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M L- DTL- 46063H
14 Sept enber 1998
SUPERSEDI NG

M L- A- 46063G

30 Decenber 1992

DETAI L SPECI FI CATI ON
ARMOR PLATE, ALUM NUM ALLOY, 7039

This specification is approved for use by all Departnments and Agenci es of
t he Departnent of Defense.

1. SCCPE

1.1 Scope. This specification covers 7039 w ought al um num all oy ar nor
plate. The nominal thickness of arnmor plate covered by this specification is
1/2 inch to 4 inches, inclusive (see 3.7 and 6.2).

2. APPL| CABLE DOCUMENTS

2.1 General. The docunents listed in this section are specified in sections
3 and 4 of this specification. This section does not include docunents in other
sections of this specification or recommended for additional information or as
exanples. VWhile every effort has been nmade to ensure the conpl eteness of this
list, docunent users are cautioned that they nmust neet all specified requirenents
docunents cited in sections 3 and 4 of this specification, whether or not they
are |listed.

2.2 Covernnent docunents.

2.2.1 Specifications, standards, and handbooks. The follow ng specifications,
st andards, and handbooks forma part of this docunent to the extent specified
herein. Unless otherwi se specified, the issues of these docunents are those |isted
in the issue of the Departnent of Defense Index of Specifications and Standards
(DoDI SS) and suppl enment thereto, cited in the solicitation (see 6.2).

STANDARDS
DEPARTMENT OF DEFENSE

M L-STD- 662 - V5o Ballistic Test For Arnor

(Unl ess ot herw se indicated, copies of the above specifications, standards, and
handbooks are available fromthe Defense Automated Printing Service (DAPS)
Bl dg. 4D, 700 Robbi ns Avenue, Phil adel phia, PA 19111-5094.)

Beneficial coments (recomendations, additions, deletions) and any pertinent
data which may be of use in inproving this docunment shoul d be addressed to:
Director, US Arny Research Laboratory, Wapons and Materials Research
Directorate, ATTN. AMSRL-WWM M Aberdeen Proving Ground, MD 21005-5069 by using
t he Standardi zati on Docunent | nprovenent Proposal (DD Form 1426) appearing at
the end of this docunment or by letter.

AVBC N A FSC 9535
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2.3 Non- Governnent publications. The follow ng docunents forma part of
this specification to the extent specified herein. Unless otherw se specified,
the i ssues of the docunents which are DoD adopted are those listed in the issue
of the DoDISS cited in the solicitation. Unless otherw se specified, the issues
of docunents not listed in the DoDISS are the issues of the docunents cited in
the solicitation (see 6.2).

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )
ANSI H35.2 - Dinensional Tolerances for Alum num M Il Products (DoD adopted)

(Application for copies should be addressed to the Anerican National Standards
Institute, 11 West 42nd Street, New York, NY 10036.)

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM B557 Tensi on Testing Wought and Cast Al um num and Magnesi um
Al'l oy Products (DoD adopt ed)

ASTM E34 Chemical Analysis of Al um num and Al um num Base All oys
(DoD adopt ed)

ASTM E227 Optical Em ssion Spectronetric Analysis of Al um num and
Al um num Al | oys by the Point-to-Plane Techni que (DoD adopt ed)

ASTM E607 Optical Em ssion Spectronetric Analysis of Al um num and
Al um num Al | oys by the Point-to-Plane Techni que, N trogen
At mosphere (DoD adopt ed)

ASTM E716 Sanpling Al umi num and Al um num Al | oys for Spectrochemn cal
Anal ysi s

ASTM E1251 Optical Em ssion Spectronetric Analysis of Al um num and
Al um num Al | oys by the Argon At nosphere, Point-to-Plane,
Uni polar Self-Initiating Capacitor Discharge (DoD adopted)

ASTM G38 Maki ng and Using G- Ri ng Stress-Corrosion Test Specinens
(DoD adopt ed)

ASTM (A7 Det erm ni ng Susceptibility to Stress-Corrosion Cracking of
H gh Strength Al um num Al |l oy Products (DoD adopt ed)

(Application for copies should be addressed to the American Society for Testing
and Materials, 100 Barr Harbor Drive, Wst Conshohocken, PA 19428-2959.)

2.4 Oder of precedence. In the event of a conflict between the text of
this docunent and the references cited herein, the text of this docunent takes
precedence. Nothing in this docunent, however, supersedes applicable | anws and
regul ati ons unl ess a specific exenption has been obtai ned.

3.  REQUI REMENTS

3.1 First article. Wen specified in the contract or purchase order (see 6.2)
and before production has commenced, sanples of the specified itemshall be nmade
available to the contracting officer or his authorized representative for approval
in accordance with 4.3.1. The approval of the first article sanples authorizes
t he conmencenent of production but does not relieve the supplier of responsibility
for conpliance with all applicable provisions of this specification. The first
article sanples shall be nmanufactured by the process proposed for use on
producti on.
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3.2 Chemical conposition. Chemcal conposition shall be within the limts
shown in table I. A certification of the chem cal conposition of the alloy
shall be furnished with the ballistic test plates (see 6.2).

TABLE |I. Chemical conposition

El ement Per cent
Zi nc 3.5 - 4.5
Magnesi um 2.3 - 3.3
Manganese 0.10 - 0.40
Copper .10 max
I ron .40 max
Silicon .30 max
Chrom um .15 - 0.25
Ti tani um .10 max
O hers, each . 05 max
O hers, total .15 max
Al um num (by difference) Remai nder

3.3 Mechanical properties. Unless otherwi se specified in the contract or
order (see 6.2), the nmechanical properties of the test specinmen taken in the

| ong-transverse direction shall nmeet the requirenents of table Il when tested as
specified in 4.7.2. |If nechanical properties differ fromthe val ues shown in
table I'l, or if any other properties are required and if the difference in

properties are negoti ated between the procuring activity and the supplier, the
m ni mum acceptabl e ballistic requirenents of appendix A will apply.

TABLE I1. Mechani cal properties.
Yield El ongati on
Tensil e strength mn,
strength 0. 2% of f set, percent in
Thi ckness, inch mn, psi mn, psi 2in.
Up to 1.500, incl 60, 000 51, 000 9
Over 1.500 57, 000 48, 000 8

3.4 Stress corrosion resistance. Unless otherw se specified in the
contract or order (see 6.2), plate material 0.72 inch and thicker in the short
transverse direction shall be resistant to stress corrosion cracking. A mninum
of 5 of the 9 specinmens tested shall show no evidence of cracking at the end of
96 hours when tested as specified in 4.7.3 (see 6.4).

