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2.1

2.2

2.3

. 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.

REFERENCES:

The following publications form a part of this specification to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue

in effect on the

SAE Publicat

Available fron

AMS 2980

AMS 2980/2

AlIR4844

ARP4916

ASTM Public

Available fron

ASTM D 1652 Epoxy Content of Epoxy Resins

ASTM D 2398 Viscosity of Epoxy Resins:and Related Components

ASTM D 2896 Total Base Number of Retroleum Products by Potentiometric Perchloric Acigd
Titration

ASTM D 3990 Terminology Relating to Fabric Defects

ASTME 4 Practices for Foree Verification of Testing Machines

ASTM E 203| Water Using:Katrl Fischer Reagent

EN Publicatigns:

Available fron
B-1050 Bruxg

ot of tho nivobhaca ardar nlaco atharmanca cnacifin

1 +l o
auaLlte UTrT uauire Pul\.'l TUOLC UTUCT UlTTTCOoOo ULTITUTVWIOU JPbUIII\lU.
ons:
N SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

Technical Specification: Carbon Fiber Fabric and Epoxy Resin\Wet Lay-Up H
Material - Part O - Introduction
Technical Specification: Carbon Fiber Fabric and Epoxy,Resin Wet Lay-Up H
Material - Qualification Program

Composites and Metal Bonding Glossary
Masking and Cleaning of Epoxy and Polyester Matrix Thermosetting Compos
Materials

epair

epair

te

htions:

n ASTM, 100 Barr Harbor Drive, Westi\€onshohocken, PA 19428-2959.

n CENZecomité, Europeén de Normalisation, Secrétariat Central, Rue de Stassart 36,

lles,‘Belgium.

EN 2379
EN 2489
EN 2561

Test Fluids for Nonmetallic Materials
Fiber Reinforced Plastics - Action of Liquid Chemicals

AMS 2980/1

EN 2823

Carbon Thermosetting Resin Unidirectional Laminates - Tensile Test Parallel to the
Fiber Direction

Fiber Reinforced Plastic - Effect of Exposure to Humid Atmosphere on Physical
Characteristics
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2.3 (Continued):

EN 2850 Fiber Reinforced Plastic - Unidirectional Laminates and Woven Fabric Laminates-
Compression Test

EN 6031 Fiber Reinforced Plastic - In-plane Shear Properties (45° Tensile Test)

EN 6032 Glass Transition Temperature (DMA)

EN 6035 Fiber Reinforced Plastic - Notched and Unnotched Tensile Test

EN 6037 Fiber Reinforced Plastic - Bearing Strength

EN 6038 Fiber Reinforced Plastic - Compression Strength after Impact

EN 6041 Differential Scanning Calorimetry (DSC)

EN 6042 Organic-Cempound by Infrared-Spestre

EN 6043 Geg] Time and Viscosity of Matrix Resins

EN 6061 Sahdwich Flexural Test - 4 Point Bending

EN 6062 Fiber Reinforced Plastics - Flatwise Tensile Test of Composite Sandwich.Panel

EN 6066 Fiber Reinforced Plastics - Tensile Strength of Tapered and Stepped Joints

2.4 1SO Publicatior)s:

Available from |SO, Central Secretariat, 1 Rue de Varembé, Case postale 56, CH-1211 Geneve
20, Switzerland.

ISO 472  Plgstics - Vocabulaire

ISO 868  Hafdness Shore D

ISO 1183 Depsity and Relative Density of Non-Cellular Rlastics
ISO 1890 Cafbon Fiber - Twist

ISO 2555 Brgokfields RV Viscosity

ISO 3001 Eppxide Equivalent

ISO 9001 Quiglity Control by Supplier

ISO 9702 Vigcosity

ISO 10119 Cafbon Fiber - Density

ISO 10120 Cafbon Fiber - Linear Density.

ISO 10548 Cafrbon Fiber - Size Content

ISO 10618 Cafbon Fiber - Tensile-Properties by Resin Impregnated Yarn Specimens

2.5 SACMA Publications:

Available from Buppliersof,Advanced Composite Materials Association, 1600 Wilson Boulevdrd,
Suite 1008, Arlington, %A 22209.

SACMA 3 Opep-Hole Compression Properties of Oriented Fiber-Resin Composites, Issue 1994

3. DEFINITIONS:
3.1 General:

For the purpose of this standard the definitions in ISO 472 apply with the following additions or
modifications. For further definitions or explanation of terms, refer to AIR4844.
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3.2 Specific for Carbon Fiber/Fabric and Resin Materials:
BOBBIN: All yarn contained on one spool.

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.

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 ong
continuous opergtion from which several smaller fabric rolls are taken.

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

RESIN BATCH: | A quantity of homogeneous resin (base resin and curingtagent) prepared in ope
operation with traceability to individual component batches as defined)invthe PCD of the resin
system manufadturer.

REPLICA: Production of a defined material of an original souree on another production line
and/or a different site using the same raw materials and processes as the original source.

SIZING: An orghnic coating. It is applied during fiber manufacture to improve handling propertjes
during weaving.

WOVEN FABRIC: Fiber yarns woven into a fabric of any two-dimensional weave pattern. Wafp
and weft tracer fijbers of another material nfay-be incorporated into the fabric.

WOVEN FABRIC BATCH: A quantity.of+fabric of a certain weaving style produced on a certain
loom in accordapce with the PCD,. The production run of the batch shall be a continuous
operation and shall not be interruptéd by a run of a different material.

YARN: A bundl¢ of fibers usually twisted and suitable for making fabric.

4. REQUIREMENTS:

4.1 General Requirements:

4.1.1 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
PRI upon request. PRI shall treat any information contained in the PCD as confidential.
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4.1.1 (Continued):

41.2

413

41.4

4.1.5

4.2 Technical Re
4.2.1 Technical R

4.21.1 Fiber: T

4212

Changes to the PCD of a qualified material are subject to the written approval of the PRI. 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.

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.

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 processi
any health
protect the

The manuf
material. T
inspected f

environment.

pcturer shall inform the purchaser regarding safe handling procedures of the
he resin system formulation given to the PRI during qualification shall also be
pr health and safety requirements.

Manufactuer's Responsibility: The manufacturer is responsibl€ for'the development and

manufactu
manufactu

supply a qu

Adjustmen
the manufg

Quality Asg
ISO 9000 g

e of any material submitted in accordance with this\TS. Quality control by the
alified material for a minimum of ten years.

of manufacturing techniques and /or precedures to the state of the art techno
cturer's responsibility and may require-requalification to this specification.

urance: The manufacturer's quality system shall be approved as defined in
r equivalent.

uirements:

equirements for Carbon Fibers:

qualified
assembli
re-qualifi

the MS.

e carbon fiberused to weave the fabric according to this TS shall be a material

in prepreg-farm for one of the epoxy prepreg specifications used to manufactu
s for a.commercial aircraft by an OEM. For this qualification program
ation_of‘the fiber is not required provided that the specified tests have been

sizing chemistry. The sizing when applied shall meet the requirements of the MS. After
gualification the size type and content shall be defined in the IPS.

hg the materials in the composite shop, the fabric/resin combination shall.not,g
problems or cause an emission which requires special measures to bettaken t

er shall be in accordance with this TS. The material manufacturer commits itsg

ause

pIf to

ogy is

re

Pretreatment and Sizing: The PCD shall specify appropriate control of fiber pretreatment and
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4.2.1.3 Fiber Splices: The fiber yarn on each bobbin shall contain no more than seven splices per
kilogram of yarn.

