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M L- PRF- 46197A
16 April 1997

SUPERSEDI NG

M L- L-46197( MR

23 Decenber 1987

PERFCRVANCE SPEC FI CATI ON

LAM NATE: H GH STRENGTH GLASS, FABR G REI NFORCED, PCLYESTER RESI N
PREI MPREGNATED

This specification is approved for use by all Departments and Agencies of the
Departnment of Def ense.

1. SCCPE
1.1 Scope. This specification establishes the requirenents for a high

strength woven gl ass roving i npregnated with pol yester resin for nol ding thick
arnored vehicle structures.

1.2 dJdassification. Lanminates to be of the type specified (see 6.2):

Type 1 Fl at
Type 2 Curved

2. APPLI CABLE DOCUMENTS

2.1 Ceneral . The docunents listed in this section are specified in sections 3
and 4 of this specification. This section does not include documents in other
sections of this specification or recommended for additional information or as
exanpl es. Wile every effort has been nade to ensure the conpl eteness of this
list, document wusers are cautioned that they nust neet all specified
requi renents docunents cited in sections 3 and 4 of this specification,
whet her or not they are listed.

2.2 Covernnent docunents .

2.2.1 Specifications, standards, and handbooks . The follow ng specifications,
standards, and handbooks forma part of this document to the extent specified
herein. Unless otherwi se specified, the issues of these docunents are those
listed in the issue of the Departnment of Defense Index of Specifications and
Standards (DoDl'SS) and supplenment thereto, cited in the solicitation (see
6.2).

STANDARDS
DEPARTMENT OF DEFENSE
M L-STD-662 V50 Ballistic Test for Arnor
(Unl ess otherw se indicated, copies of the above specifications, standards,

and handbooks are avail able fromthe Standardi zati on Docunent O der Desk, 700
Robbi ns Avenue, Buil ding 4D, Phil adel phia, PA 19111-5094).

Beneficial comrents (reconmmendations, additions, deletions) and any
pertinent data which nay be of use in inproving this document should be
addressed to: Drector, US. Arny Research Laboratory, \Wapons and
Material s Research Directorate, ATTN AVBRL-WA M APG M 21005-5069 by
usi ng the Standardi zati on Docunent |nprovenent Proposal (DD Form 1426)
appearing at the end of this docunment or by letter.

AVBC N A AREA QWS
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2.3 Non-CGovernnent publications . The follow ng docunent forns a part of this
docunent to the extent specified herein. Unless otherwi 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).

AVERI CAN SOO ETY FOR TESTI NG AND MATERI ALS ( ASTM
ASTM D638 Standard Test Method for Tensile Properties of Pl astics

ASTM D695 Standard Test Method for Conpressive Properties of
Rigid Pl astics

ASTM D790 Standard Test Methods for Flexural Properties of
Unrei nforced and Reinforced Plastics and E ectri cal
Insul ating Materials

ASTM D792 Standard Test Methods for Density and Specific Gavity
(Rel ative Density) of Plastics by D spl acenent

ASTM D2343 Standard Test Method for Tensile Properties of Q ass
Fi ber Strands, Yarns, and Rovings Used in Reinforced
Pl astics

ASTM D2344 Standard Test Method for Apparent Interlam nar Shear
Strength of Parallel Fiber Conposites by Short-Beam
Met hod

ASTM D2584 Standard Test Method for Ignition Loss of CQured
Rei nf or ced Resins

ASTM D4065 Standard Practice for Determ ning and Reporting Dynanic
Mechani cal Properties of Plastics

ASTM E537 Standard Test Method for Assessing the Thermal
Stability of Chemicals by Methods of D fferential Thernal
Anal ysi s

(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
docunent and the references cited herein, the text of this docunment takes
precedence. Nothing in this docunent, however, supersedes applicable [aws and
regul ati ons unl ess a specific exenpti on has been obtai ned.

3. REQU REMENTS

3.1 First article. Wen specified (see 6.2), a sanple shall be subjected to
first article inspection in accordance with paragraph 4.2.1.

