the plate two inches from either edge
and one at the center. Thickness measurements shall be taken tc the nearest

0.001 inch.

C-50.5 Magnetic particle inspection for Class-1 and Class-2 armor. A
magnetic particle examination shall be performed over 100% of casting surface
ac
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C-50.6 Radiography of Class l-and Class-2 armor test plates. Radiographic
tests shall be performed on test plates in accordance with the requirements of
the applicable drawings or contract. For inspection purpose test plates shall
be classified in accordance with Class-3, Grade C of table II, II1 and IV, of
MIL-STD-1265 whichever is applicable for the thickness involved.

)
Ir4y

_________ tes plates fo las
shall submit for approval ballistic test plates in accordance with table C-I.
Plates shall be ballistically tested in accordance with Appendix A of this
specification.

C~50.7 Ballistic test for cast Class 1 armor. The manufacturer

H

.
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C-50.8 Ballisitic testing of (Class-1 simulaied weld repair test plates.
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The plates shall be prepared and tested in accordance with Appendix B.
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APPENDIX C
TABLE C-1. Ballistic test plates for foundry or process certification.
Thickness Nunber Minimum Thickness
of Plates of Plates Size of Plates Ranges
inches (inches) (inches)
5/8 2 12 x 36 1/4 to 3/4, incl
1 2 12 x 36 over 3/4 to 1 1/4, incl
11/2 2 12 x 36 over 1 1/4 to 1 3/4, incl
2 2 12 x 36 over 1 3/4 to 2 1/4, incl
3 21/ T2 x 72 over 2 1[4 to 3 3[4, incl
4 2 1/ 72 x T2 over 3 3/4 to 4 3/4, incl
5 2 1/ 72 x 72 over 4 3/4 to 5 3/4, incl
6 2 1/ 72 x T2 over 5 3/4 to 8, incl

1/ Alternately, 4 plates of size 48" x 60"

o Af +ha
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encompassed by the following submittal:

Thickness Number
of Plate of Plates
inches
11/2 2
5 21/
6 2 1/

Minimum

Size of Plates

(inches)
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LeEST y..LGLCD acco L A

Charpies of table III, Che
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test requlrements in Appendix A of this spe01fica

tne
ist
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12 x 36
T2 x 72
T2 x 72

48
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could be submitted.

rocess certlllcatlon,
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table T and blsstic
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n for the thickness ranges

Thickness
Ranges
(inches)

1 1/4 through 1 3%/4
3 3/4 through 5 3/4
5 3/4 through 8
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suggestions. This form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLE), and
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acknowledgement will be mailed to you within 30 days to let you know that your comments were received and are being
considered.

NOTE: This form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of
specification requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
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