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1. SCOPE:

AMS 3970/1 g|ves information about the technical requirements and qualification procedure for carbon
fiber fabric epaxy prepreg used for repair of-earbon fiber reinforced epoxy structures. |The prepreg
system may ingclude a film adhesive to/beapplied in a co-curing process with the prepreg for joint and
sandwich bondging. The need for a film adhesive shall be established during screening tests.

2. REFERENCES:
The following publications;form a part of this specification to the extent specified herein. The latest

issue of the SAE publications shall apply. The applicable issue of other publications shall be the issue
in effect on thq date-0f the purchase order unless otherwise specified.

2.1 SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001

AMS 3970 Carbon Fiber Fabric Repair Prepreg, 125 °C (250 °F) Vacuum Curing — Part O -
Introduction

AMS 3970/2 Carbon Fiber Fabric Repair Prepreg, 125 °C (250 °F) Vacuum Curing - Part 2 -
Qualification Program for Fiber, Fabric, Resin and Film Adhesive

AIR 4844 Composite and Metal Bonding Glossary

ARP4916 Masking and Cleaning of Epoxy and Polyester Matrix Thermosetting Composite
Materials
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2.2

2.3

ASTM Publications:

Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959

ASTM C 297

ASTM C 393

Standard Test Method for Flatwise Tensile Strength of Sandwich
Constructions.
Standard Test Method for Flexural Properties of Sandwich Constructions.

ASTM D 1042

Standard-Testivtethod-for Apparent-Strengthrof Smgte=tap-Joint
Adhesively Bonded Metal Specimens by Tension Loading|(Metal-to-
Metal).

ASTM D 3039/D 3039M Standard Test Method for Tensile Properties of Rolymer Matrix Composite

Materials.

ASTM D 3518/D 3518M Standard Practice for In-Plane Shear Response of Polymér Matrix

ASTM D 3532
ASTM D 3990
ASTM D 4440

Composite Materials by Tensile Test of a +.45° Laminate.
Standard Test Method for Gel Time of«Carbon Fiber-Epoxy Prepreg.
Standard Terminology Relating to Fabric Defects.
Standard Practice for Rheological Measurement of Polymgr Melts using
Dynamic Mechanical Procedures:.

ASTM D 5746/D 5766M Standard Test Method for Open Hole Tensile Strength of Holymer Matrix

ASTME 4
ASTM E 1232
ASTM E 1640

EN Publicatipns:

Composite Laminates.
Standard Practices forJorce Verification of Testing Machines.

Standard Practice forn,General Techniques for Qualitative Ipfrared Analysis.
Standard Test Method for Assignment of the Glass Transition Temperature
By Dynamic Megehanical Analysis

Available from CEN-comite, Europeen de Normalisation, Secretatiat Central, Rue d¢ Stassart 36, B-

1050 Bruxelles, Belgium

EN 2243-6

EN 2243-7

Aergspace Series: Structural Adhesives Test Methods. Part 6: Detgrmination of
shear stress and shear strain
Aerospace Series: Structural Adhesives Test Methods. Part 7: Detgrmination of the
flow characteristics of a film adhesive

EN 2379
EN 2489

EN 2557

EN 2558

EN 2559

EN 2560

Aerospace Series: Test fluids for non metallic materials

Aerospace Series: Fiber reinforced plastics - Determination of the Action of Liquid
Chemicals

Aerospace Series: Carbon fibre preimpregnates, Test method for the determination
of mass per unit area

Aerospace Series: Carbon fibre preimpregnates, Test method for the determination
of the percentage of volatile matter

Aerospace Series: Carbon fibre preimpregnates, Test method for the determination
of the resin and fibre content and the mass of fibre per unit area

Aerospace Series: Carbon fibre preimpregnates, Test method for the determination
of the resin flow
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2.3 (Continued):

EN 2561

EN 2564

EN 2565

EN 2823

EN 2850

EN 3003

EN 3615

EN 6031

EN 6032
EN 6033

EN 6034

EN 6035

EN 6037
EN 6038

EN 6040
EN 6041
EN 6042
EN 6043
EN 6060
EN 6061
EN 6062
EN 6064

EN 6066

Aerospace Series: Unidirectional laminates - Carbon thermosetting resin, Tensile

test parallel to the fiber direction

Aerospace Series: Carbon fiber laminates - Test method for the determination of the

fiber and resin fraction and porosity content

Aerospace Series: Preparation of carbon fiber reinforced resin panels for test

purposes

Aerospace SeresFiberremforcedptastic; Testmethod-forthedets
effect of exposure to humid atmospheres on physical and mechani
characteristics

Aerospace Series: Fiber reinforced plastics, Testing unidireetional |
woven fabric laminates - Compression test

Aerospace Series: Test method - Determination of mass per unit ar|
adhesives

Aerospace Series: Fiber reinforced plastics, Prgecedure for the dete
conditions of exposure to humid atmospherefand the determination
absorption

Aerospace Series: Fiber reinforced plastic; Determination of in-plar
properties (+45° Tensile test)

Aerospace Series: Determination of.glass transition temperature (O
Aerospace Series: Carbon fiberreinforced plastics, Determination ¢
interlaminar fracture toughness-energy - Mode | - G1c Test
Aerospace Series: Carbon fiber reinforced plastics, Determination ¢
interlaminar fracture toughness energy - Mode Il - G2c Test
Aerospace Series: Fiber reinforced plastics, Determination of notch
unnotched tensile strength

Aerospace Series: Fiber reinforced plastics, Determination of beari
Aerospace Series: Fiber reinforced plastic, Determination of compr
after impact

Aerospace Series: Analysis of non-metallic materials (uncured) by
perfarmance liquid chromatography (HPLC)

Aerospace Series: Analysis of non-metallic materials (uncured) by
scanning calorimetry (DSC)

rmination of the
cal

aminates and
ea of film

rmination of the
of moisture

e shear

MA).
f the

f the
ed and

g strength
Pssion strength

high

Hifferential

Aerospace Series: Analysis of organic compounds by infrared spea

troscopy

Aerospace Series: Fiber reinforced plastics, Determination of gel time and viscosity

Aerospace Series: Fiber reinforced plastics, Tensile lap shear test

Aerospace Series: Fiber reinforced plastics, Sandwich flexural test
Aerospace Series: Fiber reinforced plastics, Flatwise tensile test of
sandwich panel

4 point bending
composite

Aerospace Series: Analysis of non-metallic materials (cured) for the determination

of the extent of cure by DSC

Aerospace Series: Fiber reinforced plastics, Determination of stepped and tapered

joint strength
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2.4

2.5

3. DEFINITIONS

3.1

3.2

ISO Publications:

Available from ISO, Central Secretariat, 1 Rue de Varembe, Case Postale 56, CH-1211 Geneve 20,
Switzerland

ISO 472 Plastics — Vocabulary
ISO 1183 Density and Relative Density of Non-Cellular Plastics
ISO 1890 CarbonFiber=Determinatiomof Twist

ISO 10119 Carbon Fiber - Determination of Density

ISO 10120 Carbon Fiber - Determination of Linear Density
ISO 10548 | Carbon Fiber - Determination of Size Content
ISO 10618 | Carbon Fiber - Determination of Tensile Properties by Resinimpregngted Yarn
Specimens

SACMA Publlications:

Available from Suppliers of Advanced Composite Materials. Association, 1600 Wilsoh Boulevard,
Suite 1008, Arlington, VA 22209

SACMA 3 Open Hole Compression Properties 6fOriented Fiber-Resin Composijtes, Issue 1994,

General:

For the purppse of this specification, the definitions in ISO 472 apply with the following additions or
modificationg. For further definitions or explanations of terms, refer to AIR 4844.