3.5 Heat treatnent. Heat treatnent shall be such as to neet the
requi renents of this specification (see 6.5).

3.6 Ballistic limt. The protection ballistic limt, BL(P), shall be as
specified in appendi x A
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3.7 D nensions. D nensions shall be as specified in the contract or order
(see 6.2).

3.7.1 Tolerances. Unless otherw se specified in the contract or order (see 6.2),

the plates submtted for acceptance shall not vary fromthe specified di mensions
anount greater than the tol erances shown in ANSI H35.2. Ballistic test plate

tol erances shall be £ 1/2 inch

3.7.1.1 Thickness. Thickness tolerances for production arnor and ballistic
test plates shall be as specified in table I11I.

by an

TABLE I11. Thickness tol erances.
Or der ed Tol erance, inch
Thi ckness, inches M nus Plus 1/
0.500 to 0.625, incl 0. 025
0.626 to 0.875, incl . 030
0.876 to 1.125, incl . 035
1.126 to 1.375, incl . 040
1.376 to 1.625, incl . 045
1.626 to 1.875, incl . 052
1.876 to 2.250, incl . 060
2.251 to 2.750, incl . 075
2.751 to 3.000, incl . 090
3.001 to 4.000, incl . 110

1/  The values for the plus colum are derived fromthe full range of tolerances
specified (for sheet and plate not specified for aerospace applications) in
table 3.1 of ANSI H35.2 | ess the value shown in the mnus colum. For exanple,
the plus tolerance on a 2.0 inch thick by a 73 inches wi de plate would be as
fol | ows:

Thi ckness tol erance (from ANSI H35.2) + 0.060"

Tol erance val ue shown in mnus col um 0. 060"
Full tol erance |l ess m nus tol erance 0. 120" - 0.060" = 0.060"
Derived plus tol erance 0. 000"

3.7.1.2 Ballistic test plate tolerance. Tolerances shall be + 1/2 inch on
the I ength and w dth.

3.8 Marking for identification. Each plate shall be marked with the
manuf acturer's nanme or trade mark, nunber of this specification, the plate
thi ckness in inches, the alloy designation, and the | ot nunber or code relating
to the I ot nunmber. The height of the characters shall be 3/8 of an inch or
greater. Inpression stanping shall not be used, unless pernitted by the
procuring activity (see 6.2).

3.8.1 Ballistic test plates. In addition to the marking in 3.8 each
ballistic test plate shall be marked with the letters PRE for first article test
pl ates and ACC for acceptance test plates. This nmarking shall be inpression
stanped on the rolled surface within a 1/2-inch band at the edge of the test
plate in letters not less than 3/8 inch high. Ballistic retest plates shall be
mar ked "R1" and R2", respectively (see A 5.2).
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3.8.2 Preparation for shipnment. Prior to shipment, exam nation shall be
made to determ ne conpliance with section 5.

3.9 Ballistic test plate information. A properly executed check list for
arnor data shall be submtted with each ballistic test plate containing the
i nformation as specified in ML-STD 662.

3.10 Wirkmanship. Plate shall be uniformin quality and clean, snooth, and
sufficiently free from buckles, blisters, hard spots, damaged ends, |am nations,
and ot her defects which may affect its use.

3.10.1 surface and edge condition. Surface cracks, edge cracks, or edge
| am nati ons shall be cause for rejection

4. VERI FI CATI ON

4.1 darification of inspections. The inspection requirenents specified
herein are classified as confornmance inspection (see 4.2).

4.2 Confornmance inspection. Test for acceptance of individual |ots consist
of testing all requirenents specified in section 3. Verification confornmance
i nspection is in accordance with the provisions herein. Ballistic tests shal
be performed at a Government test activity selected by the procuring activity
(see 6.2).

4.3 dassification of inspection. Inspection shall be classified as
fol | ows:

a. First article inspection (see 4.3.1).
b. Acceptance of individual production lots (see 4.3.2).

4.3.1 First article inspection. First article inspection shall consist of
the foll ow ng:

Chemical analysis (see 3.2, 4.5.1.1 and 4.7.1).

Tension tests (see 3.3, 4.5.1.2 and 4.7. 2)

Stress corrosion test (see 3.4, 4.5.1.3 and 4.7.3).
Ballistic tests (see 3.6, 4.5.1.4, 4.7.4 and appendi x A).

Di nensions (see 3.7 and 4.6. 2).
Identification marking (see 3.8 and 4.6.1).
Wor kmanship (see 3.10 and 4.6.1).

Q@Teaoop

4.3.2 Production | ot acceptance inspection. Lot acceptance inspection
shal |l consist of the foll ow ng:

Chemical analysis (see 3.2, 4.5. 4 5 2.2 and 4.7.1).
Tension tests (see 3.3, 4.5.2.3

Stress corrosion test (see 3.4, nd 4.7.3).
Ballistic tests (see 3.6, 4.5.2.5, 4 7 4 and appendi x A).
Di nensions (see 3.7 and 4.6. 2).

Identification marking (see 3.8 and 4.6.1).

Wor kmanship (see 3.10 and 4.6.1).

Preparation for shipnent (see 3.8.2 and section 5).

2.1,
and 4
4.5,

Se@moeonoe

4.4 Lot. A lot shall consist of plates of the same ordered thickness which
have been processed together to produce uniform properties fromingots whose
chemi cal conposition was certified as neeting the requirenents of this
specification. The weight of the finished plates in the lot shall not exceed
50, 000 pounds.
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4.5 Sanpling.

4.5.1 For first article testing.

4.5.1.1 Chenmical conposition. Sanples for chem cal analysis shall be
renoved fromthe plate naterial being selected for the ballistic tests.

4.5.1.2 Mechanical properties. One tension test sanple shall be renoved
fromthe sane plate material that has been selected for the ballistic test.

4.5.1.3 Stress corrosion tests. The stress corrosion test sanples shall be
renoved fromthe sanme plate that has been selected for the ballistic test.

