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PERFORMANCE SPECI FI CATI ON
ARMOR: LI GHTWEI GHT, COMPOSI TE

This specification is approved for use by all Departments and Agenci es of the
Depart ment of Defense.

1. SCCPE

1.1 Scope. This specification covers the performance requirenments for
I i ght wei ght conposite arnmor (see 6.1).

1.2 dassification. The conposite arnmor should be classified into these types
and cl asses according to its ballistic protection limt (ballistic resistance):

Type | 5.56 mm
Class 1 - MB55 lead ball with steel tip projectile at nuzzle
velocity (3100 ft (945 m) per second).

Type Il 7.62 nm (0. 30 caliber)
Cass 1 - Lead or mld steel core ball projectile at nuzzle
velocity (2850 ft (869 m per second).

Cass 2 - Hard steel core arnor piercing (AP) projectile at
muzzl e velocity (2850 ft (869 m per second).

Cass 3 - Heavy density core sabot | aunched arnor piercing
(SLAP) projectile at muzzle velocity (4000 ft (1219 nm) per second).

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. AMBRL-WM M APG NMD 21005-5069 by using the Standardization
Docurent | nprovenent Proposal (DD Form 1426) appearing at the end of this
docunent or by letter.

AVEC N A AREA CWPS
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Type 111 12.7 mm (0.50 cali ber)
Cass 1A - MId steel core ball projectile at 1000 neters
range (1600 ft (487 nm) per second).

Class 1B - MId steel core ball projectile at 500 neters range
(2000 ft (610 m per second).

Cass 1C- MId steel core ball projectile at nmuzzle velocity
(2850 ft (869 m per second).

Cass 2A - Hard steel core arnor piercing (AP) projectile at
1000 neters range (1600 ft (487 m per second).

Cass 2B - Hard steel core arnor piercing (AP) projectile at
500 neters range (2000 ft (610 m) per second).

Cass 2C - Hard steel core arnor piercing (AP) projectile at
muzzl e velocity (2850 ft (869 m per second).

Cass 3 - Heavy density core sabot |aunched arnor piercing
(SLAP) projectile at muzzle velocity (4000 ft (1219 nm) per second).

Type IV 14.5 mm
Cass 1 - Hard steel core arnor piercing incendiary (APl) B32
projectile at nmuzzle velocity (3250 ft (991 n) per second).

Class 2 - Hard steel core arnor piercing incendiary (APl) BS-41
projectile at nmuzzle velocity (3250 ft (991 n) per second).

2. APPL| CABLE DOCUMENTS

2.1 GCeneral. The docunents listed in this section are specified in sections 3
and 4 of this specification. This section does not include docunments in other
sections of this specification or recommended for additional information or as
exanpl es. Wiile every effort has been nade to ensure the conpl eteness of this
list, docunent users are cautioned that they nmust neet all specified

requi renents docunments 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 foll ow ng specifications,
st andards, and handbooks forma part of this docunent to the extent specified
herein. Unless otherw se specified, the issues of these docunents are those
listed in the issue of the Departnent of Defense Index of Specifications and

St andards (DoDI SS) and suppl ement thereto, cited in the solicitation (see 6.2).

SPECI FI CATI ONS
DEPARTMENT OF DEFENSE

M L- PRF- 5624 - Turbi ne Fuel, Aviation, Gades JP-4, JP-5, And JP-5/JP-8 ST
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STANDARDS
DEPARTMENT OF DEFENSE

M L-STD-662 - V5o Ballistic Test For Arnor
M L- STD- 810 Envi ronnental Test Met hods And Engi neering Cui delines

(Unl ess ot herw se indicated, copies of the above specifications, standards, and
handbooks are available fromthe Standardi zati on Docunent Order Desk, 700
Robbi ns Avenue, Buil ding 4D, Phil adel phia, PA 19111-5094).