Specific for Carbon Fiber Rrepreg and Film Adhesive:

FILM ADHES$IVE: Semi finished product of specified areal weight produced from theymosetting resin
in an uncuref state“of certain advancement, ready to be applied in bondlines for co-curing with a
prepreg. A guitable carrier material (fabric or scrim) shall be incorporated into the film adhesive to
improve hangleability and to define minimum bondline thickness.

FILM ADHESIVE BATCH: A film adhesive batch is produced in one continuous manufacturing
operation that conforms to a fixed manufacturing process in accordance with the process control
document (PCD) using one batch of resin and suitable carrier with traceability to the individual
batches of resin and carrier used. A continuous manufacturing operation is defined as one in which
the process is not interrupted for more than 72 continuous hours, during which time the materials
shall be stored according to the certified production procedure. Any interruption shall not contain a
different product run. The total production time, interruptions included, shall not exceed five days
unless otherwise stated in the relevant Individual Production Sheet (IPS).

ADHESIVE ROLL: Adhesive material including suitable protection foil(s) according to the PCD
contained on one support tube.
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3.2 (Continued):

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 from 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 RO
one single m

MASTER R(
operation fro

PREPREG:
thermosettin
by heat and

PREPREG S
manufacture
sandwich bo
Prepreg Sys
adhesive for

PREPREG H
operation us
individual b
supplied by
process is n
be stored ac

L L: Woven fabric contained on one support tube. The fabric on a roll she
aster roll of woven fabric.

DLL OF WOVEN FABRIC: Woven fabric material that is manufactured in
m which several smaller fabric rolls are taken.

Semi finished product of woven fabric material impregnated with a spec
j resin in an uncured state of certain advancement ready for lamination
vacuum pressure only.

bYSTEM: Prepreg material produced under a specific trade name by a
. In most cases a film adhesive is requited for use with the prepreg for ¢
hding. The prepreg material and associated co-curing film adhesive are
lem. It shall be responsibility of the*prepreg manufacturer to select the
the system.

ATCH: A batch of preimpregnated fabric is produced in one continuous
ng one batch of resin and one or several batches of dry fabric, with trag
ches of fabric used:.TFhese batches shall be constituted from the same
he same weaver.\A/continuous manufacturing operation is defined as 0
pt interrupted for-more than 72 continuous hours, during which time the
cording to the-certified production procedure. Any interruption shall not

different progluct run, (The total production time, interruptions included, shall not exce
unless otherise stated in the relevant IPS.

|l originate from

one continuous

ified amount of
and to be cured

prepreg
o-cure joint and
defined as the
appropriate film

manufacturing
eability to the
type of fabric,
ne in which the
materials shall
contain a
bed five days

the PCD

PREPREG ROLL: Prepreg material including suitable protection foil(s) according to

contained on one support tube.

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.

REPLICA: Production of a defined material of an original source on another production line and/or

different site

using the same raw materials and processes as the original source.
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3.2 (Continued):

4.1

41.1

RESIN BATCH: A quantity of homogeneous resin prepared in one operation with traceability to
individual component batches as described in the PCD of the prepreg and adhesive manufacturer
used to manufacture prepreg or film adhesive in accordance with the defined process. A resin batch
may contain up to 15% of another approved and within shelf-life resin batch of the same resin type,
blended uniformly with the major resin batch. Full traceability shall be maintained for all raw material

constituents.

The blended resin batch shall have a single new batch number.

SIZING: An

during weaving.

WOVEN FABRIC: Fiber yarns woven into a fabric of any two-dimensionaliweave pg
weft tracer fipers of another material may be incorporated into the fabyic.

Woven Fabr

accordance with the PCD. The production run of the batch shall be a continuous opsg
not be interriipted by a run of a different material.

organic coating. It is applied during fiber manufacture to improve handi

c Batch: A quantity of fabric of a certain weaving style produced on a g

ng properties

ttern. Warp and

ertain loom in
pration and shall

YARN: A bundle of fibers usually twisted and suitable for making fabric.
4. REQUIREMENTS:

General Redquirements:
Process Cpntrol Document: Prior te-manufacturing the first qualification fiber, fabri¢, resin, prepreg
or film adhgsive batch, the manufacturer shall have established the PCD. The PCD shall be
presented [o PRI upon request.\.The PRI shall treat any information contained in the PCD as
confidentig|.
Changes tp the PCD .of & qualified material are subject to the written approval of the PRI. Such
changes may requife)a side qualification program. The batch release test report fqr the first
delivery made after-any change to the PCD shall contain a reference to the changg.
Traceability."Each individual material shall be identifiable at all stages of manufactiire and delivery.

41.2

4.1.3

The material manufacturer shall present evidence of the material traceability upon request.

Health and Safety Requirements: The delivered prepreg and adhesive 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 prepreg and film adhesive 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 about the safe handling procedures of the material.
The resin system formulation of the prepreg and film adhesive given to the PRI during qualification
shall also be inspected for health and safety requirements.

-7-
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4.1.4 Manufacturer’s Responsibility: The manufacturer is responsible for the development and
manufacture of any material submitted in accordance with this TS. Quality control by the
manufacturer shall be in accordance with this TS. The material manufacturer commits himself to

supply the

qualified material for a minimum of 10 years.

Adjustment of manufacturing techniques and/or procedures to the state of the art technology is the
manufacturer’s responsibility and may require requalification to this specification.

4.1.5 Quality As

equivalent
4.2 Technical Rg
4.2.1 Technical R
4.2.1.1 Fiber: Th
qualified

assembli
the fiber

L £ - Lo - 1 1L (l (l N
puUTAllCe. TIIU Iiararacturci !D qudlity SysStelil stialt b€ approveu as Uctilic

quirements:
Requirements for Carbon Fibers:
e carbon fiber used to weave the fabric according to,AMS 3970/1 shall

in prepreg form for one of the epoxy prepreg spetifications used to ma
es for a commercial aircraft by an OEM. For this qualification program rg

gualification program. The original qualification test’data shall be used for evaluz

properti
42.1.2

qualifica
4.2.1.3 Fiber Sp

kilogram
4.2.2 Technical
4.2.2.1 Woven H

used to
qualified

s not required provided that the specified tests have been performed in

. The carbon fiber yarn shall meet the ‘requirements of the MS.

on the size type and contept:shall be defined in the IPS.

ices: The fiber yarn on each bobbin shall contain no more than seven g
of yarn.

Requirements«or-Fabric:
abric: The fabric shall be woven from fiber qualified in accordance with

veave fabrics for the repair prepreg shall also be in use for weaving fab
in a;prepreg form used to manufacture assemblies for a commercial airg

d in ISO 9000 or

be a material
hufacture
b-qualification of
the original
ition of the

Pretreatment and Sizing: The PCD shall specify appropriate control of fiber pretjeatment and
sizing chemistry. The sizing when applied shall meet the requirements of the MS

. After

plices per

4.2.1. Looms

ics that are
raft by an OEM.

No more

than three fiber batches shall be used in the warp direction and one fib

er batch in the

weft direction for any single fabric batch (case 3:1). Alternatively, if one batch is used in the warp
direction, no more than three batches shall be used in weft direction (case 1:3). The fiber
orientation for the warp and the weft shall be 0° and 90° respectively. The material, tooling and
methods used for weaving and handling shall not affect the carbon fiber or cause contamination
of the fabric. The weaver shall assign numbers in consecutive order as the fabric is woven. Roll
number assignment may be done:

a. atthe time of weaving or
b. atthe time these rolls are wound from master rolls.

The woven fabric shall meet the requirements of the MS.
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4.2.2.2 Fabric Requirements: The incorporation of glass tracer yarns may be agreed upon between the
purchaser 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 not be

42.2.3

used.

