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Carbon Fiber Fabric and Epoxy Resin Wet Lay-Up Repair Material
Part 1 - General Requirements

RATIONAI E
AMS 2980/1 is revised to include the relevant PRI documentation references and the PRI rules to
manage thel qualification material process through the Qualified Product Group)(QP®). Test method
lists in Paragraph 2 have been updated.

FOREWORD
AMS 2980/1 belongs to the Technical Specification system expfained in AMS 2980.
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1. SCOPE:
AMS 2980/1 gives information about the technical requirements and qualification procedure for
carbon fiber fabric and epoxy resin systems used for wet lay-up repair of carbon fiber reinforced
epoxy structures.

2. APPLICABLE DOCUMENTS:

The issye of the following documents in effect on the date of the purchase ordef, forms a part of
this spegification to the extent specified herein. The supplier may work to a subs¢quent revision of
a document unless a specific document issue is specified. When the referencéd document has
been cahcelled and no superseding document has been specified, the last publighed issue of that
documept shall apply

2.1 SAE Rublications:

Availaple from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 of www.sae.org.

AMS 2980 Technical Specification: Carben Fiber Fabric and Epoxy Resin Wet
Lay-Up Repair Material - Part O - Introduction

AMS 2980/2 Technical Specificationi‘Carbon Fiber Fabric and Epoxy Resin Wet
Lay-Up Repair Material - Qualification Program

AIR4844 Composites and\Metal Bonding Glossary

ARP4916 Masking and,Cleaning of Epoxy and Polyester Matrix Thermosetting

CompositeMaterials

2.2 ASTM| Publications:

Availaple from ASTM{100 Barr Harbor Drive, P.O. Box C700, West Conshoho¢ken, PA 19428-
2959 or www.astm:org.

ASTM| C 297, Flatwise Tensile Strength of Sandwich Constructions

ASTM| C 393 Flexural Properties of Sandwich Constructions

ASTM) D:.1652 Epoxy Content of Epoxy Resins

ASTM i i i i

ASTM D 2471 Gel Time and Peak Exothermic Temperature of Reacting
Thermosetting Resins

ASTM D 2896 Total Base Number of Petroleum Products by Potentiometric

Perchloric Acid Titration

ASTM D 3039/3039M Tensile Properties of Polymer Matrix Composite Materials

ASTM D 3518/3518M In Plane Shear Response of Polymer Matrix Composite Materials by
Tensile Test of a £45° Laminate

ASTM D 3990 Terminology Relating to Fabric Defects

ASTM D 5766/5766M Open Hole Tensile Strength of Polymer Matrix Composite Laminates

ASTM E 1252 General Techniques for Obtaining Infrared Spectra for Qualitative
Analysis
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2.2

2.3

24

(Continued):

ASTM E 1640 Assignment of the Glass Transition Temperature by Dynamic
Mechanical Analysis

ASTME 4 Force Verification of Testing Machines

ASTM E 203 Water Using Karl Fischer Reagent

EN Publications:

Availaple from CEN-comité, Europeén de Normalisation, Secrétariat Central; Rue de Stassart
36, B-1050 Bruxelles, Belgium or www.cenorm.be.

EN 54 Adhesives. Determination of density
EN 2379 Test Fluids for Nonmetallic Materials
Fiber Reinforced Plastics - Action of Liquid<«Chemicals
Carbon Thermosetting Resin Unidirectional Laminates - Tensile Test Parallel
to the Fiber Direction
64 Aerospace series. Carbon fibre laminates. Determination of the fibre, resin

and voids contents
EN 2743 Aerospace series. Standard procedure for conditioning prior|to testing
EN 2 Fiber Reinforced Plastic - Effect of Exposure to Humid Atmogphere on

Physical Characteristics
Fiber Reinforced Plastic- Unidirectional Laminates and Woven Fabric
Laminates-Compression Test
EN 6031 Fiber Reinforced Plastic - In-plane Shear Properties (45° Tepsile Test)

EN 6032 Glass Transition Temperature (DMA)

EN 6035 Fiber Reinfarced Plastic - Notched and Unnotched Tensile Tlest
EN 6037 Fiber Reinforced Plastic - Bearing Strength

EN 6038 Fiber/Reinforced Plastic - Compression Strength after Impagt
EN 6042 Organic Compounds by Infrared Spectroscopy

EN 6043 Gel'Time and Viscosity of Matrix Resins

EN 6061 Sandwich Flexural Test - 4 Point Bending

EN 6062 Fiber Reinforced Plastics - Flatwise Tensile Test of Compos|te Sandwich
Panel
EN 6064 Aerospace series. Fibre reinforced plastics. Test method. Determination of

EN 6066 Fier Reinfrd Iatic -TesiStrenth f Taered and Stepped Joints
ISO Publications:

Available from ISO, Central Secretariat, 1 Rue de Varembé, Case postale 56, CH-1211 Geneve
20, Switzerland or www.iso.org.

ISO 472 Plastics — Vocabulaire

ISO 760 Determination of water. Karl Fischer method (general method)
ISO 868 Hardness Shore D

ISO 1183 Density and Relative Density of Non-Cellular Plastics

ISO 1890 Carbon Fiber - Twist
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2.4 (Continued):

2.5

26

ISO 2555 Brookfields RV Viscosity
ISO 3001 Epoxide Equivalent

ISO 9001 Quality Control by Supplier
ISO 11357-5

times, enthalpy of reaction and degree of conversion

ISO 1890 Carbon fibre. Determination of twist
ISO 10119 Carbon Fiber - Density

ISO 1
ISO 1
ISO 1
PRI P

Availa

Plastics. Differential scanning calorimetry (DSC). Curve temperatures and

D120 Carbon Fiber - Linear Density
D548 Carbon Fiber - Size Content
D618 Carbon Fiber - Tensile Properties by Resin Impreghated

Iblications:

le from Performance Review Institute, 161 Thornhill Road, \Warrendale

or www.pri-network.org.

PD 2000 Governance and Administration«of an Industry Managed

PD 2

PRI Q

Qualification Program
1 Manufacturer Request for-Product Approval and Qualific

L AMS 2980 Qualified Product List-of AMS 2980.

SACMA Publications:

Availa
Boule

ble from Suppliers of Advanced Composite Materials Association, 1600
ard, Suite 1008, Arlington, VA 22209.

SACMA 3 Open-Hole Compression Properties of Oriented Fiber-Resin

3. DEFINIT

3.1

3.2

Gener

For the

Isste) 1994

IONS:

al:

Atarnaca-ofthic ctandard tha Aafiniti~a~e e IQO 72 o wath tha falla

.|
4

Yarn Specimens

PA 15086-7527

Product

ation Process

\Vilson

Composites,

v
i PUIPU\JU VT UTTo oAl TudiTu uicv UcoiTinmmmuauilio 111 1o appl_y VVILIT UTo TUTNTUY

modifications. For further definitions or explanation of terms, refer to AIR4844.

Specific for Carbon Fiber/Fabric and Resin Materials:

BOBB

IN: All yarn contained on one spool.

ing additions or

CARBON FIBER BATCH: Bobbins produced in one continuous manufacturing operation that
conforms to a fixed manufacturing process in accordance with the Process Control Document
(PCD) and is made of one creel set of precursor. A continuous manufacturing operation is
defined as one in which the process is not interrupted for more than 24 hours or by a different
production run.
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4. REQUIR

4.1

411

41.2

FABRIC ROLL: Woven fabric contained on one support tube. The fabric on the roll shall
originate from one single master roll of woven fabric.

MASTER ROLL OF WOVEN FABRIC: Woven fabric material that is manufactured in one
continuous operation from which several smaller fabric rolls are taken.

PROCESS CONTROL DOCUMENT (PCD): Document defining the material and its
manufacturing process. The PCD shall include description of raw materials, equipment,
procedures, processes and manufacturing standards.

RESI
opera
syster

REPL
and/of

SIZIN
prope

WOVE
and w

WOVE
loom i

operafion and shall not be interrupted-by a run of a different material.

YARN

Gener

Qua
the ¢
accd

BATCH: A quantity of homogeneous resin (base resin and curing agent
ion with traceability to individual component batches as defined in\the P(
n manufacturer.

CA: Production of a defined material of an original source©n another pr¢
a different site using the same raw materials and processes as the origi

[5: An organic coating. It is applied during fiber manufacture to improve h
ties during weaving.