2.3 Non- Governnent publications. The followi ng docunments forma part of this
docunent to the extent specified herein. Unless otherw se specified, the issues
of the docunments which are DoD adopted are those listed in the issue of the
DoDI SS cited in the solicitation. Unless otherw se specified, the issues of
docunments not listed in the DoDI SS are the issues of the docunents cited in the
solicitation (see 6.2).

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

ASTM D792 - Density and Specific Gavity (Relative Density) of Plastics
by Di spl acenment

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

2.4 Oder of precedence. In the event of a conflict between the text of this
docunment and the references cited herein, the text of this docunent takes
precedence. Nothing in this document, however, supersedes applicable |laws 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, a sanple
shall be subjected to first article inspection (see 4.2.1 and 6. 2).

3.2 Materials. Unless otherwi se specified (see 6.2), the materials are the
prerogative of the contractor as long as all the operating, environnental and
identification marking requirenments are fully net.

3.3 Construction. The contractor shall select the nethodol ogy of construction
provi ded these net hods are capabl e of yielding uniformproperties in the
conpl eted structure and that all structural interfaces have no unbounded areas.

3.3.1 Mdlding. If the process of nolding is used then the material shall be
nol ded into the required configuration w thout breaking or damaging the
material. Such procedures and nmethods shall be capable of yielding uniform
properties in the conpleted structure.

3.3.2 Spall cover and edge strip. If a spall cover is used then the spall cover
shal |l be of such a configuration as to cover the entire outer surface. The edge
strip shall be cut to go around the entire periphery of the conposite arnor and
extend beyond the inner edges 0.50-0.75 inches (12.7-19.0 mm). The edges shal
not fray before application to the conposite arnor.

3.3.3 Assenbly of conponents by bonding. Al conponents required to be
assenbl ed by bonding shall be thoroughly cleaned of all foreign matter
3
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Surfaces to be bonded shall be properly prepared in a manner which will insure a
proper bond capabl e of neeting the applicable performance requirenents specified
in 3.4. The required adhesive shall be applied uniformy over the entire contact
areas of the conponents to be joined. Wen bondi ng conponents, uniform pressure
shal |l be applied over the entire surface area in order to obtain intimte
contact of all conponents.

3.4 Operating requirenents.

3.4.1 Vgpballistic limt protection. The Vs ballistic limt protection, as
defined by ML-STD 662, shall be the following for the types and cl asses of
ar nor:

Type |, Cass 1 - Not less than 3100 ft (945 n) per second agai nst 5.56 mm
MB55 lead ball with steel tip projectiles at zero degrees
obliquity.

Type I, Cdass 1 - Not less than 2850 ft (869 n) per second against 7.62 mm

(0.30 caliber) lead or mild steel core ball projectile at
zero degrees obliquity.

Type Il, Cdass 2 - Not less than 2850 ft (869 n) per second against 7.62 mm
(0.30 caliber) hard steel core arnor piercing (AP)
projectile at zero degrees obliquity.

Type I, Cdass 3 - Not less than 4000 ft (1219 m per second against 7.62 mm
(0.30 caliber) heavy density core sabot |aunched arnor
piercing (SLAP) projectile at zero degrees obliquity.

Type 111, Cdass 1A - Not less than 1600 ft (487 n) per second against 12.7 mm
(0.50 caliber) mld steel core ball projectile at 1000
nmeters range at zero degrees obliquity.

Type 111, Cass 1B - Not less than 2000 ft (610 n) per second agai nst 12.7 mm
(0.50 caliber) mld steel core ball projectile at 500
nmeters range at zero degrees obliquity.

Type 111, Cass 1C - Not less than 2850 ft (869 n) per second agai nst 12.7 mm
(0.50 caliber) mld steel core ball projectile at zero
degrees obliquity.

Type 111, Cass 2A - Not less than 1600 ft (487 n) per second against 12.7 mm
(0.50 caliber) hard steel core arnor piercing (AP)
projectile at 1000 neters range at zero degrees obliquity.