4.2.2 Technical Re

quirements for Fabric:

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

4.2.1. Loo

ms 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 be used in the weft direction. The

fiber orien

ation for the warp and the weft shall be 0° and 90°, respectively. The material

tooling and
contaminal
the PS for
numbers.

1. atthe ti
2. at the ti

The wover

4.2.2.2 Fabric Red
the purcha

not be use

The selvag
when the 1

The fabric
shall be 1

The mater
surface, it

Carbon faf
overlapped
shall not b
when agre,

ion of the fabric. Each roll in a fabric batch shall meet the length requirement
carbon fabric. The fabric manufacturer shall assign consecutive fabric@elt
Roll number assignment may be done:

he of weaving or
he these rolls are wound from master rolls.

fabric shall meet the requirements of the MS.

of

naterial is unrolled.

2.5 mm for each meter of fabric width.

al shall be wound onsthé support tube, in a way that when unrolled on a flat
Will retain edges that are straight within £25 mm in a 15 m length.

ric may be spliced to meet material roll length requirements. Splices shall be

a maximun, 6f 300 mm with a maximum of one splice per roll. Material splicep
b within_20-m of the end of the roll. Material splicing deviations shall be allowed
Pd upon between purchaser and the fabric manufacturer.

Each defe

tt 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.

methods used for weaving and handling shall not affect the carbon fiber oricduse

of

uirements: The incorporation of glass tracer yarns:may be agreed upon between
ser and the fabric manufacturer. The tracers shall-be woven approximately every
50 mm in the warp direction and every 150 mm in the weft direction. Aramid fiber tracers

shall

e shall be of such width (38 mm maxintum) as to cause no distortion of the falbric

width, which excludes selvage, shall be specified in the IPS. The width tolerance

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

(if any) in t

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

4224

42.2.5

4.2.3 Technical Req

423.1

4.2.3.2

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 continuous defect.

Continuous weaving defects, such as wrinkles, cut fibers, and crushed distorted yarns, shall
be considered a continuous defect if they involve more than one yarn. Multiple defects such

as missed

pm , missing end, whipped 1N WeTt, I00SE pICK, slab, KNk, and fuzz ball shall be
considered @ continuous defect if they involve more than one yarn.

A continuou
where no dsg

Splices of agljacent yarns shall be spaced apart 12.5 mm minimum. A fabri¢-roll shall cont

not more th4

Warp yarn d
Weft yarn dg

Storage Cor
clean and df
and/or have

Storage Life
fabrics shall
storage time
storage life s
storage life,
MS. Storag

Nominal Prg
PRI shall ag
the blending
These nomi
contain a dw

5 single yarn or weaving defect shall not exceed 170 mm in any lineatCmeter
fect is closer than 150 mm to another.

n one splice across the fabric width, see paragraph 4.2.2.2¢

eviation from a straight line shall be 5 mm maximum,over 1.0 m of fabric lengt

ditions for Carbon Fabrics: The fabric shall bg stored wrapped in plastic in a
any other rolls or objects placed on top ofiit.

of Carbon Fabrics: When stored in accordance with paragraph 4.2.2.4 the
have a minimum storage life of two-years from the date of receipt. The maxin
shall be specified by the fiber-manufacturer and shall be stated in the IPS. Th
hall be guaranteed by theweaver and the fiber manufacturer. At the end of th
the fiber, fabric and composite shall meet the requirements of this TS and the
P life extension procedures may be described in the IPS.

Lirements for Resin System:

cess Parameters for Qualification: Prior to qualification the manufacturer and
fee upon the nominal blending proportions of the base resin and the curing ag
instructions and the nominal cure cycle; see paragraphs 4.2.3.3 and 4.2.3.8.
hal proeess parameters shall be specified in the IPS. The nominal cure cycle
elirto comply with viscosity requirements. AMS 2980/2 specifies process

parameters

pased on the nominal parameters. Cure cycles and blending ratios not tested |

i

y area. The fabric roll shall not be allowed {o.lay on a surface, stand on its end,

n

n.
viation from a straight line shall be 50 mm maximum®over 1.0 m of fabric widtf.

e

ay

n

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.
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4.2.3.3 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 2 to 3 minutes
in a suitable container.

4234

4235

4.2.3.6

4.2.3.7

4.2.3.8

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 delivered in
accordance with this specification shall have a water content less than this amount.

Color: Colg Vi i ificati >

resin shall
no special
MS. The c(

Storage Life of the Resin System: At the end of the defined storage life the base resin ar

curing age
procedureq
shall meet

a. The stor|
worldwid
and spe

b. Storage
minimun

Properties
the require]

Properties
requireme
neat resin
accordanc

4.3 Requirements

The performan
in AMS 2980/2
method of parg

pbe different from the color of the curing agent to avoid exchange by mistake'.
equirements for the color of the resin system unless otherwise specifiedin thg
lor of the base resin and the curing agent shall be uniform.

nt shall meet all requirements of this TS and the MS. Storage life extension
may be described in the IPS. The storage life of base resin‘and curing agent
the following requirements:

pge life of unopened containers from the date of receipt'at any purchaser
e: 12 months minimum at storage conditions to be.defined by the manufactur,
Cified in the IPS

life of kitted and unopened containers at room temperature shall be six month
h and shall be specified in the IPS.

of the Base Resin and Curing Agent: The base resin and curing agent shall
ments of the MS when tested iniaccordance with AMS 2980/2.

There are

d

1"z

eet

of the Uncured and Cured\Neat Resin: The uncured resin system shall meet the

ts of the MS when blended and tested in accordance with AMS 2980/2. The
shall meet the requirements of the MS when blended, cured and tested in
b with AMS 2980/2.

or Composite‘Materials:
ce level-of the composite material, achieved in the qualification testing as speg

shallaneet the values specified in the MS when subjected to the statistical
graph 5.6.

ured

ified
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4.4 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.

4.4.1 Required Number of Specimens: The required humbers of test specimens are listed in
AMS 2980/2.

4.4.2 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 PRI for using alternative test
procedures. I{is the responsibility of the fiber manufacturer to demonstrate the correlation.o
his proposed test method with the methods specified.

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

4.4.3.1 Fiber Areal Mass: The fiber areal mass shall be determined by weighing a 200 mm by
100 mm sample and dividing the mass in grams by the measured sample area in square
meters. The fiber areal mass to be reported is the average of three samples taken across|the
width of the yoll.

4.4.3.2 Yarn Count:| Yarn count shall be determined by measuring theyarns in both the warp and
weft directions on three separate sample areas of minimum<¢Q00 mm by 100 mm across th
width of the foll. Calculate the yarn count by dividing the namber of yarns counted by the
actual dimension of the test sample perpendicular to the yarns counted in mm. The yam
count in each direction to be reported is the average.of the counts on the three samples.