EN FABRIC: Fiber yarns woven into a fabric of any two-dimensional wea
pft tracer fibers of another material may.be incorporated into the fabric.

EN FABRIC BATCH: A quantity of fabric of a certain weaving style produ
n accordance with the PCD. The,production run of the batch shall be a c
. A bundle of fibers usually twisted and suitable for making fabric.

R EMENTS:

al Requirements:

ificationiAll products sold to this specification shall be listed, or approve

rdance with PD 2000.

) prepared in one
LD of the resin

pduction line
nal source.
andling

e pattern. Warp

ced on a certain
bntinuous

J for listing, on

ualified products list PRI QPL AMS 2980. The qualified products list shall be in

Process Control Document: Prior to manufacturing the first qualification fiber, fabric or resin
batch, the manufacturer shall have established the PCD. The PCD shall be presented to the
CACRC-QPG upon request. CACRC-QPG shall treat any information contained in the PCD
as confidential.

Changes to the PCD of a qualified material are subject to the written approval of the CACRC-
QPG in accordance with PD 2000. Such changes may require side qualification. The batch
release test report for the first delivery made after any change to the PCD shall contain a
reference to the change.



https://saenorm.com/api/?name=2956f481013b97f827b519454b724928

AMS 2980/1A SAE AMS 2980/1A

4.1.3 Traceability: Each individual material shall be identifiable at all stages of manufacture and
delivery. The material manufacturer shall present evidence of the material traceability upon
request.

4.1.4 Health and Safety Requirements: The delivered fiber, fabric and resin system shall fulfill the
local requirements of the health and safety laws of the country of the purchaser.

In processing the materials in the composite shop, the fabric/resin combination shall not
cause any health problems or cause an emission which requires special measures to be
taken to protect the environment.

The manufacturer shall inform the purchaser regarding safe handling-proceddires of the
material. The resin system formulation given to the CACRC-QPG.during qudlification shall
also|be inspected for health and safety requirements.

4.1.5 Manpfacturer's Responsibility: The manufacturer is responsible for the development and
manufacture of any material submitted in accordance with this TS. Quality control by the
manpfacturer shall be in accordance with this TS. The material manufacturer|commits itself to
supply a qualified material for a minimum of ten years.

Adjustment of manufacturing techniques and /er procedures to the state of the art technology
is the manufacturer's responsibility and may:tequire requalification to this spgcification.

4.1.6 Quality Assurance: The manufacturer's.gquality system shall be approved as defined in
ISO 9000 or equivalent.

4.2 Technjcal Requirements:
4.2.1 Technical Requirements for‘Carbon Fibers:

4.2.1.1 Fiber: The carbon(fiber used to weave the fabric according to this TS shall be a material
quplified in prepreg form for one of the epoxy prepreg specifications used t¢ manufacture
aspemblies for-a commercial aircraft by an OEM. For this qualification program re-
quplification-of the fiber is not required provided that the specified tests have been
performed- in the original qualification program. The original qualification tegt data shall be
used for evaluation of the properties. The carbon fiber yarn shall meet the requirements of
the-MsS-

4.2.1.2 Pretreatment and Sizing: The PCD shall specify appropriate control of fiber pretreatment
and sizing chemistry. The sizing when applied shall meet the requirements of the MS. After
qualification the size type and content shall be defined in the IPS.

4.2.1.3 Fiber Splices: The fiber yarn on each bobbin shall contain no more than seven splices per
kilogram of yarn.
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4.2.2 Technical Requirements for Fabric:

4221

4222

Woven Fabric: The fabric shall be woven from fiber qualified in accordance

with paragraph

4.2.1. Looms used to weave fabrics for wet lay-up repair shall also be in use for weaving
fabrics that are qualified in a prepreg form used to manufacture assemblies for a
commercial aircraft by an OEM. No more than three fiber batches shall be used in the warp
direction and one fiber batch in the weft direction for any single fabric batch. Alternatively, if

one batch is used in the warp direction, no more than three batches shall b
waft direction. The fiber orientation for the warp and the weft shall be 0° an
respectively. The material, tooling and methods used for weaving and handg
affect the carbon fiber or cause contamination of the fabric. Each rojkin-a 3
meet the length requirements of the PS for carbon fabric. The fabricmanuf
aspign consecutive fabric roll numbers. Roll number assignment,may be dg

1.| at the time of weaving or
2.| at the time these rolls are wound from master rolls:

The woven fabric shall meet the requirements of the MS.

Fabric Requirements: The incorporation of glass tracer yarns may be agreq
the purchaser and the fabric manufacturer.\The tracers shall be woven app
50/ mm in the warp direction and every 450 mm in the weft direction. Aramig
Il not be used.

The selvage shall be of such width (38 mm maximum) as to cause no disto

The fabric width, whichvexcludes selvage, shall be specified in the IPS. The
Il be £12.5 mm foryeach meter of fabric width.

of 300 mm with a maximum of one splice per roll.

e O-m-o hao ocond-o O \ o 0

when agreed upon between purchaser and the fabric manufacturer.

e used in the

H 90°,

ling shall not
bric batch shall
acturer shall
ne:

d upon between
roximately every
| fiber tracers

rtion of the fabric

width tolerance

bd on a flat

aterial splices

hall be allowed

Each defect shall be identified and flagged with a colored mark positioned on the fabric. A
continuous defect shall be identified with a colored mark at the start and with a different

colored mark at the end of the defect.

Each roll shall have a defect record attached, recording the location and length of each

defect (if any) in that roll.
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4223

4224

4225

4 2 3 Teclv nical aociramaonte for acin Svctame:«
L. HCar QU CmC o TOTr T ComT Oy ot

4.2.31

4.2.3.2

Woven Fabric Defects: Definition of defect description terms are in accordance with
ASTM D 3990.

A defect area is the length of the defect, if that defect exceeds specified limits, multiplied by
the roll width. The cumulative defective area of a roll shall not exceed 10% of the roll area.

Single yarn defects, such as broken fibers, distortions and wrinkles, shall not be more than
three over 2.0 m of fabric. Each defect shall be spaced apart 150 mm minimum. If two single
yarn defects are closer than 150 mm, they shall be considered as a continyous defect.

Cqgntinuous weaving defects, such as wrinkles, cut fibers, and crushed distprted yarns, shall
be| considered a continuous defect if they involve more than one-yarn. Multiple defects such
as|missed pick, missing end, whipped in weft, loose pick, slab, &ink, and fuzz ball shall be
copsidered a continuous defect if they involve more than onelyarn.

A continuous single yarn or weaving defect shall not exceed 170 mm in any linear meter
where no defect is closer than 150 mm to another.

Splices of adjacent yarns shall be spaced apart*12.5 mm minimum. A fabrig¢ roll shall contain
not more than one splice across the fabric width, see paragraph 4.2.2.2.

Warp yarn deviation from a straight linesshall be 5 mm maximum over 1.0 m of fabric length.
Weft yarn deviation from a straight lingshall be 50 mm maximum over 1.0 m of fabric width.

in plastic in a
stand on its end,

Stprage Conditions for Carbon Fabrics: The fabric shall be stored wrapped
clgan and dry area. The fabri¢.roll shall not be allowed to lay on a surface,
and/or have any other rolls.or objects placed on top of it.

Storage Life of CarbonrFabrics: When stored in accordance with paragraph 4.2.2.4 the

fal
ma
thg
the
TS

rics shall have @ minimum storage life of two years from the date of recq
iximum storage time shall be specified by the fiber manufacturer and shg
b IPS. Thelstorage life shall be guaranteed by the weaver and the fiber m
b end of\the storage life, the fiber, fabric and composite shall meet the re

anddthe MS. Storage life extension procedures may be described in the

ipt. The

Il be stated in
anufacturer. At
quirements of this
IPS.

Nominal Process Parameters for Qualification: Prior to qualification the manufacturer and
CACRC-QPG shall agree upon the nominal blending proportions of the base resin and the
curing agent, the blending instructions and the nominal cure cycle; see paragraphs 4.2.3.3
and 4.2.3.8. These nominal process parameters shall be specified in the IPS. The nominal
cure cycle may contain a dwell to comply with viscosity requirements. AMS 2980/2 specifies
process parameters based on the nominal parameters. Cure cycles and blending ratios not
tested in accordance with this TS are non-qualified process parameters and shall not be
included in the IPS.