The selvage shall be of such width (38 mm maximum) as to cause no distortion of the fabric
when the material is unrolled.

The fabricwidtiT;

Eanufacturer. The width tolerance shall be £12.5 mm for each meter of

prepreg

Carbon f
overlapp
not be w

agreed between purchaser and prepreg manufacturer.

Each fabric defect shall be identified and flagged with a cdlored mark positioned

continuo
mark at t

Each roll
any) in th

Further r
bilateral

relevant
the requi

Woven H
ASTM D

A defect
roll width

Single yg

Abric may be spliced to meet material roll length requirements., 'Splices
ed a maximum of 300 mm with a maximum of one splice perdoll. Mater
thin 10 m of each end of the roll. Material splicing deviations shall be al

Is defect shall be identified with a colored mark at the start and with a 0
he end of the defect.

shall have a defect record attached, recording the location and length ¢
at roll.

bquirements with respect to fabric quality, defects, storage, etc. shall be
Epecification between the prepreg manufacturer and the fabric manufac
requirements of AMS 3970/ as defined for the prepreg. The woven fa
rements of the MS whentested in accordance with AMS 3970/2.

abric Defects: Definition of defect description terms are in accordance v
3990.

The-cumulative defect area of a roll shall not exceed 10% of the roll a

nufacturer and
fabric width.

shall be

al splices shall
owed when

on the fabric. A
ifferent colored

f each defect (if

agreed in a
turer to fulfill the
bric shall meet

vith

area is the)length of the defect, if that defect exceeds specified limits, multiplied by the

ea.

rncdefects, 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
missing pick, missing end, whipped in weft, loose pick, slab, kink, or fuzz ball shall be considered
a continuous defect, if they involve more than one yarn.

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.
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4.2.2.3 (Continued):

Splices of adjacent yarns shall be spaced apart 12.5 mm minimum. A fabric roll shall contain not

more tha

n one splice across the fabric width, see 4.2.2.2.

Warp yarn deviation from a straight line shall be 5 mm maximum over 1.0 m of fabric length.

Weft yarn deviation from a straight line shall be 50 mm maximum over 1.0 m of fabric width.

4.2.3 Technical

4.2.3.1 Resin Rgquirements: The resin used to manufacture the prepreg and filmadhes
epoxy or[modified epoxy type produced in accordance with AMS 397041 and me
requirements of the MS. The prepreg and film adhesive do not need to use the g
system Put must be compatible.

4.2.4 Technical

4.2.4.1 Prepreg Requirements: Fabric prepreg shall be produced from woven fabric and

the requi
tested in

The prep
shall be ;

The prep
show ar

Carbon f
shall be
splices s
allowed

The wary

equirements for Resin:

equirements for Prepreg:

ements of 4.2.2 and 4.2.3. The prepreg shall meet the requirements of]
accordance with AMS 3970/2.

reg width, which includes selvage)shall be specified in the IPS. The wi
F12.5 mm for each meter of prepreg width.

reg edges shall be straight:and parallel to the warp direction. The selval
psin rim greater than 1.2'mm unless otherwise agreed with the purchas

Abric in the prepreg/may be spliced to meet material roll length requiren
pverlapped a maximum of 300 mm with a maximum of one splice per rg
nall not bewithin 10 m of each end of the roll. Material splicing deviatio
vhen agreed between purchaser and prepreg manufacturer.

yarns’shall be aligned and run parallel to the prepreg edges; the weft

ive shall be an
eting the
ame epoxy

resin meeting
the MS when

fth tolerance

ge shall not

<ig
hents. Splices

Il. Material
s shall be

arns shall be

perpendi

cular to them. The maximum allowable deviation from the straight refers

ence line shall

be:

- in warp direction 5 mm per 1 m of useable fabric length

- in weft direction 50 mm per 1 m of useable fabric width

Splices of adjacent yarns shall be spaced apart 12.5 mm minimum. A prepreg roll shall contain

no more

than one splice across the prepreg width.

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.

-10 -
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4.2.4.1 (Continued):

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
missing pick, missing end, whipped in weft, loose pick, slab, kink, fuzz ball shall be considered a
continuous defect, if they involve more than one yarn.

4.2.5 Technical Requirements for Film Adhesive:

4251

4.2.6 Common T

426.1

4.2.6.2

Film Adh
epoxy re

The film
Cutting t

Release
and, if ng
removab
otherwisg
humidity.

The release film shall be of a contrasting.color and maintain its release and non

propertie
if not oth
prepreg

Material

esive Requirements: The film adhesive shall be produced from an epox
5in produced in accordance with the TS and meeting the requirements

hdhesive shall have cut edges ensuring presence of the carrierover the
plerance of the width defined in the IPS or purchase ordeg,shall be +1 m

echnical Requirements for Prepreg and Film Adhesive:
Film Material: The prepreg and the film adhesivé shall be protected fror
cessary, from self adhesion by release film«en-one side or both sides. H
e easily from the prepreg or film adhesiveawithout transfer of release m
p affecting the quality under shop conditions of 15 to 30 °C and 25 to 75
Different shop condition limits may be established in the IPS.

S over a temperature range, 0f—20 to +30 °C and a range of 25to 75% r

br adhesive material.

Requirements: Resin distribution and areal weight of the prepreg or the

shall co

areas shall be considered as defects.

The prepreg and the film adhesive shall be of homogenous color and shall be fre
substanges and undissolved (except by design) or cured resin system patrticles.

ply in each area-with the requirements of the MS. Visual resin starved

y or modified
bf the MS.

full width.
m.

n contamination
Films shall be
aterials or

% relative

contaminative
elative humidity,

brwise agreed in the IPS-'Release film material shall not protrude over the edges of the

film adhesive
or resin rich

pe from foreign

Creases,

cuts and cracks are not permitted.

The formation of folds after unrolling the prepreg or the film adhesive shall not result in
separation of the material from the release film.

-11 -
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4.2.6.3 Defects: Any defects in excess of that defined shall be cause for rejection of the specific material
delivery or roll, according to the following requirements:

42.6.4

4.2.6.5

4.2.6.6

A defective area is the length of the defect, if that defect exceeds specified limits, multiplied by
the roll width.

Defective areas are not part of the delivered quantity and shall not be included in the cost of the

material.

The cum

All defec

A contind
where nd

plative defective area in a roll shall not exceed 10% of the roll area.

s within a length of one linear meter are counted as one defegtive area

defect is closer than 150 mm to another.

Each defect shall be identified and flagged with a colored“mark positioned on thg

A contind
mark at t

Each roll
defect (if

accordar

user duri

Storage

bags in g

surface,

Storage

requirem
recomme
acceptal

ous defect shall be identified with a colored,mark at the start and with a
he end of the defect.

shall have a defect record attached, recording the type, location and le
any) in that roll. As far as applicable definition of defect description terr
ce with ASTM D 3990. Defec¢ts not recorded by the manufacturer and g
hg application of the material shall be handled similar to recorded defeq

Conditions: The prepreg and film adhesive rolls shall be stored in sealec
clean and dry area. The prepreg or film adhesive rolls shall not be allo
5tand on its end;-and/or have any other rolls or objects placed on top of

Life: The(prepreg and the film adhesive shall be capable of meeting the
ents ofthis specification when stored in accordance with 4.2.6.4 at the
nded-by the manufacturer at least for the time specified in the MS. The

ous defect single yarn or weaving defect shall not exceed 170 mm in ahy linear meter

b roll.

different colored

ngth of each
ns shall be in
etected by the
ts.

| moisture-proof
wed to lay on a
t.

qualification
emperature
minimum

lezstorage temperature is -18 °C. Storage life shall start from the day of

receipt at the

purchaser, unless otherwise agreed in the purchase documents. The Actual storage life of a
product and storage life extension procedures may be described in the IPS.