3.2 Conposition. The high strength glass woven roving shall be inpregnated
with a resin that has been fornulated in such a manner as to yield material
that neets the requirenments of this specification.
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3.3 Roving.

3.3.1 Yield. The nomnal roving yield shall be 250 yds/Ib (504 mkg) + 8.5%
Rovings with higher yield (750 or 1250 yds/Ib) may not be substituted wi thout
witten approval fromthe acquisition activity. A sem -conpatible sizing shall
be used.

3.3.2 Density. The roving shall have a package ball density of not |less than
0.035 I b/in® nor greater than 0.065 Ib/in 3

3.3.3 Hardness. The roving shall have a shore "O' package ball duroneter
hardness of not |ess than 50 nor greater than 90.

3.3.4 Catenary. The roving shall have a catenary requirenment of not greater
than 1.0 in/50 ft. Unless otherwi se specified, the catenary requiremnent
applies only to rovings having a yield of 700 or nore yards per pound.

3.3.5 Tensile strength. The roving shall have a tensile strength of not |ess
t han 400, 000 psi .

3.3.6 Resistance to fusion . An ignited specinmen shall be exam ned for fusion.
The speci men shall not fuse during the specified ignition.

3.3.7 Wwven glass roving . The naterial shall conformto the requirenents as
specified by the procuring activity. Fabric weight shall be 24 oz/yd 2+ 3%
(813 g/m? + 3% . Additional requirenents include:

a. A colored tracer yarn shall run down the center of the material
to indicate the warp direction.

b. The naterial shall be free of all knots. Splices between rovings

shall allow adequate strength to wthstand vertical tower prepregging.

Accept abl e nmet hods incl ude overw apping, air splicing, and adhesive splicing.

The adhesive used in the latter method shall be limted to the rovings being
spliced and shall not be spread to the surrounding fabric.

C. The fabric shall be evenly woven, clean, free of creases,
winkles and other forms of permanent distortion. The finished fabric shall
conform to the quality of product established herein. Any sizings or other
fabric treatnents shall be conpatible with the resin system or shall be
fornulated to ensure ease of renoval during standard fabric cleaning
oper ati ons.

3.3.8 Resin. The resin shall be in a form (liquid or solid) suitable for
i npregnating or furnished already i npregnated on fabric (pre-inpregnated). The
resin shall be free fromforeign nmaterials.

3.4 Prepreg physical properties

3.4.1 Characteristics. The inpregnated woven glass roving shall be a self-
tack nmaterial with good drape characteristics. Stiff boardlike material shall

not be acceptable. It shall release readily from the polyethyl ene separator

sheet without being deforned or losing resin fromthe surface.

3.4.2 Volatile content . Volatile content shall be not greater than 3%

3.4.3 Resin content . Resin content shall be 34 = 3% by weight.
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3.4.4 Resin flow. Resin flow shall be 8 + 4%

3.45 Gl tine. Cel tine shall be not |less than 50 seconds nor greater than
150 seconds.

3.5 Prepreg reactive properties . A heating rate of 3 °C (37.4°) per mnute
shal | be used. The tenperature range of the scan shall be roomtenperature to
200°C (392°F). The heat of reaction (cal/gn), onset tenperature ( °C), and peak
tenperature ( °C) shall be reported, along with the conplete Differential
Scanning Calorinetry (DSC) curve.

3.6 Lamnate properties .

3.6.1 Test panel . A cured lanm nate test panel shall be fabricated to conform
with the physical and nechanical property requirements in table I.

3.6.2 Hammmability. The flame on the |am nate shall self-extinguish within 15
seconds following a 10 mnute application in order to pass the test specified
in 4.6.8.

3.7 Lamnate ballistic property test nethod

3.7.1 Lami nate preparation . The lamnate shall have a thickness or aerial
density as specified in the contract. The fabric content shall be 68 = 3% by
wei ght .