Appearance: Each component of the resin system shall be a homogeneous material and
shall meet the requirements of this TS and the MS.

-9-
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4.2.3.3

4234

4.2.3.5

4.2.3.6

4.2.3.7

4.2.3.8

4.3

4.4

Blending: The blending ratio shall be the amount of the curing agent expressed in terms of

parts by mass of curing agent for 100 parts by mass of base resin. Base resin and curing
agent shall blend readily to produce a uniform material when mixed by hand for a minimum
of 3 minutes in a suitable container.

Water Content: The resin manufacturer shall recommend a maximum water content for both

base resin and curing agent based on the material manufacturer and repair shop conditions.
This maximum value shall be demonstrated acceptable at time of qualification in
accordance with TS and shall be specified in the IPS. All base resin and curing agent

d:a'!‘ivered in accordance with this specification shall have a water content g
a

Cq
sh
no
M3

St
cu
pre
sh

a.

Pr
the

Pr

requirements.of the MS when blended and tested in accordance with AMS

cu
ac

ount.

lor: Color shall be used for visual identification of the materialsCThe colg
bl be different from the color of the curing agent to avoid exchahge by m
special requirements for the color of the resin system unless otherwise s
5. The color of the base resin and the curing agent shall be uniform.

brage Life of the Resin System: At the end of the defined storage life the
ring agent shall meet all requirements of this TS<@nd the MS. Storage lifg
bcedures may be described in the IPS. The storage life of base resin and
bll meet the following requirements:

The storage life of unopened containers from the date of receipt at any
worldwide: 12 months minimum at<storage conditions to be defined by t
and specified in the IPS

Storage life of kitted and unopened containers at room temperature shg
minimum and shall be specified in the IPS.

bperties of the Base Resin and Curing Agent: The base resin and curing
b requirements of the'MS when tested in accordance with AMS 2980/2.

pperties of the!Uncured and Cured Neat Resin: The uncured resin syster

red neat.resin shall meet the requirements of the MS when blended, curg
cordance with AMS 2980/2.

ss than this

r of the resin
istake. There are
specified in the

base resin and
extension
curing agent

purchaser
he manufacturer

Il be six months

agent shall meet

n shall meet the
2980/2. The
bd and tested in

Requi

ements for (‘nmpncifn Materials:

The performance level of the composite material, achieved in the qualification testing as
specified in AMS 2980/2, shall meet the values specified in the MS when subjected to the
statistical method of paragraph 5.6.

Test Methods:

Test methods shall be in accordance with the standard test procedures given in this TS. This
section describes modifications or additions to the standard test methods. If there is no
standard test method available, this section specifies the test method to be used.

-10 -
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4.4.1

AMS 2980/2.

442

Required Number of Specimens: The required numbers of test specimens are listed in

Test Methods for Fiber: Test methods for the fiber properties are listed in AMS 2980/2. These

test methods shall be used unless written approval is given by the CACRC-QPG for using
alternative test procedures. It is the responsibility of the fiber manufacturer to demonstrate the
correlation of his proposed test method with the methods specified.

443 Test

Methods for Fabric: The fabric test methods are defined in AMS 2980/2.

4431 Fi
T
of

4.4.3.2
weg
Wi
ac
co

444 Test
systs

Sing
speq
test,

er Areal Mass: The fiber areal mass shall be determined by weighing‘a
sample and dividing the mass in grams by the measured sample_area

the roll.

ft directions on three separate sample areas of minimum 100 mm by 10(
ith of the roll. Calculate the yarn count by dividing the number of yarns ¢
fual dimension of the test sample perpendicularto the yarns counted in
Lint in each direction to be reported is the ayerage of the counts on the th

Methods for Resin System: Test metheds accepted for characterisation
em are defined in AMS 2980/2.

e the chemical composition of the resin system under test is not fixed by
ification, in order to achieve optimum results these test methods general
selection of the appropriaté_test equipment and establishment of suitablg

parameters. Since these decisions may affect the outcome of the test, test re

incly
not s

It sh
and

Req
mett

de all information required to allow independent reproduction of the test
pecifically required\by the test method.

Al be the responsibility of the qualifier to determine and agree on the det
Lo presentthe test results accordingly.

Lliremients fixed in the relevant Material Specification shall make refereng
od applied. If other test methods are to be used, correlation tests shall b

00 mm by 100
n square meters.

fiber areal mass to be reported is the average of three samples-taken across the width

Ygrn Count: Yarn count shall be determined by measuring the yarns in both the warp and

mm across the
punted by the
hm. The yarn
ree samples.

of the resin

this

y require, before
b test

ports shall
results, even if

piled procedures

e to the test
e performed.

4.4.5

described in Section 6.

Test Methods for Composites: The specimen manufacturing and the test methods are

-11 -
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5. QUALIFICATION:

5.1

5.2

5.2.1

5.2.2

5.2.3

5.2.3

A

Introduction:

Before approving a fiber fabric and resin system combination for repair it shall successfully
complete three stages:

a. S

eening according to the screening program specified in AMS 2980/2 to

su
Qu
Ad
ma

b.
c.

Materi

Gen
betw
necsy
labo
prog
The

grap

Scre
qual
matd
eithe
matd

The
defin
CAC

The
repo

iterial combination is approved for repair purposes.

tability of the material combination for qualification.
alification of the material combination in accordance with AMS 2980/2.
ditionally, each OEM referencing the specification may require additiona

al Qualification:

eral: The qualification shall be carried out by the material manufacturers.
een CACRC-QPG and manufacturers shall be undertaken to agree on W
ssary coordination. If the manufacturer cannot perform the required tests
ratory acceptable to the CACRC-QPG shall be appointed. The screening
ram may be withessed by CACRC-QPG and/or airworthiness authority r
manufacturer shall keep on file and at thie*disposition of CACRC-QPG a
hs, process parameters, etc.) corresponding to the qualification for at lea

ening of a Material Combination; The screening test program may be a

prial used for screening by.the manufacturer shall be sent to CACRC-QH
r screening tests or reference tests on their own, and run production shq
brial.

tests which shall be carried out are defined in AMS 2980/2. Material reqy
ed in the MS.\The process parameters agreed between the resin manuf.
RC-QPG-shall be used; see paragraph 4.2.3.1.

results of the screening tests shall be collected in a report. A successful
rt-certified by the CACRC-QPG is prerequisite to start qualification.

erify the

tests before this

A liaison
ork and any

5. a material test

and qualification
presentatives.

| records (test

st five years.

art of the

fication and should be done by‘the manufacturers. A sample of the same¢ batch of the

G to perform
p trials with the

irements are
hcturer and

screening test

Qualification of Material: The qualification is directed to the raw material sources, the
equipment and the processes which have been identified in the PCD. The qualification is also
directed to the material combination, i.e., the composite. The tests required are defined in
AMS 2980/2. Material requirements are defined in the MS.

Cross-Check: If required by CACRC-QPG , a sample from one batch of the material shall be

provided to CACRC-QPG to permit a cross-check to confirm that all qualification data

su

pplied is comparable.
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5.2.3.2 Additional Tests by OEM Outside of the Qualification Program: The OEM may require tests

5.2.4 Audit of a Manufacturer: The manufacturer shall agree to an audit of the prod
ufacturing operations, Quality Control System, raw material traceability, |
brocedures, test results and quality control records. Qualification-audits

5.2.5

to demonstrate:

a.
potting compound, etc.)

The adhesion of the resin/composite to structure to be repaired.
Specific tests applicable to parts to be repaired.

b.
c.

Compatibility of the resin system with other materials (e.g., adhesive films, core splice,

man
test
conducted during the manufacture of qualification batches.
CAQ
of qualified material.

Estaplishment of an IPS: Upon successful qualification an IPS shall be estab
CAQ
298(
para
speq
the paterial and its controls. Requirements and performances shall be given
imparial units (imperial units in brackets)’The IPS shall receive official ackno
the material manufacturers as basisfor future deliveries.

RC-QPG reserves the right to perform an on-site audit on:the manufacty

RC-QPG and the qualified material combination{shall be added to the Pi
. In addition to the performances the IPS shall-provide the qualified repa
meters (blending ratio, cure cycle), cross references to the relevant in-hg
ifications of the manufacturers (PCD, et€.) and other items and agreeme

uct
rocess records,
hall be

ring of any batch

ished by

RI QPL AMS

ir process

use

nts describing
in both Sl and
wledgment from

program. The
nt and in

tion material
composite are

d-for the screening

tests, so that the results of the screenlng can be mcorporated in the quallflcatlon results.