Shelf Life: The shelf life of the prepreg and film adhesive after reaching ambient temperature
shall be such that the material will meet the qualification requirements of this specification after
exposure to extreme shop conditions of +30 °C and 75% relative humidity for a continuous or
accumulative period as specified in the MS. Procedures for shelf life extension may be described
in the IPS.

-12 -
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4.2.6.7 Processing Requirements: The following processing requirements shall be met by the prepreg
system, unless exceptions have been specified in the IPS:

The prepreg system shall be capable of producing laminates, joints and honeycomb

sandwich structure conforming to the requirements of this specification using vacuum as the
sole means of consolidation.

a.

b.

c. Vacu
and ¢
comg

d. The
relev

e. Thejy
using
react

f. Thet
15 tq

lamin
even
the m

4.3 Requiremen

The perform
AMS 3970/2
approved by,
4.4 Test Method
Test method

describes m
available, thi

ommencement of resin flow without altering the mechanical properties
osite.

iscosity of the resins during the curing process shall fulfill the requirem
hnt MS.

repreg system shall be suitable for manufacturing laminates-up to a thig
the nominal cure cycle, without affecting the laminate quality due to ex
on.

ack of the prepreg and film adhesive shall be such that at shop conditio
30 °C and 25 to 75% relative humidity the individual layers stick togett
ated without the use of heat, and adhere to.the tooling surface (metal, |

anufacturer and the purchaser.
s for Composite Materials:
hnce level of the composite material, achieved in the qualification testin

shall meet the values specified in the MS when subjected to a statistic
the PRI (See 5.6).

vJ

5 shall be imaccordance with the standard test procedures given in this
pdifications) or additions to the standard test methods. If there is no stang
5 section'specifies the test method to be used.

4.4.1 Required N

A postcure of the cured laminate to attain the specification properties shall not be required.

T may - beapptedduring-thecoringprocessatany timebetweenroom temperature

of the
bnts of the

kness of 25 mm
othermic

ns of
er when
lastic, foil etc.)

when draped during lay-up. Specified tacktest requirements may be agreed between

j as specified in
al method

I'S. This section
ard test method

lumber of Specimens: The required number of test specimens is listed

n AMS 3970/2.

4.4.2

Test Methods for Fiber: Test methods for the fiber properties are listed in AMS 3970/2. These test

methods shall be used unless written approval is given by the PRI 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.

4.4.3

Test Methods for Fabric: The fabric test methods are listed in the AMS 3970/2.

4.4.3.1 Fiber Areal Mass: The fiber areal mass shall be determined by weighing a 100 mm x 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 roll.

-13-
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4.4.3.2 Yarn Count: Yarn count shall be determined by counting the yarns in both the warp and weft
directions on three separate sample areas of minimum 100 mm x 100 mm across the width of the
roll. Calculate the yarn count by dividing the number of yarns counted by the actual dimension of
the test sample perpendicular to the yarns counted in mm. The yarn count in each direction to be

reported

is the average of the counts on the three samples.

4.4.4 Test Methods for Resin: The test methods accepted for characterization of the resin system of the

prepreg an

d film adhesive are defined in AMS 3970/2.

Since the ¢
in order to
the approp
decisions 1
allow indej
method.

It shall be {
to present

Requireme
method ap

445 Test Methd

Section 6.
5. QUALIFICATI(
5.1 Introduction:

Before appra
completed th

hemical composition of the resin systems under test are not fixed by th
achieve optimum results these test methods generally require, before’ts
riate test equipment and establishment of suitable test paramgters. Sin
hay affect the outcome of the test, test reports shall include all-informat
endent reproduction of the test results, even if not specifically required

he responsibility of the qualifier to determine and‘agree on the detailed
fhe test results accordingly.

nts specified in the relevant Material Specification shall make referencg
plied. If other test methods are used, correlation tests shall be performe

ds for Composites: The specimen\manufacturing and test methods are

DN':

ving a prepreg and film adhesive combination for repair it shall have su
ree stages:

Screenin
the prep

a.

b.

¢

Qualification of the prepreg system in accordance with AMS 3970/2.

g accaording to the screening program specified in AMS 3970/2 to verify
g system for qualification.

s specification,
bst, selection of
ce these

on required to
by the test

procedures and
to the test

d.

described in

ccessfully

the suitability of

C.

prepreg and film adhesive system is approved for repair purposes.

5.2

Material Qualification:

Additionally, each OEM referencing the specification may require additional tests before the

5.2.1 General: The qualification shall be carried out by the material manufacturers. A liaison between

PRI and the manufacturers shall be undertaken to agree on work and any necessary coordination.
If the manufacturer cannot perform the required tests, a material test laboratory acceptable to the
PRI may be appointed. The screening and qualification program may be witnessed by PRI and/or
the airworthiness authority representatives. The manufacturer shall keep on file and at the
disposition of PRI all records (test graphs, process parameters, etc.) corresponding to the
qualification for at least 5 years.
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5.2.2 Screening of the Prepreg System: The screening test program may be part of the qualification and
should be done by the manufacturers. A sample of the same batch of the material used for
screening by the manufacturer shall be sent to the PRI to perform either screening tests or

5.2.3

5.2.3.1

5.2.3.2

5.24

5.2.5

reference t

ests on their own, and run production shop trials with the material.

The tests, which shall be carried out, are defined in AMS 3970/2. Material requirements are defined
in the MS. The process parameters agreed between the prepreg manufacturer and the PRI shall
be used, see 4.2.6.7.

The resultg
certified by

Quialificatid
the proces

prepreg syj

requirements are defined in the MS.

Cross-Check: If required by PRI, a sample from one batch of the material shall i

PRI to pe¢

Additiona
demonst

Com
pottin
The 4
Spec

a.

b.
c.

Audit of a |
operations
results and
of the qual

PRI resery,

of the screening tests shall be collected in a report. A successful scree
the PRI is prerequisite to start qualification.

n of Material: The qualification is directed to raw material sousces, the

5es which have been identified in the PCD. The qualificatiot is also dirg
Stem, i.e., the composite. The tests required are defined.in AMS 3970/2

rmit a cross-check to confirm that all qualification data supplied is com

|l Tests by OEM Outside of the Qualification Program: The OEM may re
rate:

patibility of the prepreg system:with other materials (e.g.; film adhesive,
g compound, etc.).

rdhesion of the resin/composite to structure to be repaired.

fic tests applicable to parts to be repaired.

Manufacturer: The.manufacturer shall agree to an audit of the product n
Quality Control:System, raw material traceability, process records, test

fication_batches.

Es theright to perform an on-site audit on the manufacturing of any bat

material.

ning test report,

bquipment and
cted to the
. Material

e provided to

barable.

quire tests to

core splice,

hanufacturing
procedures, test

quality contrel records. Qualification audits shall be conducted during the manufacture

ch of qualified

Establishment of an IPS: Upon successful qualification an IPS shall be established by PRI and the
gualified prepreg system shall be added to the QPL. In addition to the performance of the prepreg
system the IPS shall provide the qualified repair process parameters, cross reference to the
relevant in-house specifications of the manufacturers (PCD, etc) and other items and agreements
describing the material and its controls. Requirements 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.
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5.3

53.1

5.3.2

5.4

Material Qualification Program:

The manufacturer 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
specification and process procedures as the production material which will be delivered. The
qualification tests for fiber, fabric, prepreg and film adhesive are specified in AMS 3970/2.

In the materiptquatificationthe fottowmgareappticabte———————————————————

The first qualification batch may be the same as the one which was used for screen|ng tests so the
results of thg screening can be incorporated into the qualification results.