Type 111, Cass 2B - Not less than 2000 ft (610 n) per second agai nst 12.7 mm
(0.50 caliber) hard steel core arnor piercing (AP)
projectile at 500 neters range at zero degrees obliquity.

Type 111, Cass 2C - Not less than 2850 ft (869 n) per second against 12.7 mm
(0.50 caliber) hard steel core arnor piercing (AP)
projectile at zero degrees obliquity.

Type 111, Cass 3 - Not less than 4000 ft (1219 m per second against 12.7 mm
(0.50 caliber) heavy density core sabot |aunched arnor
piercing (SLAP) projectile at zero degrees obliquity.

4
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Type IV, Cdass 1 - Not less than 3250 ft (991 n) per second agai nst 14.5 mm
hard steel core arnor piercing incendiary (APlI) B32
projectile at zero degrees obliquity.

Type IV, dass 2 - Not less than 3250 ft (991 n) per second agai nst 14.5 mm
hard steel core arnor piercing incendiary (APl) BS-41
projectile at zero degrees obliquity.

3.4.2 Ballistic deformation. Unless otherw se specified in the contract or
purchase order (see 6.2), the ballistic deformation of the back surface of the
arnor test specinmen shall not exceed 1.73 in. (44 nm.

3.4.3 Areal density. The areal density or arnor assenbly wei ght shall be as
specified by the procuring activity (see 6.2).

3.5 Environnental requirenents.

3.5.1 Vibration. The conposite arnor shall wthstand expected dynanic
vi brational stresses encountered in the service environnent.

3.5.2 Tenperature. The conposite arnor shall be both structurally and

bal listically (see 3.4.1) functional within the tenperature range -609F to

1609F (-519C to 719C). Conposite arnor intended for use around hot conponents
such as engines and transm ssions shall also be functional at tenperatures up to
3209F (160°0).

3.5.3 Acceleration. The conposite arnmor shall maintain structural integrity
wi t hout degradation and shall sustain no physical danage when exposed to
accel eration levels up to 12g.

3.5.4 Fluid resistance. The conposite arnor shall maintain structural and
ballistic integrity after imersion in jet fuel, oil, and water.

3.5.5 Humdity. The conposite arnor shall maintain structural integrity wthout
degradati on when exposed to 95%relative humdity.

3.5.6 Adhesion of the spall cover. If a spall cover is to be used there shal
be no visible peeling of the tab forned on the spall cover.

3.6 ldentification marking. The manufacturer's code (part) nunber, contract
nunber, serial nunber, date of manufacture, national stock nunber, type and
class of material, and the nunber of this specification shall be permanently
marked in the location specified by the procuring activity (see 6.2).

4. VERI FI CATI ON

4.1 Verification alternatives. Alternative test nethods, techniques, or

equi prent, including the application of statistical process control, too
control, or cost effective sanpling procedures nmay be proposed by the
contractor. Acceptable alternative verification approaches shall be identified
in the contract.

4.2 dassification of inspection. The inspection requirenments specified herein
are classified as foll ows:

a. First article inspection (see 4.2.1)
b. Confornmance inspection (see 4.2.2)
5
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4.2.1 First article inspection. Wien required (see 3.1), the first article
sanmpl e shall be exam ned for conpliance with the requirenments and verifications
listed in table I. Al sanples shall be produced with nmaterials and processes
proposed for use on production conposite arnor. |Inspection shall be carried out
by the contractor under CGovernment surveillance, when specified (see 6.2).