\1%

4.4.4 Test Methods for Resin System: Test methods accéepted for characterisation of the resin
system are defined in AMS 2980/2.

Since the chernical composition of the resifrsystem under test is not fixed by this specificatig
in order to achlieve optimum results these test methods generally require, before test, selectipn
of the appropr|ate test equipment and establishment of suitable test parameters. Since thesg
decisions may| affect the outcome of the test, test reports shall include all information requirefd
to allow indepgéndent reproduction of the test results, even if not specifically required by the test
method.

>

[

It shall be the fesponsihility of the qualifier to determine and agree on the detailed procedure
and to presen the testresults accordingly.

Requirements|fixed in the relevant Material Specification shall make reference to the test
method applied. If other test methods are to be used, correlation tests shall be performed.

4.4.5 Test Methods for Composites: The specimen manufacturing and the test methods are
described in Section 6.

-10 -
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5. QUALIFICATION:
5.1 Introduction:

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

a. Screening according to the screening program specified in AMS 2980/2 to verify the suitability
of the material combination for qualification.

b. Qualification of the material combination in accordance with AMS 2980/2.

c. Additionally, pach OEM referencing the specification may require additional tests before thi
material conlbination is approved for repair purposes.

U7

5.2 Material Qualifi¢ation:

5.2.1 General: The¢ qualification shall be carried out by the material manufacturers. A liaison betjveen
PRI and manufacturers shall be undertaken to agree on work and any,nécessary coordinatipn.
If the manufacturer cannot perform the required tests, a material testlaboratory acceptable [to
the PRI shall|be appointed. The screening and qualification program/may be witnessed by PRI
and/or airworthiness authority representatives. The manufacturer shall keep on file and at the
disposition off PRI all records (test graphs, process parametets,etc.) corresponding to the
qualification for at least five years.

5.2.2 Screening of ja Material Combination: The screening-test program may be a part of the
qualification &and should be done by the manufacturefs. A sample of the same batch of the
material used for screening by the manufacturer-shall be sent to PRI to perform either
screening tegts or reference tests on their own,»and run production shop trials with the matgrial.

The tests which shall be carried out are/déefined in AMS 2980/2. Material requirements are
defined in thg MS. The process parameters agreed between the resin manufacturer and PR
shall be used; see paragraph 4.2.3.1:

The results of the screening tests shall be collected in a report. A successful screening test
report, certifigd by the PRIdis\prerequisite to start qualification.

5.2.3 Qualification pf Material-/The qualification is directed to the raw material sources, the
equipment and the/precesses which have been identified in the PCD. The qualification is als
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.

T
o

5.2.3.1 Cross-Check: If required by PRI, a sample from one batch of the material shall be provided
to PRI to permit a cross-check to confirm that all qualification data supplied is comparable.

-11 -
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5.2.3.2 Additional Tests by OEM Outside of the Qualification Program: The OEM may require tests
to demonstrate:

a. Compatibility of the resin system with other materials (e.g., adhesive films, core splice,
potting compound, etc.)

b. The adhesion of the resin/composite to structure to be repaired

c. Specific tests applicable to parts to be repaired.

5.2.4 Audit of a Manufacturer: The manufacturer shall agree to an audit of the product manufacturing
operations, Quality Control System, raw material traceability, process records, test procedures,
test results and quality control records. Qualification audits shall be conducted during the
manufacture|of qualification batches.

PRI reserveg the right to perform an on-site audit on the manufacturing of any batcthof’qualified
material.

5.2.5 Establishment of an IPS: Upon successful qualification an IPS shall be estallished by PRIjand
the qualified [material combination shall be added to the QPL. In addition ¢o the performances
the IPS shall provide the qualified repair process parameters (blending ratio, cure cycle), cfoss
references tg the relevant in-house specifications of the manufacturers (PCD, etc.) and othpr
items and adreements describing the material and its controls. Reguirements and
performances shall be given in both Sl and imperial units (imperial units in brackets). The IPS
shall receive|official acknowledgment from the material manufacturers as basis for future
deliveries.

5.3 Material Qualification Program:
The manufactyrer and PRI shall agree on the procedure for the test program. The material tested
in the qualification shall be manufactured on the'same equipment and in accordance with the
same specificdtion and process procedures as‘the production material which will be delivered.
The qualificatign tests for fiber, fabric, resin 'system and composite are specified in AMS 298()/2.

In the material|qualification program:the following are applicable:

The first qualification batch may-bée the same as the one which has been used for the screen|ng
tests, so that the results of the\screening can be incorporated in the qualification results.

Three differenf manufaeturing procedures are used to make the composite specimens:
a. The squeeze outprocedure for making laminates; see paragraph 6.7.6.

b. The vertical |pleeding procedure for making laminates; see paragraph 6.7.7.
c. The vertical bleeding procedure for making sandwich panels; see paragraph 6.7.8.

The process parameters agreed between the resin manufacturer and PRI shall be used; see
paragraph 4.2.3.1.
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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 PRI. 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 PRI.

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

a. Complete identification of the material tested, including type, source, manufacturer's
identification, batch numbers, certificates, etc., and shall reference the PCD.

b. All details regarding specimen preparation as described in Section 6 including processing
and inspections.

c. Traceabilify of Specimens 1o the original laminate and processing conditions,
paragraph 6.3.

f. All test and retest data including reference to test methods used.
g. Individual values, arithmetic mean and standard deviations per group of spécimens.
h. The mateljial properties shall be reported in both Sl and imperial units.
i. Any incident which may have affected the results and any deviation framthis specification.
5.4 Side Qualificgtion and Requalification:
If any change|occurs relevant to the IPS or the PCD, the PRI¢eserves the right to require a gide
qualification hy the manufacturer. The side qualification program depends on the nature of the
change of thelmaterial or the material processing. Baseline'side qualification programs are l|sted
in Table 1.
TABLE 1 - Side Qualification Program
Fiber Fabric Resin Side qualification program®
Replica of Qualified Qualified Full qualification program
qualjfied source except resin tests
New source Qualified Qualified Full qualification program
except resin tests
Qualified New weaver  Qualified Selected composite tests
Qualified Quialified Quialified Selected composite tests
weaver,;
new loom
Qualified Other fabric Qualified Full qualification program
style except resin tests
Quialified Quialified Replica of All resin tests and selected
qualified Composite testsc
source
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 PRI 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 PRI
and/or purchaser.

5.6 Evaluation of Test Data:
Material qualification test data shall be evaluated by PRI:
a. To determine_the material performance to be defined in the IPS

b. To determing if a source meets the requirements of the MS.
c. To determing the batch release requirements.

6. COMPOSITE TE$T METHODS AND SPECIMEN MANUFACTURING:

This section spedifies the composite test methods, specimen manufacturing, fluidimmersion and
aging procedureqd by referring to existing standards and specifying additions and“changes to thgm.
These alterations override the requirements of the referenced standards.

6.1 Specimen Manufacturing and Storage:

6.1.1 Specimen Defjnition: The number of specimens per test condition and the specimen lay-up f@re
specified in AMS 2980/2.

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

a. All specimeps for the same test method, regardless of the test condition, can be cut from

the same panel.
b. Additional r¢quirements for combining specimens in one panel may be specified in

AMS 2980/2.