4.5.1.4 Ballistic tests. Two plates 12 inches by 36 inches (+ 1, -0 inches)
fromthe ordered thickness shall be submitted for ballistic testing. The
orientation of these plates with respect to the rolling direction shall be at the
option of the manufacturer. The ballistic test may be waived at the discretion of
the procuring activity if the manufacturer within 18 nonths has produced

acceptable plate to within + 0.250 inch of the ordered thickness, provided al so
that test conditions are the sane as for previously accepted pl ates.

4.5.2 For acceptance of production |lots.

4.5.2.1 Chemcal conposition, ingot analysis. At |east one sanple shall be
taken fromthe nolten netal representing one group of ingots poured as a unit
fromthe sane source of nolten netal. Conplete ingot analysis records shall be
available to the procuring activity at the producer's facility.

4.5.2.2 Chemcal composition, finished product analysis. Wen sanpling has
not been made in accordance with 4.5.2.1, one sanple shall be taken for each
4,000 pounds or less in each lot in accordance with ASTM E34 or ASTM E716
Conpl ete product analysis records shall be available to the procuring activity
at the producer's facility.

4.5.2.3 Mechanical properties. Fromeach Iot, sanples for tension tests
shal |l be selected in accordance with table IV. Each sanple shall be sel ected
froma different plate in the lot. Should a |lot consist of only one plate, only
one tension test sanple shall be taken (see 6.2).

TABLE IV. Nunmber of tension tests.

Lot size, pounds Nunber of sanples

To 8,000, inc

8,001 to 12,000, inc
12,001 to 20, 000, inc
20,001 up

O WwWN

4.5.2.4 Stress corrosion tests. Fromeach lot, one plate 12 inches by 12

inches (£ 1 inch), by the ordered thickness, shall be selected for stress
corrosion tests. At the discretion of the procuring activity, reduced sanpling
may be instituted (not every |lot need be sanpled) (see 4.8).
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4.5.2.5 Ballistic testing. One plate, 12 inches by 36 inches (+1, -0 inches)
fromthe ordered thickness representing the lot, shall be selected for ballistic
testing. The orientation of these plates with respect to the rolling direction
shall be at the option of the manufacturer (see 6.2).

4.6 Exam nation.

4.6.1 Visual. Each plate shall be examned to determ ne conpliance with
the identification marking (see 3.8) and wor kmanship (see 3.10) requirenents.

4.6.2 Dinensional. Plates within a |ot shall be neasured to determ ne
conpliance with the requirenents for dinmensions and tol erances (see 3.7) in
accordance with the sanpling procedures approved by the procuring activity.

4.7 Tests.
4.7.1 Chemical conposition. Test sanples shall be prepared and tested in

accordance with ASTM net hods E34, E227, E607, or E1251. 1In case of dispute, the
anal ysis by nethod ASTM E34 shall be the basis for acceptance or rejection

4.7.2 Mechanical properties. Tension test specinens shall be prepared and
tested in accordance with ASTM B557. Test speci nens shall be taken in the |ong
transverse direction

4.7.3 Stress corrosion. Short transverse stress corrosion test specinens
shal |l be prepared and tested in accordance with the procedure outlined in ASTM G38
and G47. The specinens shall be stressed 35 ksi. Nine specinens shall be tested
per sanple per lot. A maximum delay of 3 hours between stressing and initiation of
stress corrosion test is permtted.

4.7.3.1 Report of results. The report shall include the foll ow ng:

a. The producer and | ot numnber.

b. Specification and contract numnber.

c. "Stress-corrosion test passed’ or "stress-corrosion test failed" in
accordance with results of the test.

4.7.4 Ballistic testing. Ballistic testing shall be in accordance with
appendi x A. Test plate thickness, as neasured by the ballistic testing agency,
shall be used in conjunction with table V and appendix A to determ ne the test
projectile and the required Vg protection ballistic limt respectively. A

m ni mum of four thickness neasurenents, at least 2 inches fromany edge, are to be
taken at random | ocations in the area to be inpacted. A calibrated deep throat

m croneter or a calibrated ultrasonic nmeasuring device, is to be used and the

i ndi vi dual measurenents are to be read to the nearest 0.001-inch, will be reported
as the actual thickness of the plate. This thickness will be used to deterni ne
the mnimumballistic [imt, BL(P), requirenent fromthe appropriate table in the
appendi x. When necessary, interpolation between two consecutive thicknesses in
the table will be perforned to determine the m ni numrequired BL(P)
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TABLE V. Acceptance ballistic test plates.

Ordered thickness, Angl e of
i nches Projectile oliquity
i n degrees
0.500 - 0.749 Cal. .30 APM2 30
0.750 - 0.950 Cal. .50 FSP 0
0.951 - 1.500 Cal. .30 APM2 0
0.951 - 1.500 20mm FSP 0
1.501 - 3.000 Cal. .50 APM2 0
3.001 - 4.000 14. 5mm APl, B$41l 0

4.8 Rejection and retest. Unless otherwi se specified in the contract or
order (see 6.2) and except as specified in 4.7.2 and 4.7.3, rejection and retest
shall be conducted in accordance with 4.8.1, 4.8.1.1, and 4.8. 2.

4.8.1 Rejection of first article plates. Wen one or nore first article
test specinens fail to neet the requirenents of 4.3.1, the product |ot and
process, represented by the test plates or specinmens shall be subject to
rejection except as otherwi se provided in a sanpling plan approved by the
procuring activity and in requirenents of 4.8.1.1.

4.8.1.1 Retest of first article sanples. Resubnission and retest of first
article sanples shall not be made until the manufacturer has nade necessary
corrections in the processing of the material to the satisfaction of the
procuring activity. |If one of the retest specinmens fails the ot shall be
permanently rejected with no further testing permtted.

4.8.2 Stress corrosion. |If the manufacturer so desires, a retest shall be
performed using 13 specinmens. A mnimum of seven speci nens shall be uncracked
upon exam nation at the end of 96 hours of exposure. |If the retest also fails,

the manufacturer may elect to resubnit the ot after retreatnment of the entire
lot. After retreatnment, the I ot nust pass the requirenents outlined in 4.7.2.
4.7.3 and 4.7.4.