Three different manufacturing procedures are used to make the composite specimens:

a. The squeeze out procedure for making laminates; see paragraph 6.7.6.

b. The vertical bleeding procedure for making laminates; see paragraph 6.7.7.

c. The vertical bleeding procedure for making sandwich panels; see paragrap

The process parameters agreed between the resin manufacturer and CACRC-

used; see paragraph 4.2.3.1.

h 6.7.8.

QPG shall be
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5.3.1 Qualification Retests: A retest may be required when one or more test results do not meet the
requirements. A retest shall be performed on material from the same batch or batches agreed
with CACRC-QPG. The quantity of test specimens shall be doubled. Material failing on retest
shall be rejected and shall not be retested again without written approval by CACRC-QPG.

5.3.2 Qualification Test Report: The qualification test report shall contain at least the following
information:

a.

b.

13

5.4 Side Qualification and Requalification:

If any phange occurs relevant to the IPS.or'the PCD, the CACRC-QPG reserv
requirg¢ a side qualification by the manufacturer. The side qualification program

TT@ oo

Complete identification of the material tested, including type, source, man

ufacturer's

ifdentification, batch numbers, certificates, etc., and shall reference the R(
All details regarding specimen preparation as described in Section 6 inelu
gnd inspections.
Traceability of specimens to the original laminate and processingyconditig
paragraph 6.3.

Aging and/or conditioning data prior to the test in accordance with paragr
Date of test, facility, equipment and identification of individuals performing
All test and retest data including reference to test metheds used.
I
:
A

'he material properties shall be reported in both\SI"and imperial units.
\ny incident which may have affected the resuilts and any deviation from

LD.
ding processing

ns; see

Aph 6.2.
) the tests.

hdividual values, arithmetic mean and standard deviations per group of gpecimens.

this specification.

es the right to
depends on the

naturg of the change of the material or the material processing. Baseline side qualification
progrgms are listed in Table 1.
TABLE 1 - Side Qualification Program
Fiber Fabric Resin Side qualification program1
Replica of Qualified Qualified Full qualification program
qualified source except resin tests
New source Qualified Qualified Full qualification program
except resin tests
Qualified New weaver Qualified Selected composite tests
Qualified Qualified Qualified Selected composite tepts
weaverT,
new loom
Qualified Other fabric  Qualified Full qualification program
style except resin tests
Qualified Qualified Replica of All resin tests and selected
qualified source composite tests
Qualified Qualified New source Full qualification program

! The qualification program for fiber yarns, carbon fiber fabrics, resin and the material
combination is defined in AMS 2980/2.
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5.5 Material Safety Data Sheet:

The material manufacturer shall provide to the CACRC-QPG all the information about the
material in accordance with health and safety requirements (See paragraph 4.1.3) prior to
testing the materials for screening or qualification. The manufacturer shall make available a
public Material Safety Data Sheet (MSDS) upon delivery which shall comply to the local laws of
the OEM in CACRC-QPG and/or purchaser.

5.6 Evalugtion of Test Data:
Material qualification test data shall be evaluated by CACRC-QPG:
a. Tddetermine the material performance to be defined in the IPS:
b. Togdetermine if a source meets the requirements of the MS,
c. Tddetermine the batch release requirements.
6. COMPQSITE TEST METHODS AND SPECIMEN MANUFACTURING:
This sedtion specifies the composite test methods, specimen manufacturing, fluigd immersion and

aging procedures by referring to existing standards and specifying additions and |changes to
them. These alterations override the requirements of the referenced standards.

6.1 Specimen Manufacturing and Storage:

6.1.1 Spe¢imen Definition: The number of specimens per test condition and the spgecimen lay-up
are $pecified in AMS 2980/2.

6.1.2 Pangl Size: The panel size shall be such that:

a. All specimens for the same test method, regardless of the test condition, £an be cut from
the same panel:

b. Additional-fequirements for combining specimens in one panel may be specified in
MS 2980/2.

If this cannot be accomplished the report shall state which specimens were tarken from which
panet:

An edge cut all around shall be made with sufficient width to remove the area with fiber
orientation distortion and deviating panel thickness. An edge cut of 20 mm may be sufficient. It
is recommended that the panel’s size is adequate to provide for:

a. Spare specimens; see paragraphs 6.1.8 and 6.5.1.3.
b. Traveller specimens; see paragraph 6.2.2.
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6.1.3 Panel Manufacturing: Two repair processes are specified for making laminate panels
(squeeze-out and vertical bleeding) and one procedure for making sandwich panels (vertical
bleeding):

6.1.5

6.1.6

6.1.7

6.1.8

a.

6.7.

b.

tolerance specified in MS. Its coefficient of variation shall not exceed 2%.

Process the panels in accordance with AMS 2980/2 and methods specified in paragraph

Measure the panel thickness. The average cured ply thickness shall be within the

c.
d. A
g

Tab{
may
such

The
Use
adhe

For
from
tape

Spe
Mac
the {
sped

Spe
sele

Stor
man
inclu
weig

>=scan the panels in accordance with paragraph 6.6 1
Al panels intended for mechanical testing shall be subjected to void and
etermination as per 2564.

: The specimen should fail in the gauge length and in the specified failur
require the use of tabs. When tabs are used, the material, lay;0p and thi
that specimen failure occurs in the gauge length and in the specified fai

cure cycle for tab bonding shall be such that the laminate’s properties ar
a paste adhesive that cures at room temperatures reference paragraph 6
sive shall be approved by CACRC-QPG.

bpecimens to be aged the adhesive between the tab and the specimen n
moisture/fluid by sealing exposed glueline edges of the tab with silicone

cimen Machining: After machining, the fiber orientation shall be accurate
hined surface finishes and dimensional tolerances shall be maintained in
pst method specification,-and the specimens shall be free of defects. Do
imens.

cted from the panel.

hge of Panels and Specimens: Moisture may diffuse into the composite g
ufacturing-and storage. To prevent uncontrolled moisture uptake, the sto
ding‘eonditions and times, are specified in Tables 2 and 3. The purpose
htgain due to moisture; the moisture content shall be 0.20% (by weight)

fiber volume

e modes. This
ckness shall be
ure mode.

b not influenced.
7.4.The

ay be protected
sealant or metal

within £3°.
accordance with
not overheat the

Cimen Selection: $pecimens to be tested at a particular test condition shall be randomly

uring specimen
rage procedures,
is to limit the
maximum. If the

A it obhaoll bha ~eay

h that the

e CRP-k T-CW-N [ PN~ TR~V A RT- = H T -V PSP~V -V~ V-¢ 3 °N caticfia
VarICUO anrnrey/ I.UIII'JUIGI.UIUIIIullllull.y mrmnto vdaririut vo odatliolivu,

t-Snamrbeprove

moisture uptake has not exceeded 0.20% . This limit is applicable to specimens to be tested
in the 'DRY'-condition and specimens which are to be fluid immersed.

Drying of Specimens: If there is any doubt about the moisture uptake in the specimens a
traveller or spare specimen as applicable shall be dried to equilibrium at 70 °C = 3 to
determine the moisture content. The weight loss due to moisture shall be less than 0.20%.
Specimens dried at 70 °C shall not be tested afterwards because the drying procedure may
have given the material a post-cure.

When the moisture content exceeds 0.20% the remaining specimens shall be dried at
40 °C £ 2 to reduce the moisture content to less than 0.20%. No specimen shall be dried more

than

once.
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6.1.9 Strain Gauge Bonding: Standard strain gauge bonding procedures can be used.

For fluid immersed or humidity aged specimens, bond the strain gauges after conditioning:

a. Remove the fluid from the surface of the specimen.
b. Wipe the bond area with a Methyl Ethyl Ketone (MEK) moistened cloth.
c. Apply the strain gauges.