If this cannot e accomplished the report shall state which specimens were taken from which
panel.

An edge cut a|l around shallbe' made with sufficient width to remove the area with fiber
orientation disfortion and-deviating panel thickness. An edge cut of 20 mm may be sufficient.
is recommendgd that.the-panel’s size is adequate to provide for:

t

a. Spare spec|mens; 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

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

bleeding):

a. Process the panels in accordance with AMS 2980/2 and methods specified in
paragraph 6.7.
b. Measure the panel thickness. The average cured ply thickness shall be within the tolerance

specified i

n MS. lts coefficient of variation shall not exceed 2%.

c. C-scan the panels in accordance with paragraph 6.6.1.

Tabs: The specimen should fail in the gauge length and in the specified failure modes. This
may require the use of tabs. When tabs are used, the material, lay-up and thickness shall be

such that sp

The cure cyq
Use a paste
shall be app

For specime
from moistur
tape.

Specimen M
Machined su
the test meth
specimens.

Specimen S
selected fror

Storage of P
manufacturir
including cor
weight gain
various time,
uptake has n
condition an

Drying of Sp
traveller or s
the moisture
dried at 70 ©

cimen failure occurs in the gauge length and in the specified failure mode

adhesive that cures at room temperature, reference Appendix A. The adhesiv
oved by PRI.

Ns to be aged the adhesive between the tab and the specimen may be protect
p/fluid by sealing exposed glue line edges of the tab with silicone sealant or m

achining: After machining, the fiber orientation shallbeaccurate within £3°.
rface finishes and dimensional tolerances shall beimaintained in accordance
od specification, and the specimens shall be freé-of defects. Do not overheat

blection: Specimens to be tested at a patfticular test condition shall be random
N the panel.

anels and Specimens: Moisture may diffuse into the composite during specim
g and storage. To prevent uncontrolled moisture uptake, the storage procedu
ditions and times, are specified in Tables 2 and 3. The purpose is to limit the

iue to moisture; the moisture content shall be 0.20% (by weight) maximum. If

emperature/humidityslimits cannot be satisfied, it shall be proven that the moi
ot exceeded 0.20%._This limit is applicable to specimens to be tested in the 'D
| specimens which-are to be fluid immersed.

bcimens: Afthere is any doubt about the moisture uptake in the specimens a

C shall not be tested afterwards because the drying procedure may have giver

material a p

le for tab bonding shall be such that the laminate’s properties are not ianuencId.

ed
tal

vith
he

y

es,

he
Sture
RY'-

pare specimen as applicable shall be dried to equilibrium at 70 °C + 3 to determine
conteént.*The weight loss due to moisture shall be less than 0.20%. Specimeng

P

the

st-eure

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 Immersion and Humidity Aging:

6.2.1 Determination of Wet Conditioning Procedures: The initial wet conditioning procedure for
laminates and cured neat resin is immersion in water because humidity aging is expected to

6.2.2 Traveller Sps

6.2.3

give post culfg effects. The screening test program, reference AMS 298072, SPecities DMA |

on both watg
DMA results
qualification

Laminates s
immersion a

Sandwich pa

a. Combinat

be solvent
b. Laminate
c. Sandwich
d. Combinat
e. Each set (

Traveller spe
a. For solid
provided t
b. For sandw
sealed, re

Accuracy of

Selected Flu

r-immersed and humidity-aged neat resin specimens. Based on comparison 9
PRI shall decide which wet conditioning procedure shall be selected forthe
program.

hall be wet conditioned in accordance with paragraph 6.2.4 and EN"2823 for w
nd humidity aging, respectively.

nels shall be conditioned by humidity aging; see paragraph 6.2.5.
cimens: Three traveller specimens shall be used.for‘each of the following:

on of fluid type and laminate thickness to be cenditioned, except for specimen
immersed

hickness to be humidity aged

panel configuration to be humidity aged

on of material batches to be tested

f panels or specimens that essentially follows different route and/or schedule

cimen dimensions:
anels length and widthiboth larger than 25 mm. Spare specimens may be usej
he specimens do nothave tabs.

ich panels length and width 50 mm + 5. Traveller specimen edges shall be
er to paragraph 6.2.5.

veight gainmeasurement: 0.02% (absolute).

ids:Eer assessment of the influence of fluids on the mechanical properties th

lests
f the

ater

[oN

1%

following flui

ISs-shall be used; refer to EN 2379:

Water
Fuel

Solvent

Hydraulic fluid

distilled water

JET A 1, NATO code F-34,
Kerosene - Low freeze point
Laboratory grade
Laboratory grade

. specification not applicable,
: EN 2379 test fuel 1,

: EN 2379 Methyl Ethyl Ketone,
: EN 2379Tri-N-butyl phosphate ester,
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TABLE 2 - Storage Conditions and Times for Laminate Panels and Laminate Specimens

Subsequent Steps
in the
Manufacturing
Process

Specimen Test
Condition": Dry

Specimen Test
Condition™: Solvent
Immersed

Specimen Test
Condition®; Fuel
Immersed

Specimen Test
Condition®:
Hydraulic Fluid
Immersed

Specimen Test
Condition": Wet
(Water Immersed
or Humidity Aged)

Panel, subpanel
and specimen
manufacturing

Specimen storage
Prior to fluid
immersion

Aging or exposure

Storage before
testing

Strain gauge
bonding

Open time in test
cabinet

Record wet lay-up
panel curing date.
Storage at 23 °C +
5 in moisture-proof
bag with desiccant.
Permitted open
time for

Record wet lay-up
panel curing date.
Storage at 23 °C +
5 in moisture-proof
bag with desiccant.
Permitted open
time for

Record wet lay-up
panel curing date.
Storage at 23 °C +
5 in moisture-proof
bag with desiccant.
Permitted open
time for

Record wet lay-up
panel curing date.
Storage at 23 °C +
5 in moisture-proof
bag with desiccant.
Permitted open
time for

Tarufacturig s
14 days at ambient
condition

(typically T<28 °C
and RH <75%).

Storage at 23°C +
5 in moisture proof
bag with desiccant.
Storage time: max
22 weeks after the
panel curing date®.
Requirement:
Specimen moisture
content <0.20%.by
weight®,

Max 4 hours-at
ambient condition

Max 24 hours at

Tarufacturig s
14 days at ambient
condition

(typically T<28 °C
and RH <75%).

Storage at 23 °C +
5 in moisture-proof
bag with desiccant.
Storage time: max
14 weeks after the
panel curing date®.
Requirement:
specimen moisture
content <0.20% by
weight®.

Immersion in

solvent at room
temp

No storage allowed

Max 1 hour at
ambient condition

Max 1 hour at

TTarofacturig s
14 days at ambient
condition

(typically T<28 °C
and RH <75%).

Storage at 23 °C +
5 in moisture-proof
bag with desiccant.
Storage time: max
14 weeks after the
panel curing date¥
Requirement:
specimen moisture
content <0:20% by
weight®,

Immersion in fuel
at\room temp

23°C +5in fuel
bath, max time 8
hours

Max 1 hour at
ambient condition

Max 1 hour at

TTarofacturg s
14 days at ambient
condition

(typically T<28.2C
and RH <75%):

Storage.at 23 °C +
5 in-moisture-proof
bag'with desiccant.
Storage time: max
14 weeks after the
panel curing date®.
Requirement:
specimen moisture
content <0.20% by
weight®.