4.8.3 Ballistic. Rejection and retest of ballistic test plates shall be in
accordance with A 5. 2.

4.9 Reduced testing. At the discretion of the procuring activity, (see 6.2)
t he amount of testing may be reduced provided the results on consecutive lots
i ndicate that a uniform product neeting the testing requirenent is being produced,
and providing the manufacturer agrees to maintain the sane nmanufacturing
procedures. Reduced testing shall be in accordance with sanpling plans approved
by the procuring activity.

5. PACKAGQ NG

5.1 Packagi ng. For acquisition purposes, the packagi ng requirenents shall be
as specified in the contract or order (see 6.2). Wen actual packaging of materiel
is to be perforned by DoD personnel, these personnel need to contact the responsible
packagi ng activity to ascertain requisite packagi ng requirenents. Packaging
requi renents are maintained by the Inventory Control Point’s packaging activity
within the Mlitary Departnent or Defense Agency, or within the Mlitary
Departnment’s System Command. Packaging data retrieval is available fromthe
managing Mlitary Departnment’s or Defense Agency’ s automated packaging files, CD ROM
products, or by contacting the responsi bl e packaging activity.
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6. NOTES

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

6.1 Intended use. The alum numalloy arnor covered by this specification
is mlitary unique. This material has minimumballistic [imt protection
requi renents as specified in tables Al through A-VI. The material wll be used
inmlitary vehicles to protect the operator and passengers agai nst small arns
fire and shrapnel

6.2 Odering data. Acquisition docunents should specify the foll ow ng:

a. Title, nunber, and date of this specification
b. Nom nal thickness of alum numarnor plate (see 1.1).
c. |Issue of DoDISS to be cited in the solicitation, and if required, the
specific issue of individual documents referenced (see 2.2.1, 2.3 and A . 2.1.1).
d. Wen first article is required (see 3.1).
e. Mechani cal properties and chem cal conposition of alum num ar nor
(see 3.2 and 3. 3).
VWhen stress corrosion testing is required (see 3.4).
Drawi ngs, di nensions, and tol erances (see 3.7 and 3.7.1).
Marking for identification (see 3.8).
Destination of test sanples (see 4.2).
Locations of tension test specinens (see 4.5.2.3).
Locations for determ nation of ballistic limts (see 4.5.2.5).
Rej ection and retest requirenent, if other than in 4.8.
VWhen reduced testing is approved (see 4.9).
Packagi ng requirenments (see 5.1).

S3TFTITerm

6.2.1 Arnor material test reports. When this specification or specification
requi renents are used in an acquisition, and data are required to be delivered,
the data requirenents identified in 3.9 should be devel oped and delivered in
accordance with the approved Contract Data Requirenments List (CDRL), incorporated
into the contract. The data specified should be delivered by the contractor in
accordance with the contract or purchase order requirenents.

6.3 Chemical analysis. ASTM nethods that can be used for determ nation of
chemi cal conposition are listed in 4.7.1.

6.4 Stress corrosion. It should be noted that a structure built fromplate
nmeeting the requirenments prescribed herein should have susceptibility to stress
corrosion mnimzed by proper attention to design and fabrication characteristics.
The stress corrosion susceptibility of plate neeting the requirenents of this
specification will represent a hazard, especially in the short transverse
direction. Exposed short transverse sections should be considered carefully in
design and protected by special fabrication practices to guard agai nst cracking.

6.5 Mechanical properties to ballistic requirenments. The m ni nrum nechani cal
properties specified (see 3.3) may not assure al um num arnor plate neeting the
specified ballistic requirenents (see 3.6).

6.6 Stress corrosion test. The manufacturer may, at his own risk, ship
material prior to the conpletion of the stress corrosion test.

6.7 New contracts sponsored by governnent agencies. At the time that a new
contract is initiated for the production of conbat vehicles, the contractor's
supplier is to estimate for the contractor the nunber, size and delivery schedul e
of the ballistic test plates which are to be submitted for first article
acceptance testing. A lead tine of 60 days after the contract has been signed is
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to be allowed prior to shipnent of the first ballistic test plate(s) to APGto
insure that all administrative functions for the establishment of a new project
have been conpleted in preparation for the test. The contracting government
agency is to initiate the new project through a letter to Commander, US Arny Test
and Eval uation Conmand, ATTN. AMSTE-TM Aberdeen Proving G ound, MD 21005-5005
requesting a cost estimate for the ballistic testing of the applicable nunber and
sizes of plates. |In the case of increases in scope of existing projects, simlar
correspondence i s needed.

6.8 Metric units. Wen netric dinmensions are required, units for inch,
foot, foot-pounds feet per second, and pounds per square inch may be converted
to the metric equivalent by multiplying themby the foll ow ng conversion
factors:

To go from To get
Engl i sh Multiply by Metric SI unit
i nch 0. 0254 metre (m
f oot 0. 3048 metre (m
foot-1b 1. 3558 joule (J)
feet/sec 0. 3048 metre per second (nis)
pounds/sqg. inch 0. 00689 mega pascal (npa)

NOTE: Conversion factors can be obtained from ASTM E380 entitled "Metric
Practice Guide".

6.9 Definitions.

6.9.1 Contractor. The term"contractor" is defined as the organi zation
having a direct contract with the procuring activity.

6.9.2 Mnufacturer. The term “manufacturer” is defined as the organization
actually perform ng the operations covered by this specification

6.9.3 Procuring activity. The term"procuring activity" is that activity
of the Government which actually initiates the request for procurenent and
mai ntai ns the records of the procurenent.

6.10 Subject term (key word) listing.

Ballistic limt

Bal listic testing
Chemi cal analysis
Mechani cal properties
oliquity

Projectile

6.11 Changes from previous issue. Marginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
extent of the changes.

10
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APPENDI X A
ARMOR PLATE, ALUM NUM ALLOY, 7039
A.1 SCCPE

A.1.1 Scope. This appendix covers the mninmnumballistic [imts for
acceptabl e requirements of alum numalloy arnmor plate, 7039 when tested in
accordance with the provisions of this specification. Wen there is nutua
agreement between contractor and procuring activity, this appendi x becones a
mandatory part of this specification and the information contained herein is
i ntended for conpliance.