The process|parameters agreed between the manufacturer and the PRI'shall be used, see 4.2.6.7.

Qualificatign Retests: A retest may be required when one or moretest results do not meet the
requirements. A retest shall be performed on products from.the same batch or batches agreed with
the PRI. Tme guantity of the test specimens shall be doubled. Material failing on rgtest shall be
rejected and shall not be retested again without written-approval by PRI.

Qualificatign Test Report: The qualification test report shall contain at least the follpwing
information:

a. Complete identification of the material tested, including type, source, manufacfurer’s

identifi¢ation, batch numbers, certifi¢cates, etc., and shall reference the PCD.
b. All detqils regarding specimen preparation as described in Section 6 including [processing and
inspectli)ons.
Traceapility of specimens te\the original laminate and processing conditions; sge 6.3.
Aging and/or conditioning.data prior to the test in accordance with 6.2.
Date of test, facility, equiipment and identification of individuals performing tests.
All test|and retest.data including reference to test methods used.
Individgial values,)arithmetic mean and standard deviations per group of specifens.
The material properties shall be reported in both SI and imperial units.
Any indident-which may have affected the results and any deviation from this gpecification.

TS@moao0

Side Qualification and Requalification:

If any change occurs relevant to the IPS or the PCD, the PRI reserves the right to require a side
qualification by the manufacturer. The side qualification program depends on the nature of the
change of the material or the material processing. Baseline side qualification programs are listed in
Table 1.
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TABLE 1 - Side Qualification Program
Fiber Fabric Prepreg Film Side Qualification Program?
Adhesive
Replica of  Qualified Qualified Qualified Full qualification program except
a qualified prepreg resin tests and film adhesive
source tests
New Qualified Qualified Qualified Full qualification program except
source prepreg resin tests and|film adhesive
tests
Qualified New weaver  Qualified Qualified Selected composite tesfts
Qualified Qualified Qualified Quialified Selected eomposite tests
Weaver, New
oom
Qualified New fabric Qualified Qualified Full qualification program except
Style prepreg resin tests and|film adhesive
tests
Qualified Qualified Replicaofa  Qualified All resin tests and selegted
qualified composite tests
source
Qualified Qualified Qualified Replica of a Film adhesive tests and selected
qualified composite tests
source
Qualified Qualified Newsource  Qualified Full qualification program except film
adhesive tests
Qualified Qualified Qualified New source Film adhesive tests and|all composite

1 The qualification

brogram is-defined in AMS 3970/2

tests which include film

adhesive

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 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 OEMs in PRI and/or the

purchaser.
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5.6 Evaluation o

f 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 determine if a source meets the requirements of the MS.
c. To determine the batch release requirements.

6. COMPOSITE

This section specifies the composite test methods, specimen manufacturing,fluid imn

aging procedu

These alteratigns override the requirements of the referenced standards.

6.1 Specimen M

6.1.1 Specimen

specified in AMS 3970/2.

6.1.2 Panel Sizel The panel size shall be such that:

a. Allspe

same panel.

b. Additio
AMS 3

If this canrfot be accomplished.the report shall state which specimens were taken

panel.

An edge c

distortion gnd deviating panel thickness. An edge cut of 20 mm may be sufficient.
recommengded thatthe panel’s size is adequate to provide for:

a. Spare gpecimens; see 5.3.1 and 6.1.8.

TEST METHODS AND SPECIMEN MANUFACTURING:

res by referring to existing standards and specifying additions-and chan

nufacturing and Storage:

Definition: The number of specimens per test.condition and the specim

Cimens for the same test method,.regardless of the test condition, can

hal requirements for combining specimens in one panel may be specifig
D70/2.

t all aroundyshall be made with sufficient width to remove the area with

ersion and
ges to them.

bn lay-up are

e cut from the

ed in

from which

fiber orientation
tis

b. Traveler specimens; see 6.2.2.

6.1.3 Panel Manufacturing: Panel manufacturing shall be in accordance with the following:

a. Process the panels in accordance with AMS 3970/2 and the method specified in 6.7.

b. Measure the panel thickness. The average cured ply thickness shall be within the tolerance
specified in MS. Its coefficient of variation shall not exceed 2%.

c. C-scan the panels in accordance with 6.6.1. The screening test results shall be used to
establish the C-scan acceptance criteria.

d. Use approved panels for qualification testing in accordance with AMS 3970/1 and AMS 3970/2.
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6.1.4 Tabs: The specimen should fail in the gauge length and in the specified failure mode. This may
require the use of tabs. When tabs are used, the material, lay-up and thickness shall be such that
specimen failure occurs in the gauge length and in the specified failure mode.

6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

The cure cycle for tab bonding shall be such that the laminate properties are not influenced. Use a
paste adhesive that cures at room temperature, reference Appendix A. The adhesive shall be
approved by PRI.

For specin
moisture/fl

Specimen
surface fin
method sp

Specimen
selected fr

ens to be aged the adhesive between the tab and the specimen may b¢
Iid by sealing exposed glue line edges of the tab with silicone sealant’g

Machining: After machining, the fiber orientation shall be accarate withi
shes and dimensional tolerances shall be maintained in accordance wi
bcification, and the specimens shall be free of defects. Do not overheat

Selection: Specimens to be tested at a particulartest condition shall be
bm the panel.

Storage of
specimen

procedures, including conditions and times, arespecified in Tables 2 and 3. The p
the weight|gain due to moisture; the moisture,content shall be 0.20% (by weight)
various time/temperature/humidity limits eannot be satisfied, it shall be proven tha
uptake hag not exceeded 0.20%. This limit is applicable to specimens to be tested

condition

Drying of S
spare sped
content. TH
not be test

When the moisture content exceeds 0.20% the remaining specimens shall be drie

reduce the

Panels and Specimens: Moisture may diffuse in the composite materia

b protected from
r metal tape.

n +3°. Machined
h the test
the specimens.

randomly

during

anufacturing and storage. To prevent tuncontrolled moisture uptake, the storage

nd specimens which are-ta be fluid immersed.
pecimens: If there is:any doubt about the moisture uptake in the specim
e weight lossidue to moisture shall be less than 0.20%. Specimens drig

bd afterwards-because the drying procedure may have given the mater

moistdre content to less than 0.20%. No specimen shall be dried more

irpose is to limit
naximum. If the
the moisture
in the 'DRY"-

ens a traveler or

imen as applicable’shall be dried to equilibrium at 70 °C * 3 to determife the moisture

ed at 70 °C shall
al a post-cure.

jat40 °C £ 2to
than once.

Strain Gau

ge 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. Applyt

he strain gauges.
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6.2 Fluid Immersion and Humidity Aging:

6.2.1 Wet Conditioning Procedures: Laminates shall be wet conditioned by humidity aging in
accordance with EN 2823 except for aging conditions and period which are specified in Table 3 and
AMS 3970/2.

For sandwich panels age the panels before cutting into specimens. Seal the edges of the sandwich

panels and

honeycomp core. Perform the humidity aging in accordance with EN 2823 except
conditions jand period which are specified in Table 4 and AMS 3970/2.