Immersion in
hydraulic fluid at
elevated temp

23°C+5in
hydraulic fluid
bath, max time 8
hours

Max 1 hour at
ambient condition

Max 1 hour at

2200 L9
[~ =y =

22 00 L9
[~ =y

2200 L9
==y =

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

2 Exceeding the time limit requires measurement of specimen moisture content; refer to 6.1.8.

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

2200 L9
==y =

Record wet lay-up
panel curing date.
Storage at 23 °C +
5 in moisture-proof
bag with desiccant.
Permitted open
time for
manufacturing is
14 days at ambient
condition

(typically T<28 °C
and RH <75%).

Storage at 23 °C +
5 in moisture-proof
bag with desiccant.
Storage time: max
14 weeks after the
panel curing date®.
Requirement:
specimen moisture
content <0.20% by
weight®.

Aging in humidity
chamber or
immersion in water
at elevated temp

Humidity aged: 23
°C £ 5 in wet towel.
Water immersed:
23 °C =5 in water
bath or wet towel.
Max time 8 hours

Max 1 hour at
ambient condition

Max 1 hour at
23°C+2
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TABLE 3 - Storage Conditions and Times for Sandwich Panels and Sandwich Specimens

Subsequent Steps in the Manufacturing

T

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.

Permitted open time for

manufacturing, including
Qpprimpn marhining is14

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

Permitted open time for

manufacturing, including
specimen machining is 14

Panel storage prior to aging

Aging

Specimen macHining

Storage before {esting

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

Storage at 230C +5in
moisture-preof bag with
desiccant.

Permitted open time for
manufacturing, including panel
manufacturing, is 14 days at
ambient condition (typically
T<28 °C and RH <75%).

Storage at 23°C +5in
moisture-proof bag with
desiccant.

Storage time: max 22 weeks
after the panel curing date’.
Requirement: specimen
moisture content €0.20% by

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

=]

Storageati23°C £5
moisture-proof bag wjth
desiceant.
Storage time: max 14 weeks
after the panel curing date’.
Requirement: specimen
moisture content <0.P0% by
weight®.

Humidity chamber atspecified
temperature and hunidity

Storage at 23°C £5
moisture-proof bag wjth
desiccant.
Permitted open time for
manufacturing, including panel
manufacturing, is 14 flays at
ambient condition (typically

T <28 °C and RH <75%).

=]

Storage at 23 °C + 5 rapped
in the wet towel in a rhoisture
proof bag.

Max time 8 hours

Strain gauge bonding

Open time in test cabinet

weight®
S

Max 4 hours at ambient
condition

Max 24 hours at 23 °C + 2

Max 1 hour at ambient
condition

Max 1 hour at 23°C + 2

! Humidity aging procedure is specified in 6.1; aging conditions are specified in AMS 2980/2.
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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6.2.4 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:

a. Use new fluid only.

b. When immersing specimens the fluid shall be at the required temperature.

c¢. During immersion fluid replacement is not required.

d. Determining fluid composition is not required.

e. Visual inspection of specimens is not required.

f. Determinafion of the weight gain: Wipe the traveller specimens with a paper towel or lint
free cloth; fetermine the weight gain immediately after immersion.

6.2.5 Humidity Aging of Sandwich Panels: Age the sandwich panels before cutting into(Specimeps.
Seal the edges of the sandwich panels and the traveller specimens, e.g., with metal foil tape, to
prevent moidture diffusion via the honeycomb core. Perform the humidity aging:in accordarnce
with EN 28238 except the aging conditions and period are specified in Tahle/3-and AMS 2980/2.

6.3 Report on Specimen Manufacturing, Conditioning and Storage:
The specimen|manufacturing report shall refer to this standard and shall permit full traceabili

Any incident which may have affected the quality of the specimen and any deviation from thig
specification shall be reported. The report shall include at least the following:

<

6.3.1 Panel Manufacturing: Report the complete identification of the materials to be tested, including
material marnjufacturer identification, material charagteristics (for fabric e.qg. filament count, fiber
areal weight| weave style), batch number, date offeceipt, material receiving inspection and/or
batch releas¢ report.

All details ajout manufacturing of the panels shall include at least:

b. Individual$ performing the manufacturing

c. Shop temperature and humidity

d. Conditioning of the materials

e. Time tablg for mixing{impregnating and curing

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

g. Curing patameters, including the diagrams and equipment used

h. Cutting prp¢edure/drying

i. C-scan results, settings and equipment used

j- Measured thickness

a. Panel maizufacturing date
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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
dried, report t
6.3.3 Fluid Immersion

a. Type of fluid

of specimen storage and storage conditions. When the specimens have been
he drying procedures and the weight reduction.

. In addition to the requirements in EN 2379 report:

b. Fluid tempera
c. Immersion p¢g
d. Type of contd
e. Dimensions @

6.3.4 Humidity Aging:
6.4 Test Procedure fo

6.4.1 Temperature C}
specimen, shall
temperature wit
PRI. The tempeg
ASTM E 4, accy

Usually the tem
a. Controlled byj

b. Monitored by
exposure to t

6.4.2 Testing at Elevajed Temperatures: Before starting testing, the temperature chamber and the

test fixture shall

Each specimen
heat-up time of

the specimen h
on the specime

tore

riod (including dates)

iner

f traveller specimens and the weight gain after immersion

Report the weight gain versus aging time.
Testing at Nonambient Conditions:
amber: The temperature chamber, in combination with the test fixture and the
be such that the gauge length of the specimen is at the required test

nin the time specified below. The temperature chamber shall be approved by
Fature measurement equipment shall be calibrated in accordance with

racy 1 °C.

perature is:

one thermocouple measuring the air temperature in the chamber

one thermocouple in the gaugellength on the specimen, sealed from direct
ne air.

be pre-heated.

mounted in theitest fixture shall be heated to the required test temperature. TH
he specimen.shall not exceed 5 minutes. The test shall start 2+$ minutes after

s reached the test temperature. During the test, the temperature, as measure
, shall.be the test temperature 2 °C.
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6.4.2 (Continued):

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
content prior

6.4.3 Testing at Sy
test fixture s

Each specin
test shall sta

test, the tem

6.5 Additions and (

All tests requir

Methods speci
AMS 2980/1.

If two or more
method from tH

a. All requirem
AMS 2980/1
methods.

b. Changes an
alternate tes

c. Requiremen

chamber and simulate that temperature cycle. Report the measured moisture
to and after testing.

nall be pre-cooled.

en mounted in the test fixture shall be cooled to the required test tempeérature
't 5+z minutes after the specimen has reached the test temperature.’ During thg

berature, as measured on the specimen, shall be the test tempefature +2 °C.
Changes to Standard Test Methods:

bd for qualification shall be performed in accordance with the Standard Test
fied in AMS 2980/1 and AMS 2980/2 including any,changes or additions defing
hlternate test methods are specified for a.test the qualifier shall select a test
ose specified.

ents of the selected test method including changes or additions as specified in
are mandatory. It is not permissible to mix requirements of the alternate test
d additions specified in"AMS 2980/1 for each test type are mandatory for all

t methods for that test\type unless a specific exception has been specified.

ts of the Material Specification are valid for all test methods unless a specific

exception has been defined.