4.2.2 Conformance inspection. Confornmance inspection for acceptance of
producti on conposite arnor shall be conducted on a recurring basis and include
the exam nations and tests listed in table |

TABLE I. Requirenents and verification
Title Requi renents | Verification
Construction 3.3 4.3
Vs ballistic limt 3.4.1 4.4.1
protection
Bal | i stic defornmation 3.4.2 4.4.2
Areal density 3.4.3 4.4.3
Vi bration 3.5.1 4.4. 4
Tenperature 3.5.2 4.4.5
Accel eration 3.5.3 4.4.6
Fl uid resistance 3.5.4 4.4.7
Hum dity 3.5.5 4.4.8
Adhesi on of the spall cover 3.5.6 4.4.9
Identification marking 3.6 4.4.10

4.2.3 Lot formation. An inspection |lot shall consist of all the composite arnor
of one type and part nunber, froman identifiable production period, fromone
manuf acturer, submitted at one tinme for acceptance.

4.2.4 Initial production lot. The nunber of random sanples selected for
i nspection, fromeach initial production |ot of conmponents, shall be defined by
the procuring activity (see 6.2).

4.2.5 Production lots after initial |lot. The nunber of random sanpl es sel ected
for inspection, fromeach production |ot of components after the initial |ot,
shal | be defined by the procuring activity (see 6.2).

4.2.6 Acceptance and rejection. The selected arnor sanples shall neet the
requirenents in table | for the represented ot to be acceptable. Failure of any
test sanples to neet the requirenents in table |I shall constitute rejection of
the entire lot which they represent. Unless otherw se specified (see 6.2), the
ballistic tests shall be conducted and the test results accepted prior to

shi pment of the lot of arnor represented by the test sanples.

4.3 Visual inspection. Visual inspection shall be used to verify the method of
construction. Visual inspection shall also be used to verify that no unbounded
areas exist for all structural interfaces.

4.4 C(Qperating requirenents verification

4.4.1 Vsoballistic limt protection. The ballistic resistance test shall be

conducted in accordance with ML-STD-662. The contractor shall supply two test

sanmpl es for each three nonths of conposite arnor fabrication for ballistic

acceptance testing at a Governnent approved facility to show conformance to the

ballistic requirements in 3.4.1. The test sanples shall be adequately identified
6
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as to contractor, contract nunber, manufacturer, and date. The testing facility
shall report raw data, velocities, penetration observation, thickness, and the
ballistic type and class (see 1.2) for each test sanple.

4.4.2 Ballistic deformati on. Exam ne the arnor and the backing material to
determine if the projectile made a fair hit and whet her penetration occurred. If
no penetration occurred and the projectile made a fair hit, neasure and record
the depth of the depression made in the arnmor backing material to determ ne
conpliance with the ballistic deformation requirenent in 3.4.2. The depth of the
depression is the distance fromthe original undisturbed surface of the backing
material to the | owest point of the depression. A projectile that inpacts at too
high a velocity, but is otherwise a fair hit that neets the ballistic
deformation requirenment in 3.4.2, shall be considered a fair hit for the

determ nati on of deformation. Penetration (conplete or partial) by any fair hit,
not nmeeting the ballistic deformation requirement in 3.4.2, or penetration by a
projectile at a velocity lower than the mninumrequired inpact velocity, shal
constitute failure. The testing facility shall report ballistic deformation for
each test sanple.

4.4.3 Areal density. The areal density shall be reported for each test sanple.
The areal density in pounds per square foot (lb/ft? and in kilograms per square
meter (kg/nf) of the conposite arnor, shall be cal cul ated from neasurenents on
each conponent. Each conmponent shall be weighed to the nearest 0.01 Ib (0.0045
kg). The thickness shall be neasured to 0.00l in. (0.025 nm at four corner

| ocations on each conponent. Six neasurenents shall be nmade at each corner wth
the first measurenent taken approximately 1 in. (25 mm) fromthe edge of the
corner and the remaining five taken on a straight line toward the center of the
armor with the nmeasurenents spaced in approximately one inch increnments. A deep
throat type depth gage shall be used for taking neasurenents. The average of the
24 readings shall be used in the calculation of the areal density for each
conmponent. The average density of each conponent shall be determ ned by using
ASTM D792, except the i mersed weight shall be determined to 0.01 Ib (0.0045 kg)
and the liquid used shall be clean tap water, containing a wetting agent if
necessary, which shall be changed just prior to exam nation of each lot. The
areal density of the conposite arnor, w thout spall cover and spall cover edge
strip, shall be the cunul ative areal densities of each conponent calculated to
the nearest tolerance of 0.1 Ib/ft? or (0.2 kg/nf) as foll ows:

Areal density (Ib/ft?