A. 2 APPL| CABLE DOCUMENTS

A. 2.1 Covernnent docunents.

A.2.1.1 Specifications, standards, and handbooks. The foll ow ng
speci fications, standards, and handbooks forma part of this document to the extent
specified herein. Unless otherw se specified, the issues of these docunents are
those listed in the issue of the Departnment of Defense Index of Specifications and
St andards (DoDI SS) and suppl ement thereto, cited in the solicitation (see 6.2).

STANDARDS
DEPARTMENT OF DEFENSE

M L-STD-662 - V5o Ballistic Test For Arnor

(Unl ess ot herw se indicated, copies of the above specifications, standards, and
handbooks are available fromthe Defense Automated Printing Service (DAPS)
Bl dg. 4D, 700 Robbi ns Avenue, Phil adel phia, PA 19111-5094.)

A. 3 DEFI NI TI ONS

A. 3.1 Conplete penetration, (CP). A conplete penetration occurs when the
i npacting projectile, or any fragnent thereof, or any fragment of the test
speci men perforates the witness plate, resulting in a crack or hole which
permts |ight passage when a 60-watt, 110-volt bulb is placed proximate to the
wi t ness pl ate.

A 3.2 Fair inpact. An inpact should be considered fair when an unyawed
fragment sinulator or test projectile strikes an unsupported area of the target
material at a specified obliquity at a distance of at |east two projectile
di anmeters from any previous inpact or disturbed area resulting froman inpact,
or fromany crack, or fromany edge of the test specinen.

A.3.3 Gap. Agap is the difference in fps between the high parti al
penetration velocity and the | ow conpl ete penetration velocity used to conpute
the ballistic imt when the high partial penetration velocity is |ower than the
| ow conpl ete penetration velocity.

A. 3.4 Partial penetration, (PP). Any inpact which is not a conplete
penetration shoul d be considered a partial penetration

A.3.5 Wtness plate. A thin sheet |ocated behind and parallel to the
ballistic test sanple which is used to detect penetrating projectiles or spall

11
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A. 4 REQUI REMENTS

A 4.1 Resistance to penetration. The mnimumrequired ballistic limt
shall be in accordance with the values shown in tables A1 through A-VI.

A. 5 TESTS

A.5.1 Ballistic tests. Testing shall be in accordance with M L-STD 662,
V50 Ballistic Test For Arnor, except that nothing in this procedure shall be

construed to supersede or invalidate the requirenents of this specification

A.5.1.1 Tenperature conditioning. Prior to the test, the test iten(s) wll
be tenperature conditioned at |east eight hours. Thernostatic control wll be

such that the average tenperature of the itemduring the test shall be 72 + 15°F
(22 = 8°C).

A.5.1.2 Protection ballistic limt, BL(P).

A.5.1.2.1 Normal circunstances. The BL(P) shall consist of an equal nunber
of fair inpact conplete and partial penetration velocities attained by the up-
and-down firing method. All BL(P)'s shall be conputed using the highest parti al
penetration velocities and the | owest conplete penetration velocities. Firing
shall continue until either a 4-round BL(P) having a nmaxi mum vel ocity spread of
60 fps or a 6-round BL(P) having a maxi mumvel ocity spread of 90 fps has been
attai ned, whichever cones first in the normal sequence of firing. |If both occur
si mul t aneously, the 6-round BL(P) will be reported.

A.5.1.2.2 Large zone of mxed results. In the event that the zone of m xed
results (difference between the high partial penetration velocity and the | ow
conpl ete penetration velocity, the (PP) velocity being higher than the | ow (CP)
vel ocity) exceeds 90 fps, the firing data will be conpared with the
specification mninmumballistic requirenents. |If the | owest conplete
penetration velocity is equal to or above the m nimum specified ballistic limt
velocity for the plate thickness, the ballistic limt will be computed on the
basis of 4 or 6-rounds using the smallest possible velocity spread. [If the
| owest conpl ete penetration velocity is below the m ninmum allowable ballistic
l[imt velocity, then testing will continue until a 10-round ballistic limt has
been attained using the small est possible velocity spread. Ten-round ballistic
l[imts will be reported as agreed upon between contractor and procuring activity.

A.5.1.2.3 Reduction of large velocity gap in borderline cases. |If the

ballistic limt, which has been determned, is within + 10 fps fromthe m ni mum
allowabl e ballistic [imt and a gap exists which is greater than 25 fps, then
anot her round, or rounds, will be fired to reduce the gap to 25 fps or |ess.
The ballistic imt will then be reconputed using the above criteria. The
reconmputed BL(P) will be reported as the BL(P) of the plate (in borderline
cases, a reduction of the gap between the high partial penetration velocity and
the I ow conplete velocity should result in a better evaluation of the BL(P)

A.5.2 Rejection and retest of ballistic plates.

A.5.2.1 First article tests (rejection). Unless otherwi se specified in the
contract or order, failure of any of the first article test plates to neet the
m ni mum bal listic requirenents shown in the appendi x of this specification
i ndicates failure of the product and process.

12
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A.5.2.2 First article (retests). Subm ssion of ballistic retest plates
shall not be made until the manufacturer has nade the necessary corrections in
the processing of the material to the satisfaction of the procuring activity.
Two retest plates shall be submtted for first article testing, and both tests
must pass; otherw se, the arnor material shall be rejected.

A.5.2.3 Acceptance tests (rejection). Unless otherwi se specified in the
contract or order, failure of a test plate to neet the ballistic requirenents
indicates failure of the lot; however, the final decision will depend on the
outconme of retests, if submtted

A.5.2.4 Acceptance tests (retests). |If a test plate representing a | ot
fails to neet the ballistic requirenent, the nmanufacturer, upon notification of
the failure may subnmit at his own expense two additional test plates fromthe
same lot for ballistic retest. |If either of these plates fail the ballistic
test, the lot shall be rejected. The manufacturer may elect to resubmt the | ot
after retreatnment of the entire lot by submtting two additional test plates.
If either of these plates fail, the lot shall be permanently rejected.

A.5.3 Disposition of ballistic test plates.

A.5.3.1 First article test plates. Upon request of the applicant within 15
days after ballistic testing, first article plates will be returned "as is" to
the applicant, at his expense, unless the plates were destroyed in testing.

A.5.3.2 Acceptance test plates. Acceptance test plates that conply with
the requirenents of this specification are considered as part of the [ot they
represent, and ownership of the test plates passes to the Government with the
acceptance of that lot. Acceptance test plates that fail to conmply with the
requi renents of this specification are considered as part of the [ot they
represent and remain the property of the producer just as the rejectable |ot
does. The failed plates will be returned, upon request, as in A 5.3.1.