The IPSofaq
qualification te

Lalified“material combination will define the test methods which were used for
sting.and those to be used for batch release testing of the qualified material.

The

ed in
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6.5.1 General:

6.5.1.1 Unit to be Used: The test results shall be reported in both SI and imperial units. The following
units shall be used respectively:

Strains : gHmm/mm pinch/inch
Stresses : MPa psi
Moduli : GPa ksi
Dimensions :mm inch

6.5.1.2 Test Equipment: All equipment shall be calibrated. Alignment of equipment shall be verified
with suitabfemethods prior 10 1e3t5 1iKe back 10 back Strailt measurement on aumimy
specimen.

6.5.1.3 Measuremént Equipment: Micrometers for thickness measurements shall have ball/ball
interfaces pr at least a ball interface on the side to measure rough surfaces (nontool side).

Vernier calliper or equivalent shall be used.

6.5.1.4 Strain Measurement: Strain measurement shall be accurate to within 1 % of the measured
value at bath the specified strain level and at the failure strain. JEither strain gauge(s) or
extensomgter(s) may be used. Report strain gauge type and.lehgth or extensometer gauge
length.

6.5.1.5 Failure Mode: Each test has (a) specific failure mode(s): Every specimen should have fgiled
in the spedified failure mode(s). Actual test failure modes shall be reported.

The test data of specimen that did not fail in one‘of the specified failure modes shall be
submitted [o PRI for review.

6.5.1.6 Test Procgdure: Prior to testing, fluid-immersed specimens shall be wiped with a paper towel
or lint free [cloth.

Unless otherwise indicated inthe-changes and additions applicable to the specific test
method:

a. Numberof specimefs.-to be tested per test condition is defined in AMS 2980/2.
b. The nominal laminate thickness shall be used in calculations of stress, strength, and

modulug. Thewrominal laminate thickness is the number of plies times the nominal plyj
thicknedst~The nominal ply thickness is specified in the MS.

c. Fibre volume measurements are not required.

d. Use the measured specimen width determined in accordance with the procedure defined
in the actual test method in calculations where this measurement is required.
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6.5.1.6 (Continued):
e. Report failure loads and actual specimen dimensions.

f. Modulus determinations shall be performed according to the secant method of the
relevant stress-strain curve.

6.5.1.7 Application of Test Results: Application of test results is the responsibility of the user.
6.5.2 Tensile Weft: Reference specifications: EN 2561-C or ASTM D 3039/ASTM D 3039M.

6.5.2.1 Specific Additions and Changes:

. Laminaje lay-up: see AMS 2980/2

. Overall|specimen length: 250 mm £ 3

. Specimen width: 25 mm £ 0.25 measured on three locations along the gaugeZength
Gauge |ength: =125 mm

. Side toside parallelism: 0.08 mm

Face tolface parallelism: 0.08 mm

. The usg¢ of tabs shall be optional, to be agreed between the parties-involved in the

| qualification. Tab definition: EN 2561-A or ASTM D"3039/ASTM D 3039M
reference points: 1000 and 3000 pmm/mm

Failure ptrain shall be measured

. Poissor]’s ratio shall be determined if specified in AMS 2980/2

ifigd failure modes: Tension failure within the gadge length lateral or angle direction

TS @0 o0TE

x
wn

°©
@
o
=

6.5.3 Compressivg Weft: Reference specification: EN 2850-B.
6.5.3.1 Specific Additions and Changes:

a. Laminage lay-up: See AMS 2980/2

b. Gauge |ength: 12.5 mm £ 0.2

c. To verify alignment and specimen load response back to back strain gauge
measurements shall be obtained on the first specimen for each test condition

d. Modulug reference points: 4000 and 3000 pmm/mm

e. Test fixjure use: First torgue all bolts sequentially to a low torque, then increase
sequentially to the specified torque

f. Specifiefd failure modes: Compression failure within the gauge length including throug
thicknegs shear-brooming, transverse shear or splitting

=
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6.5.4 Tensile In-Plane Shear (+45°): Reference specifications: EN 6031 or ASTM D 3518/3518M.
6.5.4.1 Specific Additions and Changes:

a. Laminate lay-up: See AMS 2980/2
b. Overall specimen length: 230 mm £ 1
c. Specimen width: 25 mm £ 0.25 measured on three locations along the gauge length
d. Thickness tolerance: +0.2 mm
e. Side to side parallelism: 0.08 mm
f. Face to face parallelism: 0.08 mm
g. Cross head speed: 2.0 mm/min or 0.1 inch/min
h. Stress of pachspecimenshattbedetermined—=at:
(1) 0.2% offset shear strain
(2) 5% shgar strain
(3) ultimate
i. Modulus re¢ference points: 2000 and 6000 shear strain
j- All stresses and moduli shall be calculated and reported with both the average’ measured
laminate tiickness and the nominal laminate thickness
k. Specified [failure mode: No tension or shear failure before defined strain levels. Ultimat
shall fail Within the gauge length.

\1%

6.5.5 DMA Composite: Reference specifications: EN 6032-A or ASTM E<1640.
6.5.5.1 Specific Add|tions and Changes:

a. Laminate [lay-up: See AMS 2980/2

b. Specimer] length and width: According to requirements of the test equipment

c. Start temperature: Room temperature

d. Loading mode: To be reported

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

f. Heating rate: 5.0°C +£0.2

g. Purge gas and flow rate: To be reported

h. Transducgers and controllers:~T6 be reported

i. Individual fesults of each spécimen to be reported

j- Test data:| Storage modulus at 23 °C, 80 °C and 120 °C, no Tg, etc.

k. Reported |[data: Percentage of change in storage modulus at 80 °C and 120 °C comparegd
to that at 3 °C

l. Plot scale presentation: Linear and log scale
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6.5.6 Tensile Ql: Reference specifications: EN 6035-A or ASTM D 3039/ASTM D 3039M.

