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PERFCRVANCE SPECI FI CATI ON

PREPREG, UN DI RECTI ONAL TAPE, CARBON (GRAPHI TE) FI BER H GH TEMPERATURE RESI N
| MPREGNATED, 316°C ( 600°F)

This specification is approved for use by all Departrments and Agencies of the
Departnent of Defense.

1. SCOPE
1.1 Scope. This specification establishes the requirements for carbon

fiber/high tenperature resin prepreg in the formof unidirectional tape suitable
for the fabrication of structural lamnates intended for use at tenperatures up

to and includi ng 316°C (600°F) (see 6.1).

1.2 dassification of naterial.

1.2.1 H gh tenperature resin. An organic resin either thernoset or
t hernopl astic which can withstand tenperatures up to and including 316°C (600°F)
while still retaining required nechanical, chemi cal and physical properties.

1.2.2 Prepreg. The carbon (graphite) fiber high tenperature resin inpregnated
unidirectional tape conforming to this specification is termed a “prepreg’
materi al (preinpregnated). The unidirectional prepreg tape described in this
specification is a conposite material in which the polyimde resin is partially
cured and the carbon fiber reinforcenent is oriented in one direction
(unidirectional).

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 docunents in other
sections of this specification or recomrended for additional information or as
exanples. Wile every effort has been nade to ensure the conpleteness of this
list, docunment users are cautioned that they nust neet all specified requirenments
docunents cited in sections 3 and 4 of this specification, whether or not they
are |isted.

Beneficial comrents (recommendations, additions, deletions) and any pertinent
data which may be of use in inproving this docunent should be addressed to:
Director, US  Arny Research Laboratory, Wapons and Mterials Research
Directorate, ATTN AMBRL-WW M APG M 21005-5069 by using the Standardization
Docurent | nprovenent Proposal (DD Form 1426) appearing at the end of this
docunent or by letter.
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2.2 (overnnment documents.

2.2.1 Specifications, standards and handbooks. The follow ng specifications,
standards, and handbooks form a part of this document to the extent specified
her ei n. Unl ess otherwi se specified, the issues of these documents are those
listed in the issue of the Departrment of Defense Index of Specifications and
St andards (DoDl SS) and suppl enent thereto, cited in the solicitation (see 6.2).

HANDBOCKS
DEPARTMENT CF DEFENSE
M L- HDBK- 728/ 6 - U trasonic Testing

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

2.3 Non-Government publications. The follow ng documents form a part of this
docunent to the extent specified herein. Unless otherw se specified, the issues
of the documents which are DoD adopted are those listed in the issue of the
DoDISS cited in the solicitation. Unl ess otherwi se specified, the issues of
docunents not listed in the DoDISS are the issues of the docunents cited in the
solicitation (see 6.2).

AMVERI CAN SOCI ETY FOR TESTI NG AND VATERI ALS (ASTM

ASTM D695 Standard Test Method for Conpressive Properties of Rigid
Pl astics
ASTM D790 Standard Test Methods for Fl exural Properties of

Unrei nforced and Reinforced Plastics and H ectri cal
I nsul ating Materials

ASTM D1898 Standard Practice for Sanpling of Plastics

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

ASTM D3039/ D3039M St andard Test Method for Tensile Properties of Pol ymer
Matrix Conposite Materials

ASTM D3410/ D3410M Standard Test Method for Conpressive Properties of
Pol ymer Matrix Conposite Materials with Unsupported Gage
Section by Shear Loading

ASTM D3800 Standard Test Method for Density of H gh-Mdul us Fi bers

ASTM D4018 Standard Test Methods for Tensile Properties of
Conti nuous Fil ament Carbon and G aphite Fiber Tows

ASTM D4102 Standard Test Method for Thermal Oxidative Resistance of
Car bon Fi bers

(Application for copies should be addressed to the Anerican Society for Testing
and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.)
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SOC ETY OF AUTOMOTI VE ENG NEERS, | NC. ( SAE)

ANVS 3892/ 7 Tow or Yarn, Carbon Fibers For Structural Conposites G-
(OX) 400 (2758) Tensile Strength, 33 (228) Tensile
Modul us

(Application for copies should be addressed to the Society of Autonotive
Engi neers, 400 Commonweal th Drive, Warrendal e, PA 15096.)