5.202 x Density (g/cnf) x Thickness (in.).
Areal density (kg/nf) 1

= 10.000 x Density (g/cn?) x Thickness (cn).
4.4.4 Vibration. The conposite arnor shall be tested for vibration in
accordance with ML-STD 810, Method 514.4 for the follow ng vibration
envi ronnent categories and neet the requirenent specified in 3.5.1:

Cat egory Descri ption

Loose cargo Equi pnrent carried on ground vehicl es as unrestrai ned
car go

Jet aircraft Equi pnent installed in jet aircraft nmanned and unnmanned

Hel i copt er Equi prent installed in helicopters

G ound nobile Equi pnrent installed in wheel ed vehicles trailers and
tracked vehicles

Mar i ne Equi pnrent installed in ships or other naval watercraft

Mnimumintegrity test Al other and vibration-isol ated equi prent
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4.4.5 Tenperature. The conposite arnor shall be tested in accordance wth

M L- STD- 810, Methods 501. 3, 502.3, and 503.3 at the tenperature range specified
in 3.5.2. The conposite arnor shall then neet the ballistic requirenents in
3.4.1.

4.4.6 Acceleration. The conposite arnor shall be tested in accordance with
M L- STD- 810, Method 513.4 and neet the requirenment specified in 3.5.3.

4.4.7 Fluid resistance. The conposite arnor shall be imersed in jet fuel in
accordance with ML-PRF-5624, in a gas turbine engine lubricating oil primarily
used for aircraft engines, which has a nom nal viscosity of 5 centi Stokes at
100°C, made with neopentyl polyol ester base stock, and in water for a period of
twenty-four (24) hours each at 700 + 100F (210 + 50C). After thoroughly drying,
the conposite arnor shall then neet the ballistic requirenents in 3.4.1

4.4.8 Hunmidity. The conposite arnmor shall be tested in accordance wth
M L- STD- 810, Method 507.3 and neet the requirenment specified in 3.5.5.

4.4.9 Adhesion of the spall cover. The sanple for this test shall be nmade from
conposite arnor which has been tested ballistically using an undamaged area, or
a small test specinmen nade identically to the conposite armor with respect to
surface preparation, adhesion, application and bondi ng. Make parallel cuts

t hrough the spall cover 4 in. (102 nm long and 1 in. (25 nm apart. At one end
of the cut, nake a cut at a right angle so that a1 in. x 2 in. (25 mMmx 51 m)
tab can be peeled fromthe sanple. Attach a 2 Ib (0.9 kg) weight to this tab so
that the resultant peel force is normal to the plane of the sanple. Mike gage
mar ks on the sanple for the neasurenment of the amount of peeling during the
test. Allow the weight to stand for four (4) hours mnimum at roomtenperature.
Any visual peeling of the tab constitutes failure of the test.

4.4.10 Identification marking. Verify the presence of the required markings.

5. PACKAGQ NG

5.1 Packagi ng. For acquisition purposes, the packaging 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
responsi bl e packaging activity to ascertain requisite packaging requirenents.
Packagi ng requirenments are maintained by the Inventory Control Point's packagi ng
activity within the Mlitary Departnent or Defense Agency, or within the
Mlitary Departnent's System Conmand. Packaging data retrieval is available from
the managing Mlitary Department's or Defense Agency's automated packagi ng
files, CD-ROM products, or by contacting the responsi bl e packaging activity.