6.2 Fluid |
6.2.1 Dete
lami
give
tests

6.2.2

6.2.3

mersion and Humidity Aging:

post cure effects. The screening test program, reference AMS2980/2, s

of the DMA results, CACRC-QPG shall decide which wet conditioning proce

sele

Lam
watsg

San

Trav

TN N — r+ r—~

©Q00T

Trav

R
{
R

cted for the qualification program.

r immersion and humidity aging, respectively.

b be solvent immersed

aminate thickness to be humidity aged

bandwich panel configuration to be humidity aged
Combination of material -batches to be tested

eller specimen dimensions:

rovided the specimens do not have tabs.
ror.sandwich panels length and width 50 mm £ 5. Traveller specimen ed

fwich panels shall be conditioned by humidity aging; see paragraph 6.2.%.
eller Specimens: Three traveller specimens shall be used for each of the

Combination of fluid type and laminate thickness to be conditioned, excey

Fach set of panelsor specimens that essentially follows different route ar

For solid\panels length and width both larger than 25 mm. Spare specimg

rmination of Wet Conditioning Procedures: The initial wet conditioning ptocedure for
nates and cured neat resin is immersion in water because humidity_aging is expected to

becifies DMA

on both water-immersed and humidity-aged neat resin specimens. Based on comparison

Hure shall be

nates shall be wet conditioned in accordance with paragraph 6.2.4 and EN 2823 for

following:

t for specimens

d/or schedule

ns may be used

jes shall be

asdlad rofor tonaraaranh- 62 5

CaOIrCU, T oo o paiagiapiT O z9~

Accuracy of weight gain measurement: 0.02% (absolute).

Selected Fluids: For assessment of the influence of fluids on the mechanical properties the
following fluids shall be used; refer to EN 2379:

Water . specification not applicable, distilled water

Fuel

: EN 2379 test fuel 1, JET A1, NATO code

F-34,

Kerosene - Low freeze point
Solvent : EN 2379 Methyl Ethyl Ketone, Laboratory grade
Hydraulic fluid : EN 2379 Tri-N-butyl phosphate ester, Laboratory grade
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TABLE 2 - Storage Conditions and Times for Laminate Panels and Laminate Specimens

Subsequent Steps Specimen Test Specimen Test

in the Specimen Test Specimen Test Condition™: Condition: Wet
Manufacturing Specimen Test Condition": Solvent Condition: Fuel Hydraulic Fluid  (Water Immersed
Process Condition": Dry Immersed Immersed Immersed or Humidity Aged)

Panel, subpanel  Record wet lay-up Record wet lay-up Record wet lay-up Record wet lay-up Record wet lay-up
and specimen panel curing date. panel curing date. panel curing date. panel curing date. panel curing date.
manufacturing Storage at 23 °C + Storage at 23 °C + Storage at 23 °C + Storage at 23 °C + Storage at 23 °C
5 in moisture-proof 5 in moisture-proof 5 in moisture-proof 5 in moisture-proof 5 in moisture-proof
i i i i i i i i ag with desiccant.

Permitted open Permitted open Permitted open Permitted open
time for time for time for time for
manufacturing is 14 manufacturing is 14 manufacturing is 14 manufacturing,is 14 manufacturing is 14
days at ambient  days at ambient  days at ambient  days at ambient ays at ambient
condition condition condition condition ondition

(typically T<28 °C (typically T<28 °C (typically T<28 °C (typically’'T<28 °C (typically T<28 °C
and RH<75%). and RH<75%). and RH<75%). and RH<75%). nd RH<75%).

Specimen stprage - Storage at 23 °C + Storage at 23 °C +~Storage at 23 °C + $torage at 23 °C +
prior to fluid 5 in moisture-proof 5 in moisture-preof 5 in moisture-proof % in moisture-proof
immersion bag with desiccant. bag with desic¢ant. bag with desiccant. ag with desiccant.

Storage time: max Storage.time: max Storage time: max $torage time: max
14 weeks after the 14 weeks after the 14 weeks after the 14 weeks after the
panel curing date? . pane] curing date? . panel curing date? . panel curing date? .

Requirement: Requirement: Requirement: Requirement:

specimen moisture specimen moisture specimen moisture gpecimen moisture

content <0.20% by content <0.20% by content <0.20% by g¢ontent <0.20% by
!

weight®. weight®. weight®. veight®.
Aging or exposure - Immersion in Immersion in fuel atImmersion in Aging in humidity
solvent at room room temp hydraulic fluid at  ¢ghamber or
temp elevated temp immersion in water
3t elevated temp
Storage befqre Storage at 23'°C + No storage allowed 23 °C £5infuel 23°C+5in Humidity aged: 23
testing 5 in moisture.proof bath, max time 8  hydraulic fluid bath, 9C £ 5 in wet towel.
bag with-desiccant. hours max time 8 hours \Vater immersed:
) 23 °C = 5in water
Starage time: max Bath or wet towel.
22-weeks after the Max time 8 hours
panel curing date?.
Requirement:
specimen moisture
content £0.20% by
weight3.
Strain gauge Max 4 hours at Max 1 hour at Max 1 hour at Max 1 hour at Max 1 hour at
bonding ambient condition ambient condition ambient condition ambient condition ambient condition
Opentimeintest Max 24 hoursat Max 1 hour at Max 1 hour at Max 1 hour at Max 1 hour at
cabinet 23°C+2 23°C+2 23°C+2 23°C+2 23°C+2

1

) Fluids are specified in 6.1; aging conditions are specified in AMS 2980/2.

Exceeding the time limit requires measurement of specimen moisture content; refer to 6.1.8.
3 Exceeding the moisture limit requires drying of specimens; refer to 6.1.8.
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TABLE 3 - Storage Conditions and Times for Sandwich Panels and Sandwich Specimens

Subsequent Steps in the Manufacturing

Specimen Test Condition™:

Specimen Test Condition™:

Process Dry Wet (Humidity aged)
Panel and sub-panel manufacturing Record wet lay-up panel Record wet lay-up panel
curing date. curing date.

Storage at 23 °C £ 5in
moisture-proof bag with

desiccant

Storage at 23

°Cx5in

moisture-proof bag with

desiccant

Panel stora

Aging

ge prior to aging

Specimen fnachining

Storage be

fore testing

Permitted open time for
manufacturing, including
specimen machining, is 14
days at ambient condition
(typically T<28 °C and

RH<75%).

Storage at 23 °C £ 5in
moisture-proof bag with

desiccant.

Permitted open time for

Permitted opsg
manufacturing
specirhen.ma
days at ambig
(typically T<2
RH<75%).

Storage at 23
moisture-prog
desiccant.

Storage time:
after the pang
Requirement:
moisture cont
weight3.

Humidity char
temperature 3

Storage at 23
moisture-prog
desiccant.

Permitted ops

manufacturing, including panel manufacturing

manufacturing, is 14 days at
ambient condition (typically
T<28 °C and RH<75%).

Storage at 23 °C £ 5in
moisture-proof bag with

desiccant.

manufacturing
ambient cond
T<28 °C and

Storage at 23
in a wet towel
proof bag.

n time for

, including
Chining, is 14
nt condition
B °C and

°Cx5in
f bag with

max 14 weeks
| curing date’.

specimen

ent <0.20% by

nber at specified
nd humidity

°Ct5in
f bag with

n time for

, including panel
, is 14 days at
tion (typically
RH<75%).

°C % 5 wrapped
in a moisture

Strain gauge bonding

Open time in test cabinet

Storage time: max ZZ weeks
after the panel curing date?
Requirement: specimen
moisture content <0.20% by

weight3.

Max 4 hours at ambient

condition

Max 24 hours at 23 °C + 2

VMlax ime & hours

Max 1 hour at
condition

Max 1 hour at

ambient

23°C+2

! Humidity aging procedure is specified in 6.1; aging conditions are specified in AMS 2980/2.
Exceeding the time limit requires measurement of specimen moisture content; refer to 6.1.8.

2

% Exceeding the moisture limit requires drying of specimens; refer to 6.1.8.
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6.2.4

6.2.5

6.3

6.3.1

Fluid Immersion Procedure: The fluid immersion shall be performed in accordance with EN
2489 by total immersion of the specimens. The immersion temperature and period are
specified in AMS 2980/2.

The following supplements EN 2489:

Use new fluid only.
When immersing specimens the fluid shall be at the required temperature.
During immersion fluid replacement is not required.
[Determining fluid composition is not required.

isual inspection of specimens is not required.
[Determination of the weight gain: Wipe the traveller specimens with a-paper towel or lint
free cloth; determine the weight gain immediately after immersion.