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
pr ecedence. Nothing in this document, however, supersedes applicable |aws and
regul ati ons unl ess a specific exenpti on has been obt ai ned.

3.  REQU 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 Hgh tenperature resin. The organic resin either thernoset or thernoplastic

shall wthstand tenperatures up to and including 316°C (600°F) while still
retai ning required nmechani cal, chem cal and physical properties.

3.3 Fiber.

3.3.1 Fiber physical properties. The carbon fibers used in the prepreg shall
conformto the m ni mum physical property requirements of AVB 3892/7 or equival ent
with any devi ations approved by the procuring activity. Both PANbase and pitch-
base <carbon fibers shall be acceptable provided requirenments of this
specification are net.

3.3.2 Fi ber test methods. The ASTM standards D3800, D4018 and D4102 (or
approved alternates) shall be used for determining the properties of carbon
fibers as specified in AVS 3892/7. Alternate sanpling plans and test nethods, as
agreed upon, shall be used by the fiber supplier in lieu of AVS 3892/7 sanpling
pl ans and test nethods.

3.3.3 Fiber sizing. Fi ber sizing (or finish) shall be conpatible w th high
tenperature resin as specified in the contract or purchase order.

3.4 Prepreg. The chem cal and physical properties of the carbon fiber/high
tenperature resin unidirectional prepreg shall be furnished by the contractor.

3.5 Conposite | am nates.

3.5.1 Physi cal properties. Carbon fiber/high tenperature resin conposite
physi cal properties shall be furnished by the contractor.

3.5.2 Mechanical properties. Qured |lamnate test specinmens for determnation of
mechani cal properties shall be ultrasonically “C scanned prior to mechanical
t esting. Mlitary Handbook 728/6 is a useful guide to ultrasonic testing.
Carbon fiber/high tenperature resin conposite lamnates shall conform to the
requirenents of table | and table II.

3.6 Shelf life. The product shall neet the requirements of this specification
when tested at any tinme up to 6 nonths from the date of shipnent provided the
material has been stored in a heat-sealed vapor barrier bag conpatible wth
thernmoplastic or uncured thernoset materials at rmanufacturer recomended
t enper at ur es.

3.7 Prepreg workmanship criteria. The prepreg material shall have a naxi mum gap
width of 0.030 inches. The maxi mum continuous gap length shall not exceed one

3
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foot. The tows shall have no waves greater than 0.030 inches wide. Tow splices
shall be considered a defect. Oinps, cured resin, cured matter, resin-starved
areas, winkles, and foreign materials are not allowed. Tape shall be parallel

within £ 0.5 degrees. Filanments that are not wetted shall be 1 per cent nmaxi mum
in any 144 square inches (0.093 square neters).

3.8 ldentification marking. The manufacturer’s code (part) nunber, contract
nunber, serial nunber, date of manufacturer, national stock nunber, type of
material, and the nunber of this specification shall be pernmanently marked in the
| ocation specified by the procuring activity (see 6.2).

4. VER FI CATI ON

4.1 Verification alternatives. Alternative test methods, techniques, or
equi prent, 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 dJdassification of inspection. The inspection requirements specified herein
are classified as foll ows:

a. First article inspection (see 4.2.1)
b. Conformance inspection (see 4.2.2)

4.2.1 First article inspection. When required (see 3.1), the first article
sanpl e shall be exam ned for conpliance with the requirenents and verifications
listed in table | and table Il. Al sanples shall be produced with materials and
processes proposed for wuse on the fabrication of structural |am nates.

I nspection shall be carried out by the contractor under CGovernment surveill ance,
when specified (see 6.2).

4.2.2 Conformance inspection. Conformance inspection for the acceptance of the
fabrication of structural |lamnates shall be conducted on a recurring basis and
i nclude the examnations and tests specified herein (see 4.2.2.1 and 4.2.2.2).