13
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TABLE A-1. Mnimumrequired ballistic limts - caliber .30
AP M2 projectiles at 30° obliquity.

Requi r ed Requi r ed Requi r ed
Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
0. 475 1378 0. 580 1604 0. 685 1804
. 480 1390 . 585 1614 . 690 1813
. 485 1401 . 590 1624 . 695 1822
. 490 1413 . 595 1634 . 700 1831
. 495 1424 . 600 1644 . 705 1839
* .500 1435 . 605 1654 . 710 1848
. 505 1446 . 610 1664 . 715 1857
. 510 1457 . 615 1674 . 720 1866
. 515 1468 . 620 1683 . 725 1874
. 520 1479 . 625 1693 . 730 1883
. 525 1490 . 630 1702 . 735 1891
. 530 1501 . 635 1712 . 740 1900
. 535 1511 . 640 1721 . 745 1909
. 540 1522 . 645 1730 ** 749 1915
. 545 1533 . 650 1739 . 750 1917
. 550 1543 . 655 1748 . 755 1926
. 555 1554 . 660 1758 . 760 1934
. 560 1564 . 665 1767 . 765 1942
. 565 1574 . 670 1776 . 770 1950
. 570 1584 . 675 1786 . 775 1959
. 575 1594 . 680 1795 - -

* Specification requirenments begin for this ordered thickness.

** Specification requirements end for this ordered thickness.

14
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TABLE A-11. Mnimumrequired ballistic limts - caliber .50 fragnent

simulating projectiles at 0° obliquity

Requi r ed Requi r ed Requi r ed
Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
0. 700 1666 0. 790 2012 0. 880 2427
. 705 1683 . 795 2033 . 885 2452
. 710 1701 . 800 2054 . 890 2478
. 715 1719 . 805 2076 . 895 2504
. 720 1737 . 810 2097 . 900 2530
. 725 1755 . 815 2119 . 905 2556
. 730 1774 . 820 2142 . 910 2583
. 735 1793 . 825 2164 . 915 2610
. 740 1811 . 830 2187 . 920 2637
. 745 1831 . 835 2210 . 925 2665
* . 750 1850 . 840 2233 . 930 2693
. 755 1869 . 845 2256 . 935 2721
. 760 1889 . 850 2280 . 940 2749
. 765 1909 . 855 2304 . 945 2778
. 770 1929 . 860 2328 ** 950 2807
. 775 1949 . 865 2352 . 955 2836
. 780 1970 . 870 2377 . 960 2866
. 785 1991 . 875 2402 . 965 2895
. 970 2926
. 975 2956
. 980 2987
. 985 3018
. 990 3049
. 995 3081
1. 000 3113

* Speci fication requirenments begin for this ordered thickness.

** Specification requirements end for this ordered thickness.
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TABLE A-111. Mnimumrequired ballistic limts - 20 nm fragnent

simulating projectiles at 0° obliquity.

Requi r ed Requi r ed Requi r ed
Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
0. 940 1225 1. 140 1618 1. 340 2126
0. 945 1234 1.145 1629 1. 345 2141
* 0.951 1242 1. 150 1640 1. 350 2155
0. 955 1251 1.155 1652 1. 355 2170
0. 960 1260 1.160 1663 1. 360 2185
0. 965 1269 1.165 1675 1. 365 2199
0. 970 1278 1.170 1686 1.370 2214
0. 975 1287 1.175 1698 1.375 2229
0. 980 1296 1.180 1709 1. 380 2244
0. 985 1305 1.185 1721 1.385 2260
0. 990 1314 1.190 1733 1.390 2275
0.995 1323 1.195 1745 1.395 2290
1. 000 1332 1. 200 1757 1. 400 2306
1. 005 1342 1. 205 1769 1. 405 2321
1.010 1351 1.210 1781 1.410 2337
1.015 1361 1.215 1793 1.415 2353
1. 020 1370 1.220 1806 1.420 2369
1.025 1380 1.225 1818 1.425 2385
1.030 1389 1.230 1831 1.430 2401
1.035 1399 1.235 1843 1.435 2417
1. 040 1409 1. 240 1856 1. 440 2434
1. 045 1419 1.245 1869 1. 445 2450
1. 050 1429 1. 250 1881 1. 450 2467
1. 055 1439 1. 255 1894 1. 455 2483
1. 060 1449 1. 260 1907 1. 460 2500
1. 065 1459 1. 265 1920 1. 465 2517
1.070 1469 1.270 1933 1.470 2534
1.075 1479 1.275 1947 1. 475 2551
1.080 1489 1.280 1960 1.480 2568
1.085 1500 1.285 1973 1.485 2585
1.090 1510 1.290 1987 1.490 2603
1.095 1521 1.295 2000 1.495 2620
1.100 1531 1. 300 2014 ** 1.500 2656
1.110 1552 1. 310 2041 1.510 2673
1.115 1563 1.315 2055 1.515 2691
1.120 1574 1. 320 2069 1.520 2709
1.125 1585 1.325 2083 1.525 2728
1.130 1596 1.330 2098 1.530 2746
1.135 1607 1.335 2112

* Specification requirenments begin for this ordered thickness.

** Specification requirements end for this ordered thickness.
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TABLE A-1V. Mnimumrequired ballistic limts - caliber .30
AP M2 projectiles at 0° obliquity.