~Po0ToD

Hunidity Aging of Sandwich Panels: Age the sandwich panelsbefore cutting|into specimens.
Seal the edges of the sandwich panels and the traveller spécimens, e.g., with metal foil tape,
to prevent moisture diffusion via the honeycomb core. Perferm the humidity dging in
accqrdance with EN 2823 except the aging conditions’and period are specified in Table 3 and
AMS 2980/2.

Report on Specimen Manufacturing, Conditioning and Storage:

The specimen manufacturing report shall refer to this standard and shall permit full traceability.
Any incident which may have affected the<quality of the specimen and any deviation from this
specifijcation shall be reported. The report shall include at least the following:

Pane¢l Manufacturing: Report the.complete identification of the materials to be tested,
including material manufactirer identification, material characteristics (for fabric e.g. filament
count, fiber areal weight,«weave style), batch number, date of receipt, material receiving
inspection and/or batch-release report.

All details about manufacturing of the panels shall include at least:
anel manufacturing date

Individuals performing the manufacturing
heptemperature and humidity

Time table for mixing, impregnating and curing

Description of the specific lay-up of bleeding materials, breather material and the precise
location of the thermocouples

Curing parameters, including the diagrams and equipment used

Cutting procedure/drying

C-scan results, settings and equipment used

Measured thickness

~Po0UToD

— TS
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6.3.2 Specimen Manufacturing:

a. Report the tab material, lay-up and geometry, the adhesive and the cure cycle for tab
bonding.

b. Report from which panel the specimens are cut. Report what equipment is used for
cutting.

c. Report period of specimen storage and storage conditions. When the specimens have
been dried, report the drying procedures and the weight reduction.

6.3.3 Fluid Immersion: In addition to the requirements in EN 2379 report:

Type of fluid

Fluid temperature

Immersion period (including dates)

Type of container

Dimensions of traveller specimens and the weight gain after immersion

P20 TW

6.3.4 Humidity Aging: Report the weight gain versus aging.time.
6.4 Test Hrocedure for Testing at Nonambient Conditions:

6.4.1 Temperature Chamber: The temperature chamber, in combination with the tgst fixture and the
spegimen, shall be such that the gauge lehgth of the specimen is at the required test
temperature within the time specified below. The temperature chamber shall pe approved by
CAJRC-QPG. The temperature measurement equipment shall be calibrated in accordance
with[ASTM E 4, accuracy 1 °C.

Usually the temperature is:
a. Controlled by onehermocouple measuring the air temperature in the chgmber
b. Monitored by one_thermocouple in the gauge length on the specimen, sealed from direct

gxposure to_the air.

6.4.2 Testing at Elevated Temperatures: Before starting testing, the temperature chamber and the
test fixture/shall be pre-heated.

Eachrspecimenmmountedmthetestfixtureshattbetheatedtotherequiredtest temperature.
The heat-up time of the specimen shall not exceed 5 minutes. The test shall start 2 minutes
after the specimen has reached the test temperature. During the test, the temperature, as
measured on the specimen, shall be the test temperature 2 °C.

For specimens to be tested at 120 °C the following apply:

For each batch of material and for each laminate thickness to be tested at a temperature of
120 °C the moisture content after testing shall be determined on a traveller specimen.
Determine from the mechanical test to be performed on that laminate thickness the longest
time from closing the temperature chamber to specimen failure. Put the traveller specimen in
a temperature chamber and simulate that temperature cycle. Report the measured moisture
content prior to and after testing.
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6.4.3 Testing at Sub-Zero Temperatures: Before starting testing, the temperature chamber and the

test

fixture shall be pre-cooled.

Each specimen mounted in the test fixture shall be cooled to the required test temperature.
The test shall start 5 minutes after the specimen has reached the test temperature. During the
test, the temperature, as measured on the specimen, shall be the test temperature £2 °C.

6.5 Additions and Changes to Standard Test Methods:

All tests required for qualification shall be performed in accordance with the Standard Test
Methods specified in AMS 2980/1 and AMS 2980/2 including any changes or additions defined
in AM$ 2980/1.

If two pr more alternate test methods are specified for a test the qualifier shall gelect a test

meth

from those specified.

a. Allfrequirements of the selected test method including.changes or additiong as specified in

AN

methods.

b. CH
alt

c. Regquirements of the Material Specificationtare valid for all test methods un

exi
The
qual
6.5.1 Gen
6.5.1.1 Un

fol

St
St
Mg
Di

ception has been defined.

fication testing and those to be*used for batch release testing of the qua
bral:

it to be Used: Thetest results shall be reported in both SI and imperial u
owing units shall be used respectively:

ains : ymm/mm pinch/inch
esses_\MPa psi

duli <.GPa ksi

mensions : mm inch

S 2980/1 are mandatory. It is not permissible to mix requirements of the alternate test

anges and additions specified in AMS 2980/1.for each test type are mandatory for all
brnate test methods for that test type unless a specific exception has be¢n specified.

ess a specific

IPS of a qualified material combination will define the test methods whicl were used for

ified material.

hits. The

6.5.1.2 Test Equipment: All equipment shall be calibrated. Alignment of equipment shall be verified
with suitable methods prior to tests like back to back strain measurement on dummy
specimen.

6.5.1.3 Measurement Equipment: Micrometers for thickness measurements shall have ball/ball
interfaces or at least a ball interface on the side to measure rough surfaces (non tool side).

Vernier calliper or equivalent shall be used.
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6.5.1.4 Strain Measurement: Strain measurement shall be accurate to within 1% of the measured
value at both the specified strain level and at the failure strain. Either strain gauge(s) or
extensometer(s) may be used. Report strain gauge type and length or extensometer gauge
length.

6.5.1.5

in the specified failure mode(s). Actual test failure modes shall be reported.

Failure Mode: Each test has (a) specific failure mode(s). Every specimen should have failed

Th
su

6.5.1.6 Tg

toy

Un
mé

a.
b.

—h

6.5.1.7 Ap
6.5.2 Tens

6.5.2.1 Sp

e test data of specimen that did not fail in one of the specified failure me
pmitted to CACRC-QPG for review.

st Procedure: Prior to testing, fluid immersed specimens shall-bé wiped
vel or lint free cloth.

less otherwise indicated in the changes and additions applicable to the s
pthod:

Number of specimens to be tested per test condition is defined in AMS
The nominal laminate thickness shall be used'in calculations of stress,
modulus. The nominal laminate thickness is the number of plies times t
thickness. The nominal ply thickness is\specified in the MS.

Fibre volume measurements are notrequired for normalisation purpose
quality control and void volume determination (Refer to AMS 2980/2).
Use the measured specimen width determined in accordance with the
in the actual test method in calculations where this measurement is req
Report failure loads and.actual specimen dimensions.

Modulus determinations shall be performed according to the secant me
relevant stress-strain curve.

plication of Test Results: Application of test results is the responsibility o
bile Weft: Reference specifications: EN 2561-C or ASTM D 3039/ASTM [

ecific Additions and Changes:

LAaminata lav 1in:- oaan AMS 2090 /D

Hes shall be

vith a paper

pecific test

2980/2.
strength, and
he nominal ply
s, but only for

rocedure defined
Lired.

thod of the

f the user.

) 3039M.

@*oo0oToD

T

oot oy - O oo T 7T IO J0O 0T

Overall specimen length: 250 mm + 3

Specimen width: 256 mm + 0.25 measured on three locations along the gauge length

Gauge length: 2125 mm
Side to side parallelism: 0.08 mm
Face to face parallelism: 0.08 mm

The use of tabs shall be optional, to be agreed between the parties involved in the
individual qualification. Tab definition: EN 2561-A or ASTM D 3039/ASTM D 3039M

Modulus reference points: 1000 and 3000 ymm/mm
Failure strain shall be measured
Poisson’s ratio shall be determined if specified in AMS 2980/2

Specified failure modes: Tension failure within the gauge length lateral o

r angle direction

-23 -



https://saenorm.com/api/?name=2956f481013b97f827b519454b724928

AMS 2980/1A

SAE

AMS 2980/1A

6.5.3 Compressive Weft: Reference specification: EN 2850-B.

6.5.3.1

Specific Additions and Changes:

a.
b.
c.