4.2.2.1 Material characterization. When specified (see 6.2), the naterials
described in this specification shall be anal yzed for quality control purposes by
the foll ow ng nmethods as applicabl e:

a. Aniline titration
b. Atom c absorption spectroscopy (AA
c. Differential scanning calorinetry (DSC
d. Dynam c nechani cal anal ysis (DVA)
e. (Gas chronatography (G0
f. Hgh performance |iquid chromatography (HPLC)
These analyses shall be performed in accordance with naterial suppliers’

procedures which are used for production quality control, or in accordance wth
users’ procedures which are used for |ot acceptance inspection of incomng
materials. The exact procedures to be used shall be agreed upon by supplier and
user.

4.2.2.2 Mechani cal tests. When specified (see 6.2), mechanical tests for
confornmance shall consist of those tests |listed in table | and table 11

4.2.2.3 Nonconpli ance. If a sanple fails to pass conformance inspection, the
manuf acturer shall notify the procuring activity and the cognizant inspection
activity of such failure, and take corrective action on the materials or
processes that are subject to the sanme failure. Acceptance and shiprment of the
product shall be discontinued until corrective action, acceptable to the
procuring activity has been taken. After the corrective action has been taken

4
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conformance inspection shall be repeated on additional sanple units (all tests
and exam nations, or the test which the original sanple failed, at the option of
the procuring activity). Conformance inspections shall be reinstituted, however,
final acceptance and shipnment shall be withheld until the confornmance inspection
has shown that the corrective action was successful. In the event of failure
after reinspection, information concerning the failure shall be furnished to the
cogni zant inspection activity and the procuring activity.

4.3 Sanpling for inspection. Sanpling for inspection shall be perfornmed in
accordance with the provisions set forth in ASTM D1898 or as ot herw se specifi ed.

4.4 Test nethods. Testing of resins, fibers, prepregs and conposite |am nates
for conpliance with the requirements of this specification shall be perfornmed in
accordance with the applicable test nethods described in this specification to
the maxi num extent practicable, or as otherwise specified by the procuring
activity.

4.5 ldentification marking. Verify the presence of the required markings.

5. PACKAG 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 performed 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 Departnment or Defense Agency, or within the Mlitary
Departnent’s System Command. Packaging data retrieval is available from the
managing Mlitary Departnent’s or Defense Agency’s automated packaging files, CD
ROM products, or by contacting the responsibl e packagi ng activity.

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 conposite material specified herein is mlitary unique
because it is the only proven naterial used in aging aircraft replacenent parts.
This conposite has been increasingly accepted as an engineering nmaterial for the
design and fabrication of aerospace structural conponents, particularly
aeropropul sion structural conponents. Material procured in accordance with this
specification is intended for use in airframe, aerospace, and simlarly related
primary or secondary |oad-bearing structures where high stiffness and strength-
to-weight ratios are required. Hstorically PVR 15 resin has been enpl oyed but
conparable resin systens may be utilized. Polyimde (PVR15) conposite material
has been extensively characterized in the NASA Conposites for Advanced Space
Transportation Systens (CASTS) Program and is used in aircraft engine hardware
such as cow s, nozzle flaps, and ducts.

6.1.1 Design allowables. A design allowables test program was conducted on
graphite/ polyimde conposites by NASA (NASA CR-165840) to establish material

perfornmance over a 116°K (-250°F) to 589°K (600°F) tenperature range. FEffects of
aging, thermal cycling and noisture were also eval uated. Tensi on, conpression
and i n-pl ane shear properties were determ ned for uniaxial, pseudoisotropic and

+ 45 degree lamnates. Test results show sufficient strength and stiffness to
substanti ate graphite/polyimde conposites as an acceptable structural nmaterial
for high tenperature structural applications.
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6.2 Acqui sition requirenents. Acqui sition documents should specify the
fol I owi ng:

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

b. dJdassification of naterial (see 1.2).

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

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

e. Specify location of identification markings (see 3.8).

f. Wiether inspection is carried out by the contractor under Covernmnent
surveill ance (see 4.2.1).

g. Conformance inspection (see 4.2.2.1 and 4.2.2.2).

h. Packagi ng requirenents (see 5.1).

6.3 Definitions.

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

6.3.2 Manufacturer. The term “nmanufacturer” is defined as the organization
actually perform ng the operations covered by this specification.