3.7.2 Ballistic testing. The V50 ballistic limt shall neet or exceed 2380
ft/s (725 nis).

3.8 Storage and out-time requirenments . Material shall conply with the
requirenents of this specification after the foll ow ng:

a. 6 nonths storage in the shipping container at 39.2 °F (4°0Q or
| ess.

b. 240 hours at roomtenperature (80.6 °F (27°C) max) sealed in
a pol yet hyl ene bag.

After 6 nonths storage, the material nmay be recertified to this specification
for an additional 3 nonths shelf life. After 9 nonths storage the naterial may
be recertified again, for an additional 3 nonths. The nmaterial shall be
di sposed of after 1 year.

4. VER Fl CATI ON

4.1 Verification alternatives . Alternative test nethods, techniques, or
equi pnent, including the application of statistical process control, tool
control, or <cost effective sanpling procedures may be proposed by the

contractor. Acceptable alternative verification approaches shall be identified
in the contract.

4.2 Oassification of inspections . The inspection requirenents specified
herein are classified as foll ows:

a. First article inspection (see 4.2.1)

b. Conformance inspection (see 4.2.2)
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4.2.1 First article inspection . First article inspection shall be perforned
on the first production-representative sanple(s) of an order when a first
article sanple is required (see 3.1). The first article sanple(s) shall be
examned for all the provisions specified by the procuring activity, the
contract or the purchase order (see 6.2).

This inspection shall consist of the tests specified in 4.3 through 4.8. The
supplier has the option to perform either the Package (Ball) density or the
Shore "0 Package hardness test. Only one of these two tests is required.

4.2.2 Conformance inspection . Conformance inspection for acceptance of high
strength woven glass roving inpregnated with polyester resin shall neet all

the provisions specified by the procuring activity, the contract or the
purchase order (see 6.2).

4.3 Roving.

4.3.1 Yield. Conpute the roving yield by dividing the weight of the specinen
into the nmeasured length of the specinmen resulting in wunits such as
yar ds/ pound.

4.3.2 Density. Test the Package (Ball) density using the standard test

met hods for Density and Specific Gavity (Relative Density) of Plastics by
Di spl acenent, ASTM Dr92.

4.3.3 Hardness. Use a shore "O' durometer or equivalent to test the outernost
layer of the roving ball. Mbke three readings randomy spaced around the
circunference and along the length of the ball.

4.3.4 Catenary. Measure the distance between the furthermost separated
strands perpendicul ar to the | engthw se direction.

4.3.5 Tensile strength. Test five specinens per roving ball wusing the
standard test nethod for Tensile Properties of dass Fiber Strands, Yarns, and
Rovi ngs Used in Reinforced Pl astics, ASTM D2343.

4.3.6 Resistance to fusion . Ignite at a tenperature of 1494 + 45 °F (812 +
25°C) a specinen of accurately neasured | ength weighing 10 grans.

4.3.7 Wven glass roving . Examne the material for conpliance with the
requi renents specified in 3.3.7.

4.4 Prepreg physical properties

4.4.1 Characteristics . Examne the inpregnated woven glass roving for the
characteristics specified in 3.4.1.

4.4.2 VNolatile content . The specimen shall be three (3) 4 inch (10 cm square
pi eces of naterial. One piece to be cut from each side, within 6 inches (15
cm) of the edge, and a third piece cut fromthe center. The speci nen shall be
wei ghed, dried by suspending for 10 mnutes £+ 1 mnute in a circulating air
oven at the materials postcure tenperature 250 + 10 °F (121 + 6°C), cooled in a
desi ccator, and re-wei ghed.

Volatile Content %= (lnitial wt - DDy wt ) X 100
Initial w
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4.4.3 Resin content . The specinen shall be three (3) 4 inch (10 cn) square
pi eces of naterial. One piece to be cut from each side, within 6 inches (15

cm) of the edge, and a third piece cut fromthe center. The speci nen shall be

placed in a tared dry dish (or equivalent), weighed, and ignited in a muffle

furnace at 1051 * 50 °F (566 + 28°C) for 30 minutes or until the specinen has
the color of the glass reinforcenent. The crucible and contents shall be

cooled in a desiccator and re-wei ghed.