6.2.2 Traveler Specimens: Three traveler specimens shall be used for each of the follow

a. Combination of fluid type and laminate thickness to be conditianed, except for {

solvent
Laming
Sandw

®ooo

Each s

6.2.2.1 Traveler

a. Fors
provi
b. Fors
refer

Accuracy

6.2.3 Selected H
following fl

Combimnation of material batches to be tested

immersed
te thickness to be humidity aged
ch panel configuration to be humidity aged

bt of panels or specimens that essentially follows different route and/or

Specimen Dimensions:

plid panels length and width both-larger than 25 mm. Spare specimens
ed the specimens do not have tabs.

andwich panels length and width 50 mm + 5. Traveler specimen edges
to 6.2.1.

of weight gain measurement: 0.02% (absolute).

luids: For assessment of the influence of fluids on the mechanical prop
Liids shall be-used, refer to EN 2379:

the traveler specimens with metal foil tape to prevent maisture diffusion via the

for the aging

ing:

bpecimens to be

schedule

may be used

shall be sealed,

prties the

TABLE 2
Water Specification-not-applicable Distilled\Water
Fuel EN 2379, Test Fuel 1 JET Al, NATO code F-34,
Kerosene-Low freeze point

Solvent EN 2379, Methyl Ethyl Ketone Laboratory Grade

(MEK)
Hydraulic Fluid EN 2379, Tri-N-butyl phosphate Laboratory Grade

ester
Hydraulic Fluid/Water Tri-N-butyl phosphate ester / Distilled  Mixture: 50:50% by volume
Mixture Water Mixture Mixture ready for use after

14 days storage at ambient

conditions
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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 3970/2.

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. Determlining fluid composition is not required.
e. Visual |nspection of specimens is not required.
f. Deternjination of the weight gain: Wipe the traveler specimens with a paper toyel or lint free
cloth; determine the weight gain immediately after removal from immersion.
TABLE 3 - Storage Conditions and Times for Laminate Panels and Laminate Specimens
Subsequent Specimen Test Specimen Test Specimen Test Specimen Test Specimen Test
Steps in the Condition’: Dry Condition: Condition®: Condition: Condition®:
Manufacturing Solvent Immersed Fuel Immersed Hydraulic Fluid Wet
Process Immersed? (Humidity Aged)
Panel, Subpanel Record panel curing date
and Storage at 23 °C + 5 in moisture-proof bag with desicCant
Specimen Permitted open time for manufacturing is 14 days-at
Manufacturing lambient condition (typically T<28 °C and RH<75%)
Specimen - Storage at 23 °C #5-in moisture proof bag -
storage prior to with desiccant.\Storage time: max 14 weeks
fluid immersion after the panelcuring date®
Requirement: Specimen moisture content 0.20% by weight3
Aging or - Immersion in solvent at Immersion in fuel at room Immersion in Aging in
exposure room temperature temperature hydraulic fluid humidity
(or mixture with chamber at
water) at room elevated
temperature temperature
Storage Storage at No storage allowed 23 °C = 5 in fuel bath, 23°C+5in 23°C+5
before testing 23°C +51in max time hydraulic fluid wrapped in
moistufe proof 8 hours bath (or mixture a wet towel,
bag with desiccant. with water as max time
Storage time: max applicable), 8 hours

22 weekKs after the

panel curing date?.
Requirement:
Specimen moisture
content <0.20%

by weight®.

max time 8 hours

Strain Max 4 hours at
gauge bonding ambient condition

Max 1 hour at ambient condition

Max 24 hours at
23°C+2

Open time in
test cabinet

Max 1 hour at 23 °C + 2

Fluids are specified in 6.2.3.

2Exceeding the time limit requires measurement of specimen moisture content; refer to 6.1.8.
3Exceeding the moisture limit requires drying of the specimens; refer to 6.1.8.
“Hydraulic fluid or hydraulic fluid mixed with distilled water; refer to 6.2.3.
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TABLE 4 - Storage Conditions and Times for Sandwich Panels and Sandwich Specimens

Subsequent Steps
in the
Manufacturing Process

Specimen Test Condition®: Dry

Specimen Test Condition®: Wet

(Humidity Aged)

Panel and sub-panel
manufacturing

Record panel curing date.
Storage at 23 °C * 5 in moisture-proof bag with desiccant.

Permitted open time for manufacturing, including specimen machining, is 14 days at ambient condition

(typically T<28 °C and RH<75%).

Panel storage prior
to aging

StUICl\JC Clt 23 QU - 5 ;II |||u;3tu|
desiccant.

Storage time: max 14 weeks aft
date?.

Requirement: Specifrien moistu

by weight®.

proof bag with

er the panel curing

re content <0.20%

Aging

Humidity chamber at specified |

pmperature and humidity.

Specimen machining

Record panel curing date. Storage at 23 °C £ 5 in moisture-proof bag with, desiccant.
Permitted open time for manufacturing, including specimen machining, is-14 days at ambient cd

(typically T<28 °C and RH<75%).

ndition

Storage before testing

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 Weight3.

Storage at 23 °C = 5 wrapped i a wet towel in a

moisture proof bag.
Max time 8 hours.

Strain gauge bonding

Max 4 hours at ambient condition.

Max 1 hour at ambient condition.

Open time in test cabinet

Max 24 hours at 23 °C + 2.

Max 1 hour at 23 °C * 2.

lHumidity aging procedu
2Exceeding the time limit
3Exceeding the moisture

e is specified in 6.2.1. Aging conditions are specified in AMS 3970/2.
requires measurement of specimen moisture~content, refer to 6.1.8.
limit requires drying of specimens, refer te 6.1.8.

6.3 Report on Specimen Manufacturing,\Conditioning and Storage:

The specims
incident whig
specification

6.3.1 Panel Manufacturing:yReport the complete identification of the materials to be test
hnufacturer identification, material characteristics, batch number, date ¢

material m

material receiving inspection and/or batch release report.

n manufacturing report shall refer to this standard and shall permit full fraceability. Any
h may have affected the quality of the specimen and any deviation fron
shall be reported. The report shall at least include the following:

N this

ed, including
f receipt,

All details about manufacturing of the panels which shall include at least the following:

T TSae@TmoaooTw

Panel manufacturing date

Individuals performing the manufacturing
Shop temperature and humidity
Conditioning of the materials

Time table for preparation, laminating, bagging and curing

Curing parameters, including the diagrams and the equipment used
Cutting procedure/drying

C-scan results, settings and equipment used
Measured thickness

Description of the used ancillary materials and the precise location of the thermocouple
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6.3.2 Specimen Manufacturing: At least the following should be reported:

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:

a. Typeo
b. Fluid tg
c. Immerg
d. Typeo
e. Dimens

6.3.4 Humidity A

Diagra
Conditi
Aging §

oo op

6.4 Test Proced\

6.4.1 Temperatu
specimen,

within the :rme specified below. Thetemperature chamber shall be approved by P

temperatu
1°C.

Usually the

a. Contro
b. Monito

Equipnpent control diagram about aging conditions and time

fluid

mperature

ion period (including dates)

container

5ions of traveler specimens and the weight gain after immersion

ging: Report in accordance with EN 2823:

m about weight gain versus aging time

on and history of specimen before aging

rquipment and placement of panels in the@quipment

re for Testing at Nonambient Conditions:

re Chamber: The temperature-chamber, in combination with the test fixi
shall be such that the gauge length of the specimen is at the required t

e measurement equipment shall be calibrated in accordance with AST)

temperature-is:

ure and the

bst temperature
RI. The

M E 4, accuracy

I

led by one thermocouple measuring the air temperature of the chambe

exposu

reZto the air.

red by-one thermocouple in the gauge length on the specimen, sealed flrom direct
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6.4.2 Testing at Elevated Temperatures: Before starting the test, the temperature chamber and the test
fixture shall be pre-heated.