Requi r ed Requi r ed Requi r ed
Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
0. 940 1997 1. 140 2252 1. 340 2481
0. 945 2004 1.145 2258 1. 345 2487
* 0.951 2010 1. 150 2264 1. 350 2492
0. 955 2017 1.155 2270 1. 355 2498
0. 960 2024 1.160 2276 1. 360 2503
0. 965 2030 1.165 2282 1. 365 2508
0. 970 2037 1.170 2288 1.370 2514
0. 975 2044 1.175 2294 1.375 2519
0. 980 2050 1.180 2299 1. 380 2525
0. 985 2057 1.185 2305 1.385 2530
0. 990 2063 1.190 2311 1.390 2535
0.995 2070 1.195 2317 1.395 2541
1. 000 2077 1. 200 2323 1. 400 2546
1. 005 2083 1. 205 2329 1. 405 2551
1.010 2090 1.210 2335 1.410 2557
1.015 2096 1.215 2340 1.415 2562
1. 020 2102 1.220 2346 1.420 2567
1.025 2109 1.225 2352 1.425 2573
1.030 2115 1.230 2358 1.430 2578
1.035 2122 1.235 2363 1.435 2583
1. 040 2128 1. 240 2369 1. 440 2588
1. 045 2134 1.245 2375 1. 445 2594
1. 050 2141 1. 250 2381 1. 450 2599
1. 055 2147 1. 255 2386 1. 455 2604
1. 060 2153 1. 260 2392 1. 460 2609
1. 065 2160 1. 265 2398 1. 465 2615
1.070 2166 1.270 2403 1.470 2620
1.075 2172 1.275 2409 1. 475 2625
1.080 2178 1.280 2415 1.480 2630
1.085 2185 1.285 2420 1.485 2635
1.090 2191 1.290 2426 1.490 2640
1.095 2197 1.295 2431 1.495 2646
1.100 2203 1. 300 2437 ** 1.500 2651
1.105 2209 1. 305 2443 1. 505 2656
1.110 2215 1. 310 2448 1.510 2661
1.115 2222 1.315 2454 1.515 2666
1.120 2228 1. 320 2459 1.520 2671
1.125 2234 1.325 2465 1.525 2676
1.130 2240 1.330 2470 1.530 2681
1.135 2246 1.335 2476

* Speci fication requirenments begin for this ordered thickness.

** Specification requirements end for this ordered thickness.
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TABLE A-V. Mnimumrequired ballistic limts - caliber .50
AP M2 projectiles at 0° obliquity.
Requi r ed Requi r ed Requi r ed

Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
1. 500 1955 1.695 2118 1.895 2274
* 1.501 1956 1.700 2122 1. 900 2278
1. 505 1959 1.705 2126 1.905 2281
1.510 1964 1.710 2130 1.910 2285
1.515 1968 1.715 2134 1.915 2289
1.520 1972 1.720 2138 1.920 2293
1.525 1976 1.725 2142 1.925 2296
1.530 1981 1.730 2146 1.930 2300
1.535 1985 1.735 2150 1.935 2304
1. 540 1989 1.740 2154 1.940 2307
1. 545 1994 1.745 2158 1.945 2311
1. 550 1998 1.750 2162 1.950 2315
1. 555 2002 1.755 2166 1.955 2319
1. 560 2006 1.760 2170 1. 960 2322
1. 565 2011 1.765 2174 1.965 2326
1.570 2015 1.770 2178 1.970 2330
1.575 2019 1.775 2182 1.975 2333
1.580 2023 1.780 2186 1.980 2337
1.585 2028 1.785 2190 1.985 2341
1.590 2032 1.790 2193 1.990 2344
1.595 2036 1.795 2197 1.995 2348
1. 600 2040 1. 800 2201 2. 000 2352
1. 605 2044 1. 805 2205 2.005 2355
1.610 2049 1.810 2209 2. 010 2359
1.615 2053 1.815 2213 2.015 2363
1.620 2057 1. 820 2217 2. 020 2366
1.625 2061 1.825 2221 2.025 2370
1.630 2065 1.830 2224 2.030 2373
1.635 2069 1.835 2228 2.035 2377
1. 640 2073 1. 840 2232 2. 040 2381
1. 645 2077 1. 845 2236 2. 045 2384
1. 650 2082 1. 850 2240 2. 050 2388
1. 655 2086 1. 855 2244 2.055 2391
1. 660 2090 1. 860 2247 2. 060 2395
1. 665 2094 1. 865 2251 2. 065 2398
1.670 2098 1.870 2255 2.070 2402
1.675 2102 1.875 2259 2.075 2406
1.680 2106 1. 880 2263 2.080 2409
1.685 2110 1.885 2266 2.085 2413
1.690 2114 1.890 2270 2.090 2416
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TABLE A-V. Mnimumrequired ballistic limts - caliber .50

AP M2 projectiles at 0° obliquity - Continued.

Requi r ed Requi r ed Requi r ed

Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
2.095 2420 2.295 2558 2.495 2689
2.100 2423 2. 300 2561 2.500 2692
2.105 2427 2. 305 2564 2.505 2695
2.110 2430 2. 310 2568 2.510 2698
2.115 2434 2. 315 2571 2.515 2701
2.120 2437 2. 320 2574 2.520 2705
2.125 2441 2.325 2578 2.525 2708
2.130 2444 2. 330 2581 2.530 2711
2.135 2448 2.335 2584 2.535 2714
2. 140 2451 2. 340 2588 2. 540 2717
2.145 2455 2. 345 2591 2.545 2720
2.150 2458 2. 350 2594 2.550 2724
2.155 2462 2.355 2598 2.555 2727
2.160 2465 2. 360 2601 2.560 2730
2.165 2469 2. 365 2604 2.565 2733
2.170 2472 2.370 2608 2.570 2736
2.175 2476 2. 375 2611 2.575 2739
2.180 2479 2. 380 2614 2.580 2742
2.185 2483 2.385 2617 2.585 2746
2.190 2486 2. 390 2621 2.590 2749
2.195 2490 2.395 2624 2.595 2752
2. 200 2493 2. 400 2627 2. 600 2755
2.205 2497 2. 405 2630 2. 605 2758
2. 210 2500 2.410 2634 2. 610 2761
2.215 2503 2. 415 2637 2. 615 2764
2. 220 2507 2. 420 2640 2.620 2767
2.225 2510 2.425 2643 2.625 2770
2.230 2514 2.430 2647 2.630 2774
2.235 2517 2.435 2650 2.635 2777
2. 240 2520 2. 440 2653 2. 640 2780
2. 245 2524 2. 445 2656 2. 645 2783
2. 250 2527 2. 450 2660 2. 650 2786
2.255 2531 2. 455 2663 2. 655 2789
2. 260 2534 2. 460 2666 2. 660 2792
2. 265 2537 2. 465 2669 2. 665 2795
2.270 2541 2. 470 2673 2.670 2798
2.275 2544 2. 475 2676 2.675 2801
2.280 2548 2. 480 2679 2. 680 2804
2.285 2551 2.485 2682 2.685 2807
2.290 2554 2. 490 2685 2.690 2811
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TABLE A-V. Mnimumrequired ballistic limts - caliber .50
AP M2 projectiles at 0° obliquity - Continued.