Resin Content %= (lnitial wt - Ignited wt ) X 100
Initial w

For reference, the fiber areal weight (oz/sq yd) shall also be reported based
on the ignited w/area of the specinen.

4.4.4 Resin flow. Four (4) 4 inch (10 cnm) square pieces of material, taken
fromacross the width of the material, shall be cut, stacked, and weighed. The
stack shall be covered wth 6 inch (15 c¢cn) squares of non-porous
pol ytetraf | uoroet hyl ene (PTFE) release fabric or equivalent, and placed in a
press at 15 psi (103 kPa) pressure and a platen tenperature of 250 °F (121°Q
for 10 mnutes. After renoving the specimen fromthe press, the rel ease fabric
shall be renmoved and edge flash shall be trimmed. The edge flash shall be
trimmed such that the remaining matrix is flush with the edge of the
fiberglass reinforcenment. Care shall be exercised during edge flash renoval to
ensure that fiberglass reinforcenent is not renoved during the edge flash
trimmng process. After trimmng, the specimen shall be re-wei ghed.

Resin flow %= (lnitial wt - Final w) X 100
Initial w

4.4.5 Cel tine. Approximately twenty (20) 2 inch (5 cn) square pieces of
material, taken across the width of the material, shall be cut, stacked,

wapped in foil, and placed in a press with the platens heated to the
materials’ postcure tenmperature. A hole shall be pierced in the edge of the
foil, and then pressure shall be applied to squeeze resin onto the |ower

pl aten. The extruded resin shall be stirred with a wooden spatula, and the
tinme for gelation to occur shall be noted. CGelation shall be indicated by a
rubbery, but not stringy, condition.

4.5 Prepreg reactive properties . A sanple of resin which has been
mechani cal |y renoved (by scraping) fromthe edge of the prepreg naterial shall
be anal yzed by Differential Scanning Calorinetry (DSC) according to the nethod
established in the standard test nmethod for Assessing the Thermal Stability of
Chem cals by Methods of Differential Thermal Analysis, ASTM E537.

4.6 Lam nhate properties .

4.6.1 Resin content . The standard test method for Ignition Loss of Cured
Rei nf orced Resins, ASTM D2584, shall be used.

4.6.2 Density. The standard test nethods for Density and Specific Qavity
(Relative Density) of Plastics by D splacenent, ASTM Dr92, shall be used.

4.6.3 Tensile. The standard test method for Tensile Properties of Plastics,

ASTM D638, Specimen Type |, shall be used. Speed of testing shall be 0.2
inch/mn (5.1 minin). The axis of the specinmen shall be inthe 0 ° direction.
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4.6.4 Flexural . The standard test nethods for Flexural Properties of
Unrei nforced and Reinforced Plastics and El ectrical Insulating Materials, ASTM
D790. The axis of the specinen shall be inthe 0 ° direction.

4.6.5 Conpressive strength . The standard test nethod for Conpressive
Properties of R gid Plastics, ASTM D695, shall be used. The axis of the
speci nen shall be in the 0 ° direction.

4.6.6 Short beam shear strength . The standard test nethod for Apparent
Interl am nar Shear Strength of Parallel Fiber Conposites by Short-Beam Met hod,
ASTM D2344 shall be used. The axis of the specinmen shall be in the O
di rection.

4.6.7 Jass transition tenperature . The glass transition tenperature “Tg”
shal | be determ ned according to ASTM D4065 using the foll owi ng paraneters:

Heating rate 3 °CUninute
Tenperature range RT-225 °C (437°F)
Gscillatory anplitude 0.2 mm

Qip length 2.54 cm (1 inch)

At nospher e Dry, nitrogen purge

The tenperature of the danping peak naxi mum shall be assigned as the “Tg”
val ue.