6.5.6.1 Specific Additions and Changes:

. Specime

. Specime
.Sidetos

. Laminate lay-up: See AMS 2980/2

n EN 6035-A: According to Figure 1 of EN 6035-A without hole

. Gauge length: 180 mm minimum

n width: 38.1 mm 0.1
ide parallelism: 0.08 mm

Face to face parallelism: 0.08 mm
. The use of tabs shall be optional, to be agreed between parties involved in an actual
qualification

Measurg
Modulug

x> QT 0 Qo0 TD

6.5.7 Tensile QI Open-Hole: Reference specifications: EN 6035-A or ASTM D 5766/D 5766M.

6.5.7.1 Specific A

a. Lamina

. Cross hfad speed: Z mm/min or U.05 iInch/min

and report Young's modulus and failure strain
reference points: 1000 and 3000 pmm/mm

. Specifief failure mode: Any tension failure within the gauge length

ditions and Changes:

lay-up: See AMS 2980/2

b. Gauge length: 180 mm minimum

c. Specimgn width: 38.1 mm £ 0.1

d. Hole digmeter: 6.35 mm +0.09/-0

e. Hole centerline tolerance: +0.1 mm

f. Hole migrometer: Type as required with an accuracy of £0.025 mm

g. Cross h
h. Report
i. Specifie

6.5.8 Compressiv
6.5.8.1 Specific A
a. Lamina
b. Specim

c. Cross h
d. Modulu

ad speed: 2 mm/min or 0.05 inch/min
ilure stress and width to hole diameter ratio (w/d)
failure mode: Any tension failure.through the hole

Ql: Reference specification:»*SACMA SRM 3 issue 1994.
ditions and Changes:

lay-up: See AMS) 2980/2
n: Without circular hole

ad speed; <Imim/min or 0.05 inch/min
reference_points: 1000 and 3000 pmm/mm

e. Failure $trainZTo be reported

f. Specified failuré modes: Compression failure within the gauge length including throug

thickneds*shear, brooming or transverse shear

=
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6.5.9 Compressive QI Open-Hole: Reference specification: SACMA SRM 3 issue 1994.

6.5.9.1 Specific Additions and Changes:

a. Laminate lay-up: See AMS 2980/2

b. Specimen hole diameter: 6.35 mm +0.09/-0

c. Measurements: Hole diameter and specimen width at the location of the hole
d. Cross head speed: 1 mm/min or 0.05 inch/min

e. Failure stress: To be reported only, no modulus

f. Specified failure mode: Any compression failure through the hole

6.5.10 Bearing Ql: Reference-specification—EN-6037-A-

6.5.10.1 Specific Addi
a.
6.5.11 Compression A

6.5.11.1 Specific Addi

d
e
f.
g
h

a. Laminate 13
b.
C.

. Energy levg
. Impact indg

. Post impac

. Cross head

Laminate |3

Impactor ro
Number of
accordancH

Visible dam

ions and Changes:

y-up: See AMS 2980/2

fter Impact: Reference specification: EN 6038.
ions and Changes:

y-up: See AMS 2980/2
ughness: Ra <0.8 pm
mpact energy levels to be tested in compression: “3 levels determined in
with paragraph 6.5.11.2
| tolerance: +10%
ntation depths of all specimens to be.determined and reported
ages shall be recorded on both sides\of the specimens
NDI inspection: Similar to pre impact inspection on at least one

representative specimen of each impact level determined for compression testing

speed: 1 mm/min

i. Strain gaugés shall be applied to both'sides of the specimen and coupled to the

recorder su
j- Specified fa
impacted ar

h that panel buckling ean-be detected
lure mode: Compression failure including at least a portion of the
ba
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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.qg., fiber splitting) due to repeated impacts, a second specimen
shall be used to confirm the indentation depth.

Test procedure: Preselected levels of impact are specified in the referenced test method.
Impact the gpecimen with Towest preselected level. Measure the indentation deptn. It the
depth is smaller than 0.3 mm, impact this specimen on another location, with the next
higher impagt level. Repeat this procedure until an indentation depth of 20.3 mm is found.
The last impact level tested is defined as the 0.3 mm impact energy level.

From above|test procedure, three impact energy levels shall be determined fer-compressign
testing:

1. The impaft energy that gives 0.3 mm indentation

2. One level[below the 0.3 mm impact energy level

3. Two levels above the 0.3 mm impact energy level
If this levgl exceeds the preselected impact levels specified in the referenced test
method, BRI will define the upper impact energy level

6.5.12 Flatwise Tengile: Reference specifications: EN 6062:0r ASTM C 297.
6.5.12.1 Specific Additions and Changes:

a. Laminate [lay-up: See AMS 2980/2. 0°-direction parallel to ribbon direction of the
honeyconpb

b. Geometry: Square 50 x 50 mm * 0.5-for specimen and facing blocks

c. Specimer| manufacturing: According to paragraph 6.7.8 using Aramid paper based
phenolic Ioneycomb referenced in AMS 2980/2

d. Facing blpck material: Al 2024-T351, 25 mm thick

e. Bonding gf aluminum facing blocks: See paragraph 6.5.12.2

f. Specified|failure mode:;~Bondline of the repair skin to the honeycomb
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6.5.12.2 Bonding of Aluminum Facing Blocks: The cure cycle shall be such that the laminate
properties are not altered. Curing of blocks on specimens which have been aged shall be
done in a humidity chamber at 70 °C + 2 and 85% RH + 3. The selected adhesive shall be
approved by PRI, see Appendix A for suggested material.

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

a. Laminate lay-up: See AMS 2980/2

b. Load span: 100 mm

C. Support spar—560-mm—=1

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

e. Support cylinders: Diameter 30 mm, circular within 1 % of diameter and straight within
0.5% of the length

f. Specimeh manufacturing: According to paragraph 6.7.8

g. Specimgn width: 75.0 mm +0.1

h. Specimgn length: 610 mm +1

i. Specimen position for testing: Wet lay-up skin in compression

j- Specified failure mode: Compression failure of the wet lay-up skin‘or debonding of the
honeycomb core and the wet lay-up skin in the area inside of‘the loading span

k. Deflectign: No measurement required

6.5.14 Tensile Tapgred Joint: Reference specification: EN 6066
6.5.14.1 Specific Aflditions and Changes:
a. Laminat¢ lay-up: See AMS 2980/2
b. Laminat¢ manufacturing: See paragraph 6.7.9 or 6.7.10 as applicable
c. Joint lenpth: 80 mm
6.5.15 Tensile Stegped Joint: Reference specification: EN 6066.
6.5.15.1 Specific Aflditions and Changes:
a. Laminat¢ lay-up: See AMS 2980/2
b. Laminat¢ manufacturing: See paragraph 6.7.9

c. Joint lenpth: 75smm

6.6 Determination ¢faminate Quality:

6.6.1 C-Scan: The panel quality and its suitability for mechanical 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.
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6.6.1.1 Laminate Panels: For laminate panels the inspection shall be suitable to:
a. detect delaminations
b. determine the homogeneity of the panel with respect to porosity
c. 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 PRI.

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

a. detect delaminations
b. detect cpre skin disbonds

Acceptancg and rejection criteria will be determined by PRI.
6.6.1.3 Procedure| Inspection equipment, procedures, equipment settings and the gualification ¢f the
scan-operator shall be agreed upon between the manufacture and PRI. Example methods
and equipthent 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
Beam width at -6 dB 1 mm maximum

Distance between transducers 2 times focal distance

Example method for inspection of sandwich, ganels:

Method water.jet through transmission
Frequency 1 MHz
Squirter dipmeter 6 mm

Distance between transducers as small as possible

Example for scan parameters:

Scan parameters step size in both scan and index direction 1 mm
Distances product is placed in the center between the transducers
Instrument damping (serial in transmitter) 50 ohm

frequency range on broad band
System computerized-systemwith-digital-dataaequisition-and-post

processing capabilities;
system linearity +2% 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.

O T

> Q "0 Q

6.7 Specimen Mandifacturing:
6.7.1 General:

Personnel - Qnly sufficiently trained and.competent personnel shall perform the laminating,
curing and machining work.