6. NOTES

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

6.1 Intended use. The |ightweight conposite arnmor covered by this specification
is mlitary unique because it is used in applications such as mlitary personne
body arnor, aircraft arnor, and applique arnmor for tactical shelters and Iight
vehi cl es when resistance to arnor piercing projectiles and limted multi-hit
capability are required.
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6.2 Acquisition requirenments. Acquisition docunments shoul d specify the
fol | owi ng:

a. Title, nunber, and date of the specification

b. Type and class of arnor (see 1.2).

c. Issue of DoDISS to be sited in the solicitation, and if required, the
specific issue of individual documents referenced (see 2.2 and 2.3).

d. When first article is required (see 3.1).

e. Wiether the material is to be specified (see 3.2).

f. Acceptable value for ballistic deformation, if different (see 3.4.2).

g. Acceptable value for areal density or arnor assenbly weight (see 3.4.3).

h. Specify | ocation of identification markings (see 3.6).

i. Whether inspection is carried out by the contractor under CGovernnent
surveillance (see 4.2.1)

j. Nunber of sanples to be inspected fromthe initial production |ot (see
4.2.4).

k. Nunber of sanples to be inspected fromthe production lots after the
initial production lot (see 4.2.5).

| . Acceptance requirenments prior to shipnment of the ot of arnor, if
different (see 4.2.6).

m Packagi ng requirenents (see 5.1).

6.3 Definitions.
6.3.1 Areal density. A neasure of the weight of arnor material per unit area,

usual | y expressed in pounds per square foot (Ib/ft? or kilograns per square
meter (kg/nf) of surface area.

6.3.2 Ballistic deformation. The maxi num nonmentary di spl acement of the back
surface of the arnor test specinmen caused by a fair hit that does not penetrate
the arnor when the arnmor is in initial contact with the backing materi al

6.3.3 Ballistic resistance. A neasure of the capability of a material or
conponent to stop or reduce the inpact velocity and mass of an inpacting
projectile or fragnent.

6.3.4 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.

6.3.5 Contractor. The term"contractor” is defined as the organization having a
direct contract with the procuring activity.

6.3.6 Fair hit. Abullet that inpacts the arnor at an angle of incidence no
greater than 150 fromthe intended angl e of incidence, no closer to the edge of
the arnor part than 3 in. (7.6 cn) and no closer to a prior hit than 2 in.

(5 cm, at an inpact velocity no nore than 50 ft (15 m per second greater than
the mninmumrequired test velocity.

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

6.3.8 Partial penetration, (PP). Any inpact which is not a conplete penetration
may be considered a partial penetration
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6.3.9 V5o ballistic limt protection, (Vs0BL(P)). The Vs ballistic Iimt
protection may be defined as the average of an equal nunber of highest parti al
penetration velocities and the | owest conpl ete penetration velocities which
occur within a specified velocity spread.

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

6.4 Certification activity. Unless otherw se designated, the U S. Arny Wapons
and Materials Research Directorate (WWMRD), APG MD, is responsible for the
certification of ballistic testing facilities and equi prment.

6.5 First-time suppliers. First-tinme suppliers who have not previously supplied
conposite arnor to ML-A-46103 and wish to have their material tested, may do so
at their own expense. It is recomended that inquiries for testing be directed
to Commander, U.S. Arny Test and Eval uati on Command, ATTN. ANMSTE- TM O, Aberdeen
Provi ng Ground, MD 21005. Technical questions regarding testing may be directed
to U S. Arny Aberdeen Test Center, ATTN. STEAC-LI, Aberdeen Proving G ound, M
21005.

6.6 Subject term (key word) listing.

Bal | i stic deformation
Muzzl e vel ocity
Projectile

Spal | cover

Vso ballistic limt
Wtness plate

Cust odi ans: Preparing activity:
Arny - MR Arny - MR
Navy - AS
Air Force - 11 Project No. CWPS-0137

Revi ew activities:
Arnmy - AR AT, AV, |IE TE

Navy - SH
Air Force - 13
DLA - DH

10
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