Laminate lay-up: See AMS 2980/2
Gauge length: 12.5 mm £ 0.2
To verify alignment and specimen load response back to back strain ga

uge

measurements shall be obtained on the first specimen for each test condition

Modulus reference points: 1000 and 3000 ymm/mm

6.5.4 Tens

6.5.4.1

6.5.5 DMA

Sp

STQ@ 0 Q0T

Test fixture use: First torque all bolts sequentially to a low torque, then increase

sequentially to the specified torque
Specified failure modes: Compression failure within the gauge length in
thickness shear, brooming, transverse shear or splitting

ile In-Plane Shear (+45°): Reference specifications: EN 6031 or ASTM [
ecific Additions and Changes:

Laminate lay-up: See AMS 2980/2

Overall specimen length: 230 mm * 1

Specimen width: 25 mm + 0.25 measured on three locations along the
Thickness tolerance: £0.2 mm

Side to side parallelism: 0.08 mm

Face to face parallelism: 0.08 mm

Cross head speed: 2.0 mm/min,or 0.1 inch/min

Stress of each specimen shall"be determined at:

(1) 0.2% offset shear strain

(2) 5% shear strain

(3) ultimate

Modulus reference points: 2000 and 6000 shear strain

All stresses and moduli shall be calculated and reported with both the g
measured laminate thickness and the nominal laminate thickness
Specified‘failure mode: No tension or shear failure before defined strain
shall fail-within the gauge length.

Gomposite: Reference specifications: EN 6032-A or ASTM E 1640.

cluding through

) 3518/3518M.

jauge length

verage

levels. Ultimate
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6.5.5.1

P20 TW

R LR

l.
6.5.6 Tens

6.56.1 Sp

XTTT @TM0o00

6.5.7 Tens

Specific Additions and Changes:

Laminate lay-up: See AMS 2980/2

Specimen length and width: According to requirements of the test equipment

Start temperature: Room temperature
Loading mode: To be reported

Strain range: Within linear viscoelastic range, <1000 microstrain recommended. Actual

range to be reported.

Heating rate: 5.0 °C £ 0.2

Purge gas and flow rate: To be reported

Transducers and controllers: To be reported

Individual results of each specimen to be reported

Test data: Storage modulus at 23 °C, 80 °C and 120 °C, no-Tqg, etc.
Reported data: Percentage of change in storage modulus at 80 °C and
compared to that at 23 °C

Plot scale presentation: Linear and log scale

ile Ql: Reference specifications: EN 6035-A or ASTM D 3039/ASTM D 3
ecific Additions and Changes:

Laminate lay-up: See AMS 2980/2
Specimen EN 6035-A: According{¢’ Figure 1 of EN 6035-A without hole
Gauge length: 180 mm minimum

Specimen width: 38.1 mm £ 01

Side to side parallelism:.008 mm

Face to face parallelism:0.08 mm

The use of tabs shall be optional, to be agreed between parties involve
qualification

Cross head speed: 2 mm/min or 0.05 inch/min

Measure andreport Young’'s modulus and failure strain

Modulus feference points: 1000 and 3000 ymm/mm

Specified/failure mode: Any tension failure within the gauge length

bile QI Open-Hole: Reference specifications: EN 6035-A or ASTM D 5764

120 °C

039M.

1 in an actual

b/D 5766M.

6.5.7.1

TT@ ™m0 o0 T

Specific Additions and Changes:

Laminate lay-up: See AMS 2980/2

Gauge length: 180 mm minimum

Specimen width: 38.1 mm £ 0.1

Hole diameter: 6.35 mm +0.09/-0

Hole centerline tolerance: £0.1 mm

Hole micrometer: Type as required with an accuracy of £0.025 mm
Cross head speed: 2 mm/min or 0.05 inch/min

Report failure stress and width to hole diameter ratio (w/d)
Specified failure mode: Any tension failure through the hole
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6.5.8 Compressive Ql: Reference specification: SACMA SRM 3 issue 1994.

6.5.8.1

6.5.9 Com

6.5.9.1

6.5.10 Bea

6.5.10.1 S

6.5.11 Com

6.5.11.1 Sp

Sp

ecific Additions and Changes:

Laminate lay-up: See AMS 2980/2

Specimen: Without circular hole

Cross head speed: 1 mm/min or 0.05 inch/min
Modulus reference points: 1000 and 3000 ymm/mm
Failure strain: To be reported

~Po0TD

Sp

~Po0TD

a.

oo

Specified failure modes: Compression failure within the gauge length including through
thickness shear, brooming or transverse shear

pressive QI Open-Hole: Reference specification: SACMA SRM-8-issue 1994.
ecific Additions and Changes:

Laminate lay-up: See AMS 2980/2
Specimen hole diameter: 6.35 mm +0.09/-0
Measurements: Hole diameter and specimen width at the location of th¢ hole
Cross head speed: 1 mm/min or 0.05 inch/min

Failure stress: To be reported only, no medulus
Specified failure mode: Any compressién failure through the hole

ing Ql: Reference specification: EN6037-A.
ecific Additions and Changes:
Laminate lay-up: See AMS 2980/2
pression After Impact: Reference specification: EN 6038.
ecific Additiens and Changes:
Laminate’lay-up: See AMS 2980/2

Impactor roughness: Ra <0.8 ym
Number of impact energy levels to be tested in compression: 3 levels determined in

nnnnn AdAancaovawuth naraaranhh O £ 414 9

@~oa

aceordance-with-paragraph-6-5-4H4-2
Energy level tolerance: £10%

Impact indentation depths of all specimens to be determined and reported

Visible damages shall be recorded on both sides of the specimens

Post impact NDI inspection: Similar to pre impact inspection on at least one
representative specimen of each impact level determined for compression testing
Cross head speed: 1 mm/min

Strain gauges shall be applied to both sides of the specimen and coupled to the
recorder such that panel buckling can be detected

Specified failure mode: Compression failure including at least a portion of the impacted
area
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6.5.11.2 Determination of the Impact Levels to be Tested: A series of impacts shall be performed to
determine the impact energy which gives an indentation depth of 0.3 mm on the impacted
surface; damage at the other surface is not of interest in this definition.

The specimen(s) used in this part of the test method will not be tested in compression;
therefore the specimen dimension may be equal or greater than the specimens used to
determine the failure load. All impacts may be done on one specimen if possible. It is
assumed that the impacts do not interact. If the back face of the specimen shows
considerable damage (e.q., fiber splitting) due to repeated impacts, a second specimen

sh

Te
Im
de
im
im

Fr
teq

1.
2.
3

bll be used to confirm the indentation depth.

st procedure: Preselected levels of impact are specified in the reféerence
pact the specimen with lowest preselected level. Measure the. indentatio
pth is smaller than 0.3 mm, impact this specimen on anotherdocation, wi
bact level. Repeat this procedure until an indentation depth*of (0.3 mm i
bact level tested is defined as the 0.3 mm impact energy level.

bm above test procedure, three impact energy levels shall be determined
ting:

The impact energy that gives 0.3 mm indentation
One level below the 0.3 mm impact energy level
Two levels above the 0.3 mm impactienergy level

If this level exceeds the preselected impact levels specified in the referencg

o
6.5.12 Flaty
6.5.12.1 Sp
a.

b.
c.

CRC-QPG will define the upper impact energy level
vise Tensile: Reference'specifications: EN 6062 or ASTM C 297.
ecific Additions and*Changes:

Laminate laysup: See AMS 2980/2. 0°-direction parallel to ribbon directi
honeycomb

Geometry: Square 50 x 50 mm % 0.5 for specimen and facing blocks
Specimen manufacturing: According to paragraph 6.7.8 using Aramid p
phenolic honeycomb referenced in AMS 2980/2

d.

 test method.
h depth. If the
h the next higher
s found. The last

for compression

bd test method,

on of the

aper based

e.
f

Facing block-material-- Al 2024-T351_25 mm thick
Bonding of aluminum facing blocks: See paragraph 6.5.12.2
Specified failure mode: Bondline of the repair skin to the honeycomb

6.5.12.2 Bonding of Aluminum Facing Blocks: The cure cycle shall be such that the laminate
properties are not altered.. The selected adhesive shall be approved by CACRC-QPG, see

pa

ragraph 6.7.4 for suggested material.