Each specimen mounted in the test fixture shall be heated to the required test temperature. The

heat up time of the specimen shall not exceed 5 minutes. The test shall start 2 + 1/-0 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 speci

ens to be tested at 120 °C the following apply:

For each bptch of material and for each laminate thickness to be tested at'ajtempe
the moistufe content after testing shall be determined on a traveler specimen. Det
mechanicgl testing performed on each laminate thickness the longest.time from cl
temperatule chamber to specimen failure. Put the traveler specimen’in a temperat

and simul

testing.
6.4.3 Testing at
fixture sha

Each spec
test shall s
test, the te

6.5 Additions an
All tests requ
specified in A

AMS 3970/1

If two or mor
from those s

te that temperature cycle. Report the measured maisture content prior
Sub-Zero Temperatures: Before starting testing, the temperature chamQi
| be pre-cooled.

men mounted in the test fixture shall-be cooled to the required test tem
fart 5 +1/-0 minutes after the specimen has reached the test temperatu
mperature, as measured on thelSpecimen, shall be the test temperature
 Changes to Standard Fest Methods:

ired for qualification-shall be performed in accordance with the Standar

AMS 3970/1 and-AMS 3970/2 including any changes or additions define

e alternate)test methods are specified for a test the qualifier shall selec
pecified,

ements of the selected test method including changes or additions as s

rature of 120 °C
ermine from the
Dsing the

ure chamber

o and after

er and the test

perature. The
e. During the
e +2 °C.

d Test Methods
din

a test method

ecified in

AMS 3970/1 are mandatory. It is not permissible to mix requirements of the alternate test

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

a. All requin
methods.

b.

C.

exception has been defined.

Changes and additions specified in AMS 3970/1 for each test type are mandatory for all alternate

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

The IPS of a qualified material combination will define the test methods which were used for
qualification testing and those to be used for batch release testing of the qualified material.
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6.5.1 General;

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

6.5.1.2

6.5.1.3

6.5.1.4

6.5.1.5

6.5.1.6

Strains: pmm/mm Hinch/inch

Stresses: Mpa psi

Moduli: Gpa ksi

Dimensigns: mm inch

Test Equjpment: All equipment shall be calibrated. Alignment of equipmentcshall|be verified with
suitable methods prior to tests like back to back strain measurement ondummy specimen.
Measurement Equipment: Micrometers for thickness measurements(shall have ball/ball
interfacep or at least a ball interface on the side to measure rough&urfaces (norjtool side).
Vernier cgaliper or equivalent shall be used.

Strain Mg@asurement: 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) dr
extensometer(s) may be used. Report strain gauge type and length or extensonjeter gauge
length.

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

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

The test
to the PR

Test Proq
lint free g

Unless o

a. Ther

Hata of specimen that did_not fail in one of the specified failure modes sh
| for review.

edure: Prior to testing, fluid immersed specimens shall be wiped with &
loth.

umber of specimens to be tested per test condition is defined in AMS 3

all be submitted

paper towel or

therwisenindicated in the changes and additions applicable to the specific test method:

970/2.

b. The

ominat faminate thickness shattbe used i catcutations of Stress, Stren

modulus.
The nominal laminate thickness is the number of plies times the nominal ply thickness. The
nominal ply thickness is specified in the MS.

method in AMS 3970/1.

the actual test method in calculations where this measurement is required.

-

Report failure loads and actual specimen dimensions.
Modulus determinations shall be performed according to the secant method of the relevant

stress-strain curve.

th, and

Fiber volume measurements are only required when specifically requested for a specific test

Use the measured specimen width determined in accordance with the procedure defined in
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6.5.1.7 Application of Test Results: Application of test results is the responsibility of the user.

6.5.2 Tensile Weft / Warp: Reference specifications: EN2561-C or ASTM D 3039/ASTM D 3039M.

6.5.2.1 Specific Additions and Changes:

6.5.3 Compress

6.5.3.1 Specific

a.
b.
c.

6.5.4 Tensile In-
ASTM D 3

@rpooop

h
1.
i
K.

Laminate lay up: See AMS 3970/2
Overall specimen length: 250 mm + 3

Spec

men width: 25 mm + 0.25 measured on three locations along the gaug

length

Gaug

Side fo side parallelism: 0.08 mm

Face
The
qualif
Mody
Failu
Poiss
Spec

Lamipate lay-up: See AMS 3970/2

Gaug
To ve

shall jpbe obtained on the first specimen for each test condition

Modd
Test {
to the
Spec

thickmess shear; brooming, transverse shear or splitting

ve Weft / Warp: Reference specification: EN2850-B.

A\dditions and Changes:

e length: =125 mm

to face parallelism: 0.08 mm

se of tabs shall be optional, to be agreed between the parties involved
ication. Tab definition: EN2561-A or ASTM D 3039/ASTMD~3039M
lus reference points: 1000 and 3000 umm/mm

e strain shall be measured

on's ratio shall be determined if specified in AMS/3970/2

fied failure modes: Tension failure within the gauge length lateral or an

e length: 12.5 mm £ 0.2
rify alignment and specimen;load response back to back strain gauge r

lus reference points; 1000 and 3000 pmm/mm
ixture use: First torgue all bolts sequentially to a low torque, than increg
specified torque

fied failure modes: Compression failure within the gauge length includi

Plane’Shear (+45°): Reference specifications: EN 6031 or
b18/ASTM D 3518M.

in the individual

hle direction

neasurements

1Se sequentially

hg through
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6.5.4.1 Specific Additions and Changes:

Laminate lay-up: See AMS 3970/2
Overall specimen length: 230 mm £ 1
Specimen width: 25 mm * 0.25 measured on three locations along the gauge length
Thickness tolerance: £0.2 mm
Side to side parallelism: 0.08 mm

6.5.5 DMA Com

6.5.5.1 Specific

a.

sa =

[S———

S@ ™o o0Ty

cooo

Face

to face parallelism: 0.08 mm

Cros
Stres

1) 0
(2) 9
3) u

Modd
All st
lamin
Spec
fail w

Lami
For 4
layer
Spec
Start
Load
Strair
rangg
Heat

b head speed: 2.0 mm/min or 0.1 inch/min
5 of each specimen shall be determined at:

.2% offset shear strain
06 shear strain
[timate

lus reference points: 2000 and 6000 shear microstrain

esses and moduli shall be calculated and reportedwith both the avera
ate thickness and the nominal laminate thickness.

fied failure mode: No tension or shear failure hefore defined strain level
thin the gauge length

posite: Reference specifications: EN6032-A or ASTM E 1640.

Additions and Changes:

nate lay-up: See AMS 397072
dhesive specimen prepare laminate in full depth from necessary numbs

D
men length and width: According to requirements of the test equipmen
temperature: ROom temperature
ng mode: Ta.lbe reported
range: Within linear viscoelastic range, < 1000 microstrain recommen
 to be reported
ng rate:'5.0 °C £ 0.2
b gas and flow rate: To be reported

je measured

s. Ultimate shall

br of adhesive

jed. Actual

Purg

T e o PN T b to
ransaatersantcontronetrsSIToueTepotiea

Indivi

dual results of each specimen to be reported

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

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:

h.

I
J-

k.