. Perform iﬂlagc ot |aiybi>.
. Use eithef microscope or SEM connected to an image analyzer. The report shall

. Magnify the image to 50 X.
. Use the computer to obtain an image of the part, or section being analyzed,Digitize the

. Determing critical grey level; darker levels are porosity, lighter are not-
. Mark porgsity.

. The image readings shall cover the entire area of laminate coupons, or of the skins of
. Use 20 repdings of each specimen.

i. Tight scattpr indicates a uniform panel. Wide scatter indiCates variable porosity in the
panel and jadditional image analysis should be performed (on more specimens).

Obtain five specimens from different areas of the panel. Specimens should be
approximately 50 mm (2 inches) long.

. Polish to zero scratches. The polishing step is critical. Any surface scratches will adversely

affect the porosity reading. Do not contaminate the surface to be polished with mounting
compound.

indicate the equipment used.

image intg shades of grey.

Ratio the percent porosity to total area of the image.

sandwich|coupons.

Health and safety - This standard-does not provide any directions necessary to meet healthjand
safety requirgments. It is thetresponsibility of the user of this standard to consult and establish

appropriate health and safety precautions in accordance with relevant local laws.
Shop conditigns - Unless otherwise specified, the conditions of the laminating shop shall be

Temperature : 1510 30°C
Relative Humidity———36t075%
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6.7.2 Equipment: Balance with an accuracy of 0.01 gram.

6.7.3

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

Accuracy: Temperature +2%.

Vacuum

+15%.

Equipment for sawing or machining shall be capable of achieving the dimensional tolerances
defined for the specimens.

The machinipg

ceed

na-snead chall ha csiich that tha laocal tamnaratiira of tha cnaciman chall nat aw
SPeea-Star-Pe-StHerthiartie10cattehpetattt —He-SpecHhReR-StanHet+ex

60 °C during

The process
the cutting tqg
additives, sh

Iron, heat gu
35 °C maxim

Air circulatin
necessary rg
vacuum app

composite panels is never used for processes which might€ause contamination, e.g., dryir

release ager

The laminatq

Commercially available welded thermocouples may be used.

the cutting operation.

may be performed in dry or wet condition. Wet condition is recommended to Igwer
mperature and to avoid carbon dust. To cool the specimen, water without
all be used.

N, or heat table with adjustable temperature to control the laminate temperature to
um may be used to assist the squeeze-out operation.

j oven shall be of suitable size to maintain temperature ‘and heat-up rate in the
nges in accordance with material requirements. The oven shall allow continuous
ication during cure. Care shall be taken to ensurethat the oven used to cure
g of
ts. The use of other heat sources shall be approved by PRI.

temperature shall be measured with thermocouples.

Vacuum pu
under the b

Essential Expendable Materials;-Ih general all essential expendable materials shall be test
before first use. They shall fulfilt the following requirements:

a. No contal

b. Resistant fo the upcured resin components (solvents, etc.)

c. No outga

d. No water ahsorption during storage.

p of suitable capacity and.performance to maintain a constant vacuum pressu
of 75 kPa minimum during the entire curing process shall be used.

ed

ination of the laminate

ing_at elevated temperatures
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6.7.3 (Continued):
The following material shall be used:

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

b. Woven glass fiber fabrics, US - 120 style with an areal weight of 100 g/mz. This glass fabric
shall be used as bleeder material for vertical bleeding. It can also be used as breather
material.

c. Spatula to|blend the resin and curing agent. Recommended material: wood.

d. Standard ponperforated release films like polyvinyl fluoride (PVF) or polytetrafluoraethyleéne
(PTFE).

The parting film shall be used as foil on the tool plate and as a separation {oil between
bleeder and breather in the vertical bleeding process.

NOTE: The use of colored film helps to minimize the risk of not removing the film during| ply
lay-up.

e. Standard perforated parting film like polyvinylfluoride (PVE).or polytetrafluoroethylene
(PTFE) with hole diameters of approximately 2 mm and &% perforation. The perforated film
is used in the bagging procedure for vertical bleeding<process.

f. Polyamide|fiber fabric peel ply with an areal weight'of 60 g/mz. Requirements:

(1) No impregnation with any release agent or-other agent detrimental to bonding is
allowed,

(2) For squeeze out the peel ply is used;for detection of remaining entrapped air. No
specific absorbing capacity is required for this purpose.

g. Standard felease agent of thé nonsilicone type.
6.7.4 Other Expendable Materials:

a. Suitable aghesive tape capable of locating the release film or expendable fabrics on the ool
plates durlng thé.entire curing process

b. Standard gluminum gauze used in the autoclave

c. Standard preather material, such as airweave

d. Covering foil used during impregnation. Standard polyethylene or vacuum bag foil is
recommended.

e. Cutting device such as sharp scissors to cut the dry fabrics. When cutting the carbon or
glass fabrics the scissors will get dull rapidly. It can be easily sharpened by grinding with
abrasive paper of grade > 300.

f. When cutting impregnated layers use a sharp knife or scissors.
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6.7.4 (Continued):

. Spatula for

. The sealing tape shall be standard temperature resistant material used in the autoclave.
. Standard metallic smoothing trowel to distribute the resin during ply impregnation

squeezing out resin in ply impregnation and laminate squeeze-out

Recommended material: PTFE or polyamide

Standard heat-resistant vacuum bag foil as used in the autoclave
. Ventilation channel used to make a vacuum path around the laminate during the cure

process. Standard commercially available rope may be used: sisal or polyamide,

5t0 10 mm

6.7.5 Preparation g

diameter.

6.7.5.1 Preparation
Laminate:

a. Cut a piecd
paragraph

b. When using the squeeze-out method, cut a piece of peel ply; size approximately 20 mm

bigger than
c. Cut a piecq
impregnatiq

Impregnation
enough to imp

the parting film wrinkle-free on the impregnation table;

Epoxy Resi

a. Resin an

b. Weigh th
method)

c. Amount ¢

fabric and the peel ply.

The target f
6.7.5.2 Impregnatio

a. Weigh th

@

of carbon fabric, large enough to obtain all plies required for the\panel. See
5.1.2 for panel size.

the panel.
of covering foil, further called top covering foil. This‘will'be used during
n. Draw the outline of each individual ply of the laminate onto it.

[Table: Cut a piece of covering foil (further called bottom covering foil) large
regnate the fabric and peel ply (only required for squeeze-out method). Tape
N System:

I curing agent shall be at ambient temperature before opening the containers.
b total amount of carbon fabric and the peel ply (only required for squeeze-out

0 be impregnated.
f resin mixture requiréd is approximately 1.2 times the weight of the carbon

ber contentafithe final laminate is 55 i’)% fiber volume.

=

b required quantities of the resin system components using the balance. Use t

mixing ral

see paragraph 4.2.3.1.

b. Mix both

components using the spatula according to the agreed mixing instructions; see

paragraph 5.3. Mixing is complete when the resin mix shows uniform color and viscosity
throughout its total volume.
c. Record the time for control of residual pot life.

1o0Snacifiadin AMS 2020/2 \vwhich ic hacad an tha aaraad naminal hlandina raty
1o-SpecHHe oo ooWHHEHHSBaSe a0 tReagreeaRoaraeReiRg+=
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