Requi r ed Requi r ed Requi r ed

Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
2.695 2814 2.810 2883 2.925 2951
2.700 2817 2.815 2886 2.930 2954
2.705 2820 2.820 2889 2.935 2957
2.710 2823 2.825 2892 2. 940 2960
2.715 2826 2.830 2895 2.945 2963
2.720 2829 2.835 2898 2.950 2965
2.725 2832 2. 840 2901 2.955 2968
2.730 2835 2. 845 2904 2. 960 2971
2.735 2838 2. 850 2907 2.965 2974
2.740 2841 2.855 2910 2.970 2977
2.745 2844 2. 860 2913 2.975 2980
2.750 2847 2. 865 2916 2.980 2983
2.755 2850 2.870 2919 2.985 2986
2.760 2853 2.875 2922 2.990 2989
2.765 2856 2.880 2925 2.995 2991
2.770 2859 2.885 2927 ** 3.000 2994
2.775 2862 2.890 2930 3. 005 2997
2.780 2865 2.895 2933 3. 010 3000
2.785 2868 2.900 2936 3.015 3003
2.790 2871 2.905 2939 3. 020 3006
2.795 2874 2.910 2942 3.025 3009
2. 800 2877 2.915 2945 3.030 3012
2.805 2880 2.920 2948

* Specification requirenments begin for this ordered thickness.

** Specification requirements end for this ordered thickness.
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TABLE A-VI. Mnimumrequired ballistic limts - caliber 14.5 mm
APl , BS41 projectiles at 0° obliquity.
Requi r ed Requi r ed Requi r ed
Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
2.950 2615 3.135 2739 3. 320 2857
2.955 2619 3. 140 2742 3.325 2860
2. 960 2622 3. 145 2746 3. 330 2864
2.965 2626 3. 150 2749 3.335 2867
2.970 2629 3.155 2752 3. 340 2870
2.975 2633 3. 160 2755 3. 345 2873
2.980 2636 3. 165 2759 3. 350 2876
2.985 2640 3.170 2762 3.355 2879
2.990 2643 3.175 2765 3. 360 2882
2.995 2647 3.180 2769 3. 365 2885
* 3.001 2650 3.185 2772 3.370 2888
3. 005 2653 3.190 2775 3.375 289
3. 010 2656 3.195 2779 3. 380 2895
3.015 2660 3. 200 2782 3.385 2898
3. 020 2663 3. 205 2785 3. 390 290
3.025 2666 3. 210 2788 3.395 2904
3.030 2670 3. 215 279l 3. 400 2907
3.035 2673 3. 220 2795 3. 405 2910
3. 040 2676 3.225 2798 3. 410 2913
3. 045 2680 3. 230 280l 3. 415 2916
3. 050 2683 3.235 2804 3. 420 2920
3.055 2686 3. 240 2808 3.425 2923
3. 060 2689 3. 245 281 | 3.430 2926
3. 065 2693 3. 250 281 4 3.435 2929
3.070 2696 3. 255 2817 3. 440 2932
3.075 2699 3. 260 2820 3. 445 2935
3.080 2703 3. 265 2823 3. 450 2938
3.085 2706 3. 270 2826 3. 455 2941
3.090 2709 3. 275 2829 3. 460 2944
3.095 2713 3. 280 2833 3. 465 2948
3. 100 2716 3.285 2836 3. 470 2950
3.105 2719 3. 290 2839 3. 475 2953
3.110 2722 3.295 2842 3.480 2956
3.115 2726 3. 300 2845 3.485 2959
3.120 2729 3. 305 2848 3. 490 2962
3.125 2732 3. 310 2851 3. 495 2965
3.130 2736 3. 315 2854 3. 500 2968
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TABLE A-VI. Mnimumrequired ballistic limts - caliber 14.5 mm
APl , BS41 projectiles at 0° obliquity - Conti nued.

Requi r ed Requi r ed Requi r ed

Thi ckness, BL(P), Thi ckness, BL(P), Thi ckness, BL( P)
in. f ps in. f ps in. f ps
3.505 2971 3.690 308l 3.875 3185
3.510 2974 3.695 3084 3. 880 3187
3.515 2978 3.700 3087 3.885 3190
3.520 2980 3.705 3090 3. 890 3193
3.525 2983 3.710 3093 3.895 3195
3.530 2986 3.715 3096 3. 900 3198
3.535 2989 3.720 3099 3.905 3200
3. 540 2992 3.725 3102 3.910 3203
3. 545 2995 3.730 3104 3.915 3206
3. 550 2998 3.735 3107 3.920 3208
3.555 300l 3. 740 3110 3.925 321
3. 560 3004 3. 745 3113 3.930 3214
3.565 3007 3. 750 3116 3.935 3216
3.570 3010 3. 755 3119 3. 940 3219
3.575 3013 3.760 3122 3. 945 3222
3.580 3016 3.765 3125 3. 950 3224
3.585 301 9 3.770 3127 3.955 3226
3.590 3022 3.775 3130 3. 960 3229
3.595 3025 3.780 3133 3. 965 3232
3. 600 3028 3.785 3136 3.970 3234
3. 605 3031 3.790 3138 3.975 3237
3. 610 3034 3.795 3141 3.980 3240
3.615 3037 3. 800 3144 3.985 3242
3.620 3040 3. 805 3147 3.990 3245
3.625 3043 3. 810 3150 3.995 3248
3.630 3046 3.815 3152 ** 4.000 3250
3.635 3049 3. 820 3155 4. 005 3252
3. 640 3052 3.825 3158 4.010 3255
3. 645 3055 3.830 3160 4.015 3257
3. 650 3058 3.835 3163 4.020 3260
3. 655 3061 3. 840 3166 4.025 3262
3. 660 3064 3. 845 3168 4. 030 3265
3. 665 3067 3. 850 3171 4.035 3267
3.670 3070 3.855 3174 4.040 3270
3.675 3073 3. 860 3177 4.045 3272
3. 680 3075 3. 865 3179 4. 050 3275
3.685 3078 3.870 31 82

* Specification requirenents begin for this test at ordered thickness.

** Specification requirements end for this test at ordered thickness.
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