@ oo op

Laminate lay-up: See AMS 3970/2

Specimen EN 6035-A: According to Figure 1 of EN 6035-A without hole
Gauge length: 180 mm minimum

Specjmen width: 381 mm + 0.1

Side o side parallelism: 0.08 mm

Face|to face parallelism: 0.08 mm

The yse of tabs shall be optional, to be agreed between parties involved in an actual
gualification

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

Meagure and report Young's modulus and failure strain

Modylus reference points: 1000 and 3000 umm/mm

Specjfied failure mode: Any tension failure within the gauge length

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

6.5.7.1 Specific Additions and Changes:

6.5.8 Compressive QI Reference specification: SACMA SRM 3, issue 1994.

6.5.8.1 Specific Additions and Changes:

-0 Q0o

S@"oo0oTy

Lamipate lay-up: See AMS 3970/2

Gaude length: 180 mm minimum

Specimen width: 38.1 mm = 0.1

Hole |[diameter: 6.35 mm + 0.09./~0

Hole [centerline tolerance: + 071,’mm

Hole Imicrometer: Type as,required with an accuracy of £ 0.025 mm
Cros$ head speed: 2 mmfmin or 0.05 inch/min

Repart failure stress@and width to hole diameter ratio (w/d)
Specjfied failure mode: Any tension failure through the hole

Laminate lay-up: See AMS 3970/2

Specimen: Without circular hole

Cross head speed: 1 mm/min or 0.05 inch/min

Modulus reference points: 1000 and 3000 pmm/mm

Failure strain: To be reported

Specified failure modes: Compression failure within the gauge length including through
thickness 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:

6.5.10 Bearing QI

6.5.10.1 Specific

6.5.11 Compress

6.5.11.1 Specific

6.5.11.2

a.

oo

-

~0Qo0 oW

e ~oo

Laminate lay-up: See AMS 3970/2
Specimen hole diameter: 6.35 mm + 0.09/-0
Measurements: Hole diameter and specimen width at the location of the hole

Cros

head speed: 1 mm/min or 0.05 inch/min

Failu
Sped]

Lami

Lami
Impa
Num
acco
Ener
Impa
Visib
Post
spec
Cros
Strair
such
Sped|

A\dditions and Changes:
nate lay-up: See AMS 3970/2

e stress: To be reported only, no modulus
fied failure mode: Any compression failure through the hole

. Reference specification: EN 6037-A.

on After Impact: Reference specification: EN 6038.

A\dditions and Changes:

nate lay-up: See AMS 3970/2
ctor roughness: Ra <0.8 um
per of impact energy levels to bejtested in compression: 3 levels detern
dance with 6.5.11.2
Jy level tolerance: +10%
Ct indentation depths of all specimens to be determined and reported
e damages shall be recorded on both sides of the specimens

mpact NDI inspection: Similar to pre impact inspection on at least one
men of each impact level determined for compression testing
b head speed:*l mm/min

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

fied-failure mode: Compression failure including at least a portion of th¢

ined in

epresentative

the recorder

e impacted area

Determination of the Impact Levels to be Tested: A series of impacts shall be performed to
determine the impact energy that 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.g. fiber splitting)
due to repeated impacts, a second specimen shall be used to confirm the indentation depth.
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6.5.11.2 (Continued):

Test procedure: Preselected levels of impact are specified in the referenced test method. Impact
the specimen with lowest preselected level. Measure the indentation depth. If the depth is

smaller than 0.3 mm, impact this specimen on another location, with the next higher impact level.
Repeat this procedure until an indention depth of 0.3 mm is found. The last impact level tested
is defined as the 0.3 mm impact energy level.

From ab

testing:

1.
2.
3.

The i
One
Two

If this lev
will defin

6.5.12 Flatwise T¢g

6.5.12.1 Specific

a.
b.
c.

d.
e.
f

Lami
Georn
Spec]
referg
Facin

b b (] u ) - e 1 L L Ll (] e - £
PpVEe LIESL PIuoLeuure, uirec frpact Criciyy 1Ievels stidll DE UTteTimmeu 101 4

mpact energy that gives 0.3 mm indentation
evel below the 0.3 mm impact energy level
evels above the 0.3 mm impact energy level

el exceeds the preselected impact levels specified if the referenced tes
b the upper impact energy level

nsile: Reference specifications: EN 6062 o ASTM C 297.

A\dditions and Changes:

nate lay-up: See AMS 3970/2. 0° direction parallel to ribbon direction of
netry: Square 50 x 50 mm + 0.540r specimen and facing blocks

men manufacturing: According'to 6.7.6 using Aramid paper based pher
bnced in AMS 3970/2

g block material: Al 2024-T351, 25 mm thick

Bonding of aluminum facing blocks: See 6.5.12.2

Spec

6.5.12.2 Bonding
are not a
chamber
Appendi

6.5.13 Long Bea

fied failure mode;{Bondline of the repair skin to the honeycomb

of AluminumkFacing Blocks: The cure cycle shall be such that the lamin

tered. Curing of blocks on specimens which have been aged shall be dq
at 70 2C.x¥ 2 and 85% RH + 3. The selected adhesive shall be approve
A for_suggested material.

ompression

t method, PRI

the honeycomb

olic honeycomb

ate properties
ne in a humidity
1 by PRI, see

6.5.13.1 Specific Additions and Changes:
Laminate lay-up: See AMS 3970/2

oo op

Load

span: 100 mm

Support span: 560 mm = 1
Loading cylinders: Diameter 15 mm, circular within 1% of diameter and straight within 0.5% of
the length
Support cylinders: Diameter 30 mm, circular within 1% of diameter and straight within 0.5% of
the length

Spec

imen manufacturing: According to 6.7.6

Sandwich Flexure Reference specifications: EN 6061 or ASTM T 393
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6.5.13.1 (Continued):

imen width: 75.0 mm £ 0.1

Specimen length: 610 mm + 1

imen position for testing: Repair skin in compression

ified failure mode: Compression failure of the repair skin or debonding of the

honeycomb core and the repair skin in the area inside the loading span

g. Spec
h.

i. Spec
j- Spec
k. Defle

ction: No measurement required

6.5.14 Tensile Tay

6.5.14.1 Specific

a. Lami
b. Spec
c. Joint

6.5.15 Tensile Ste

6.5.15.1 Specific

a. Lami
b. Spec
c. Joint
6.5.16 Tensile Sin

6.5.16.1 Specific

a. Lami
b. Use |

6.5.17 Thick Adhg

6.5.17.1 Specific

ered Joint: Reference specification: EN 6066.

Additions and Changes:

nate lay-up: See AMS 3970/2
men manufacturing: See 6.7.7
length: 80 mm

pped Joint: Reference specification: EN 6066.

A\dditions and Changes:

nate lay-up: See AMS 3970/2

men manufacturing: See 6.7.7

length: 75 mm

gle Lap Shear: Reference specifications: EN 2243-1 or ASTM D 1002.

Additions and Changes:

nate lay-up: See AMS 3970/2
EN 2243 Type 1

brent Shear: Reference specification: EN 2243-6.

A\dditions and Changes:

a. Lami

6.5.18 Moisture U

¥ ] A« A
AT Iady"upy. OTCT A

ptake: Reference specification: EN 3615B 85.

6.5.18.1 Specific Additions and Changes:

a. Laminate lay-up: See AMS 3970/2
b. Exposure temperature: 70 °C £ 2
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6.5.19 Fracture Toughness Energy - G1c: Reference specification: EN 6033.

6.5.19.1 Specific Additions and Changes:
a. Laminate lay-up: See AMS 3970/2

6.5.20 Fracture Toughness Energy - G2c: Reference specification: EN 6034.

6.5.20.1 Specific Additions and Changes:
a. Lamipate lay-up: See AMS 3970/2

6.6 Determinatign of Laminate Quality:

ultrasonic inspection. Objectives of the inspections are specified in the following paragraphs.
Subsequently example inspection techniques are mentioned:The lay-up of the pahels is specified

in AMS 39y0/2.

6.6.1 C-Scan: TF panel quality and its suitability for mechanical testing,shall be determlined with

6.6.1.1 Laminatg Panels: For laminate panels the inspection shall be suitable to:

a. Dete¢t delaminations
b. Determine the homogeneity of the panel with respect to porosity
c. Determine the average attenuation

The qualjty of the individual lamigate panels, manufactured with the same procefdure, shall be
comparef. Acceptance and rejection criteria will be determined by the PRI.

6.6.1.2 Sandwich Panels: For sandwich panels the inspection shall be suitable to:
a. Dete¢t delamination

b. Dete¢t core skin disbonds
c. Detefrmine’the homogeneity of the panel with respect to porosity

Acceptance and rpjprfinn criteria will he determined hy the PRI
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