6.5.13 Long Beam Sandwich Flexure: Reference specifications: EN 6061 or ASTM C 393.
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6.5.13.1 Specific Additions and Changes:

apow

o

Laminate lay-up: See AMS 2980/2

Load span: 100 mm

Support span: 560 mm + 1

Loading cylinders: Diameter 15 mm, circular within 1% of diameter and
0.5% of the length

Support cylinders: Diameter 30 mm, circular within 1% of diameter and

straight within

straight within

— b= (o R

k.
6.5.14 Tens
6.5.14.1 Sp
a.
b.

c.
6.5.15 Tens
6.5.15.1 Sp
a.
b.
c.

6.6 Deterr

0.5% of the length

Specimen manufacturing: According to paragraph 6.7.8

Specimen width: 75.0 mm £ 0.1

Specimen length: 610 mm + 1

Specimen position for testing: Wet lay-up skin in compression
Specified failure mode: Compression failure of the wet lay=up skin or de
honeycomb core and the wet lay-up skin in the area inside of the loadin
Deflection: No measurement required

ile Tapered Joint: Reference specification: EN 6066.
ecific Additions and Changes:
Laminate lay-up: See AMS 2980/2
Laminate manufacturing: See paragraph 6.7.9 or 6.7.10 as applicable
Joint length: 80 mm
bile Stepped Joint: Referenée specification: EN 6066.
ecific Additions and €hanges:
Laminate lay-up) See AMS 2980/2
Laminate manufacturing: See paragraph 6.7.9

Joint length: 75 mm

hination' of Laminate Quality:

bonding of the
g span

nd e critahilitv far machaniaal tactina chAall ha Ad

6.6.1 C-Scar—Fhe-panclquality-and-itssuitabilityformechanical-testing-shall-be-determined with
ultrasonic inspection. Objectives of the inspections are specified in the following paragraphs.
Subsequently example inspection techniques are mentioned. The lay-up of the panels is
specified in AMS 2980/2.

6.6.1.1 La

a.
b.
c.

minate Panels: For laminate panels the inspection shall be suitable to:

detect delaminations
determine the homogeneity of the panel with respect to porosity
determine the average attenuation

The quality of the individual laminate panels, manufactured with the same procedure, shall
be compared. Acceptance and rejection criteria will be determined by CACRC-QPG.
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6.6.1.2

6.6.1.3

Sandwich Panels: For sandwich panels the inspection shall be suitable to:

a. detect delaminations
b. detect core skin disbonds

Acceptance and rejection criteria will be determined by CACRC-QPG.

Procedure: Inspection equipment, procedures, equipment settings and the qualification of
the_scan-operator shall be agreed upon between the manufacture and CACRC-QPG.

Example methods and equipment settings are described below.

Example method for inspection of laminate panels:

Method immersion through transmission
Frequency 5 MHz broad band

Focus spot (spherical), focal distance 61 mm
Bgam width at -6 dB 1 mm maximum

tance between transducers 2 times focal distance

mple method for inspection of sandwich panels:

Method water jet through transmission
Fréquency 1 MHz

Squirter diameter 6 mm

Distance between transducers ascsmall as possible

Example for scan parameters:

Sgan parameters step size in both scan and index direction 1

Distances product is placed in the center between the

Ingtrument damping (serial in transmitter) 50 ohm frequ
broad band

System computerized system with digital data acqu

processing capabilities; system linearity +29

mm
transducers
ency range on

sition and post
o maximum
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6.6.2 Void Content: The panel lay-up is specified in AMS 2980/2.

The procedure to determine laminate porosity is as follows:

1.

approximately 50 mm (2 inches) long.

2.

~

f
A
g

o

0O _—Hh D 0O

-5

Obtain five specimens from different areas of the panel. Specimens should be

Polish to zero scratches. The polishing step is critical. Any surface scratches will
dversely affect the porosity reading. Do not contaminate the surface to

e polished with

nounting compound.
Perform image analysis:

Use either microscope or SEM connected to an image analyzer./ Th
indicate the equipment used.

Magnify the image to 50 X.

Use the computer to obtain an image of the part, or s€ction being a
the image into shades of grey.

Determine critical grey level; darker levels are porosity, lighter are n
Mark porosity.

Ratio the percent porosity to total area of the image.

The image readings shall cover the entire-area of laminate coupons|
of sandwich coupons.

Use 20 readings of each specimeny

Tight scatter indicates a uniformspanel. Wide scatter indicates varia
panel and additional image analysis should be performed (on more

6.7 Specimnen Manufacturing:

6.7.1 Gen

Perg
curirn

bral:

onnel - Only sufficiently trained and competent personnel shall perform t
g and machining work.

Health and saféty - This standard does not provide any directions necessary

and
esta

Sho

h conditions
GORGHORARS

safety requirements. It is the responsibility of the user of this standard to
plish@ppropriate health and safety precautions in accordance with releva

Lnless othenanisa s
HESS-OtRe WIS

b report shall

halyzed. Digitize

ot.

, or of the skins

ble porosity in the
specimens).

he laminating,

to meet health
consult and
nt local laws.

Temperature

[aY
A g

: 15t0 30 °C

Relative Humidity : 30 to 75%

ecified the canditions of the laminating
Heg,+Re-coRaiHoRs-oHRe1aiRadnRg

shop shall be:
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6.7.2 Equipment:
Balance: Balance with an accuracy of 0.01 gram.

Control and recording devices: Suitable devices to control and record temperature of the
laminate and vacuum pressure. Record these parameters over time.

Acc

racy: Temperature : +2%

Cutt
dime

The
excs

The
lowd
addi

Hea
temg
squs

Ove
the 1
cont
to cu
dryir

Thefmocouples: he laminate temperature shall be measured with thermoco

Com

Vacuum 1 +15%.

ng equipment: Equipment for sawing or machining shall be capable of a
nsional tolerances defined for the specimens.

machining speed shall be such that the local temperature,6f the specime
ed 60 °C during the cutting operation.

r the cutting temperature and to avoid carbon dust. To cool the specimer
ives, shall be used.

sources to assist squeeze-out operatien:*lron, heat gun, or heat table w
erature to control the laminate temperature to 35 °C maximum may be U
eze-out operation.

ecessary ranges in accordance with material requirements. The oven sh

re composite panelsiis never used for processes which might cause co
g of release agents.~The use of other heat sources shall be approved by

mercially-available welded thermocouples may be used.

chieving the

n shall not

process may be performed in dry or wet condition, Wet condition is recommmended to

1, water without

th adjustable
sed to assist the

n: Air circulating oven shall be of suitable size to maintain temperature and heat-up rate in

all allow

nuous vacuum application during cure. Care shall be taken to ensure thth the oven used

tamination, e.g.,
CACRC-QPG.

Liples.

Hin a constant

rocess shall be
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6.7.3 Essential Expendable Materials: In general all essential expendable materials shall be tested
before first use. They shall fulfill the following requirements:

a. No contamination of the laminate

b. Resistant to the uncured resin components (solvents, etc.)

c. No outgassing at elevated temperatures

d. No water absorption during storage.

The following material shall be used:

a. Beaker of suitable size and material to mix the base resin and curing age
Recommended material: polypropylene.

b. \Woven glass fiber fabrics, US - 120 style with an areal weightof 100 g/m!]
fabric shall be used as bleeder material for vertical bleeding~1t can also b
breather material.

c. $patula to blend the resin and curing agent. Recommended material: Pol
polyethylene.

d. $tandard nonperforated release films like polyvinyl fluoride (PVF) or
polytetrafluoroethylene (PTFE).

The jparting film shall be used as foil on the:tool plate and as a separation foll

and preather in the vertical bleeding process.

NOT|E: The use of colored film helps-to minimize the risk of not removing the

lay-up.

e. Standard perforated parting film like polyvinylfluoride (PVF) or polytetraflu

g

(PTFE) with hole diameters of approximately 1-1.2 mm and open area of
perforated film is used in the bagging procedure for vertical bleeding proc
FPolyamide fiber fabric peel ply with an areal weight of 60 g/m2. Requirem
(

1)

(R) Forsgqueeze out the peel ply is used for detection of remaining entr:
Specific absorbing capacity is required for this purpose.

$tandard release agent of the nonsilicone type.

allowéd:

nt.

. This glass
e used as

yamide or

between bleeder

film during ply

oroethylene
1.25-2.25%. The
ess.

ents:

No impregnation with any release agent or other agent detrimental fo bonding is

hpped air. No
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