4.6.8 Flammbility . A weighed specimen |layed up and cured according to the
manuf acturers' specifications shall be supported in a vertical position on a
standard | aboratory jack with a 0.25 inch (6.35 nmm) layer of rigid thermal

insulating material between the jack and specinen. A 14 oz (414 m) propane
gas cylinder fitted with a “Turbo Torch” head, nodel STK-9 (Wngearsheek Co.,

Danvers, MA) or equival ent shall be adjusted to produce a 4-5 inch (10.2-12.7

cm) long flane jet. Wth the entire set up placed in a fune hood, the torch
shal |l be positioned such that the tip of the flame jet inpinges on the sanple
surface. The sanples shall then be subjected to the flame for 10 mnutes,

unl ess catastrophic failure, excessive snoke, or any other event dictates
termnation of the test. During the 10 mnute interval, significant events
shall be recorded with respect to elapsed tine: flame breakthrough, sustained
conbustion, time to flane, etc. At the 10 mnute nark, the flame source shall

be renmoved and the tine for any sustained flame to extinguish shall be noted
and the specimen shall be allowed to cool. The specinen shall then be weighed,

the weight |oss determ ned, and the specinen shall be sealed in a watertight

bag for future reference.

4.7 Lamnate ballistic property test nethod

4.7.1 Lamnate preparation . Four cured ballistic test |an nates measuring
1 x 1 ft (30.5 x 30.5 cm shall be layed up and cured according to the
manuf acturers' specifications.

4.7.2 Ballistic testing. The V50 ballistic limt shall be determned as
defined in ML-STD 662 using a 20 nmfragment sinulating projectile.

4.8 Storage and out-time requirenents . Exanmine the material for conpliance
with the storage and out-time requirements specified in 3.8.

5. PACKAG NG
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5.1 Packagi ng. For acquisition purposes, the contract or order should specify
packaging requirenents (see 6.2). Wen DoD personnel perform material
packagi ng, those personnel need to contact the responsible packaging activity
to ascertain requisite packaging requirenents. The Inventory Control Point
packagi ng activity within the Mlitary Department of Defense Agency, or wthin
the Mlitary Departnent's System Command, maintains packagi ng requirenents.
Packaging data retrieval is available fromthe managing Mlitary Departnent's
or Defense Agency's automated packaging files, CD-ROM products, or by
contacting the responsi bl e packagi ng activity.

6. NOTES

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

6.1 Intended use. Material procured in accordance with this specification is
intended for use as arnmor in mlitary ground vehicles. Due to its lightness,

strength-to-weight ratio, and capacity to withstand inpact from projectiles,

this material can replace metal alloy skins and inprove the fuel econony and
maneuverability of mlitary vehicles.

6.2 QOdering data. Acquisition docunents should specify the fol |l ow ng:

a. Title, nunber, and date of this specification.

b. Type of lamnate, flat, curved, or both (see 1.2).

c. Issue of DoDISS to be cited in the solicitation, and if required,
the specific issue of individual docunents referenced (see 2.2 and 2. 3).

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

e. Packaging requirenments (see 5.1).

f. Domensions in Sl and English units.

6.3 Subject term(key word) listing

Advanced conposites
Arnmor materi al
Pol yest er conposites

Prepreg
Cust odi ans: Preparing activity
Arny - MR Arny - MR
Navy - AS

Air Force - 11

Project No. QWS- 0134
Revi ew activities:
Arny - AT, AV, |E

Navy - SH
Air Force - 13
DLA - DH
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TABLE I. Lam nate physical and mechani cal properties

Property Requi r enent Test Met hod
Par agr aph

Resin content, % by w 32 + 3 4.6.1
Density, g/cc 1.84 - 1.98 4.6.2
Tensil e modul us, (mn avg) 2.3 Msi (15859 Mpa) 4.6.3
Tensile strength, (mn avg) 43 Ksi (296 Ma) 4.6.3
Fl exural nodul us, (mn avg) 2.5 Msi (17238 Mpa) 4.6.4
Fl exural strength, (mn avg) 32 Ksi (221 Moa) 4.6.4
Conpressive strength, (mn avg) 20 Ksi (138 Mia) 4.6.5
Short beam shear strength, (mn avg) 2.5 Ksi (17.2 Ma) 4.6.6
@ ass transition tenp, °F (°C mn 295°F (146°Q 4.6.7
Fl ammabi l ity Pass 4.6.8
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