6.3.3 PMR15. The designation PMR-15 stands for a high tenperature resistant
pol yi mide resin system (designated PVR for polymnerization of nonomer reactants)
devel oped at NASA-Lewi s Research Center. The inide oligomer before curing has a
nom nal nol ecul ar wei ght of 1500, which gives rise to the designati on PVR 15.

6.4 Safety.
6.4.1 Precautions.

a. Sonme of the materials enployed herein are flamrable and toxic. Consult
the responsible safety and industrial hygiene and security and fire protection
organi zati on concerning appropriate facilities, equipnent, ventilation, and ot her
requirenents for safe operation. For disposal of hazardous waste materials,
contact the responsible pollution control nonitor for appropriate procedures.

b. Uncured material may cause skin sensitization or other allergic
responses. Avoid inhalation of vapor. Use adequate ventilation, particularly if
heated or sprayed. Prevent all contact with skin. Do not handle prepregs wth

bare hands. Use protective gloves such as Viton or equivalent protective
coverings for hands and arns. If contact occurs, wash inmrediately with soap and
wat er .

6.4.2 Safety data. A nmaterial safety data sheet conforming to AVE 2825,
“Material Safety Data Sheets”, may be furnished to the procuring activity by the
supplier prior to, or concurrent with, the initial shipment of material. |If the
material forrmulation is subsequently changed within the constraints pernmtted by
this specification, a revised data sheet may be supplied prior to, or concurrent
with, the first shipment of material with the revised formulation. Mat eri al
safety data sheets may be identified with this specification nunber.

6.5 Subject term(key word) listing.

Lam nat es
Pol yi m de
Ther nopl astic
Ther noset



Cust odi ans:
Arny - MR
Navy - AS

Ar Force - 11

Revi ew activities:
Arny - AT, AV, |IE

Navy - SH
Ar Force - 13
DLA - DH
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Preparing activity:
Arny - MR

(Project OWS-0161)
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TABLE |. Lam nate nechani cal properties (English units).
M ni mum Requi renent s Test

Test Test Direction Met hod

Tenperature 0° 90°
Tensil e strength RT 185 3.4 ASTM D3039
ultimte, ksi 550°F 185 1.6
Tensi | e nodul us, RT 17 1.1 ASTM D3039
nsi 550°F 17 0. 82
Conpressi ve strength RT 150 18.5 ASTM D3410
ultimate, ksi 550°F 85 12.0 or

ASTM D695
Conpr essi ve nodul us, RT 18 1. 03 ASTM D3410
nsi 550°F 18 0.92 or
ASTM D695

Conpressi ve strength RT 135 ASTM D3410
Aged 100 hours at 550°F 78 or
316°C, ksi ASTM D695
Fl exural strength, RT 235 ASTM D790
ksi 500°F 157

600°F 157
Fl exural nodul us, RT 16 ASTM D790
nsi 500°F 16

600°F 16
Short beam shear RT 18.8 ASTM D2344
strengt h, Kksi 500°F 11.0

600°F 7.8
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Lam nat e mechani cal properties (S

M ni mum Requi renent s Test

Test Test Direction Met hod

Tenperature 0° 90°
Tensil e strength RT 1275 23. 4 ASTM D3039
ultimate, MPa 290°C 1275 11.0
Tensi | e nodul us, RT 120 7.6 ASTM D3039
GPa 290°C 120 5.7
Conpressi ve strength RT 1035 127.6 ASTM D3410
ultimate, MPa 290°C 585 82.7 or

ASTM D695
Conpr essi ve nodul us, RT 125 7.10 ASTM D3410
GPa 290°C 125 6.34 or
ASTM D695

Conpressi ve strength RT 930 ASTM D3410
Aged 100 hours at 290°C 540 or
316°C, MPa ASTM D695
Fl exural strength, RT 1620 ASTM D790
MPa 260°C 1082

316°C 1082
FI exural nodul us, RT 110 ASTM D790
GPa 260°C 110

316°C 110
Short beam shear RT 129 ASTM D2344
strength, MPa 260°C 75

316°C 54
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