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The content of this presentation is for information purposes only. All information provided is of a general nature only and is not intended to
address the circumstances of any particular project, individual or entity. Any time there is a conflict or discrepancy between the information
provided in this presentation and information in an official regulation or EASA document, the latter prevails.

Despite every effort to ensure the accuracy of the information provided, it may contain occasional inadvertent inaccuracies or typographical
errors. Any error brought to our attention (vtol@easa.europa.eu) will be promptly corrected. In no event shall EASA be liable for any
incidental or consequential damages, even if EASA has been informed of the possibility thereof.

The content may be subject to changes at any time without prior notice. To the maximum extent permitted by law, EASA is not liable
(whether in contract, negligence or otherwise) for any loss or damage arising from the use of these materials. The information contained in
this presentation should not be construed as legal advice.

All presentation material and other information provided by or on behalf of EASA are furnished on an "as-is" basis, without warranty of any
kind, whether express, implied, statutory or otherwise especially as to its quality, reliability, currency, accuracy or fitness for purpose.

Ownership of all copyright and other intellectual property rights contained within the EASA presentation material, including any
documentation, data, technical information and know-how provided as part of the presentation, remain vested in EASA. Reproduction is
authorised, provided the source is acknowledged, except where otherwise stated. All logos, copyrights, trademarks and registered
trademarks in these presentations are the property of their respective owners.
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Damage Tolerance and Fatigue Evaluation of
Composite Rotorcraft Structures

— Categories of Damages: AMC 20-29 & AC27/29.573

— Structural Bonding Certification
— Definitions
— General Requirements
— Specific Requirements — Critical Bonded Joints

— Inspection Methods for Composite Structures

—> CMH17 updates and composite initiatives involving EASA
— EASA Webinar information
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Categories of Damages

AMC 20-29 and AC27/29.573

Note for following slides:

RRS: Required Residual Strength
RS: Residual Strength

UL: Ultimate Loads Courtesy of Airbus Helicopters

LL: Limit Loads

Rotorcraft Structures Workshop
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AMC 20-29 Categories of Damages and Residual Strength
Cilegory 1 Daciage Tool drop, hailstrike, frequent lightning strike, blunt impact

BVID, Allowed Mfg. damage

N7, > — Category 2 Damage: . . . . . .
VID, damage requiring repair per Lightning strike, maintenance impact, blunt impact
_ Ultimate / Lo e e Severe Hail / lightning strike, birdstrike if
Design 1 5 Factor Category 3 Damage: not detectable during the flight —
Load ; Obvious damage found within a . .
Level of Safety / few flights of occurrence, Stringer/patch disbond
Limit requiring immediate repair Large notch, large disbond, blunt impact
Discrete Source Da mage: ~ Maximum load Category 4 Damage: . . .
. per lifetime Discrete source damage, Birdstrike, UERF, Tyre debris,
- Cat4:Get Home Loads (70% = t‘_";’"_ obvious o Bight crew, blunt impact
LL) as RRS (AMC/AC 25.571) s;’f';';;it requiring repair after flight
- Category 2to 4: LL as RRS [ B -
(AC27/AC29)
" X4 ; Cat 5: Beyond design considerations (*)
— O 7 0000 °
AC27/29.573: Allowable Critical Damage (RS s T T T T T T T T TS ~
* Obvious discrefce source, Bamuge Crnk Threshela : Category 5 Damage: | HEWABI, flocks of birds, very L
maybe not obvious damage (ADL) (CDT) : Ag:sf:;ll%lft dlmaf:‘;ietgogpig;’;‘;ds m large bird, wire strike |
* LL as RRS: completion of flight Increasing Damage Severity - requiring immediate repair I
/
S e e e s o e e e e D GEe EEe EEe EEe S B B Eae e

Figure 3 - Schematic diagram showing design load levels versus categories of
damage severity.

EASA (*) Severe damages created by anomalous ground or flight events should be identified. They may result in Cat 5 damages.



Residual Strength and Damage Severity

Rotorcraft: RS curve
is “flat” with
increasing damage

Cat1l

D|screte Source Damage: Cat 2 to 4 for Rotorcraft (AC27/29. 573)

| —> Obvious discrete source of damage with LL as RRS

Non-detectable & Acceptable Damage

Source: CMH17 rev H Vol3. Chapter 12.3

Severlty Damage could be present for entire lifetime C
Strength Cat 2 at 4

- Low RS //1 ,

, : Detectable Damage Found & Discrete Source Damage
difference between \cer_ Repaired Through Maintenance Failed or completely

: ' aclorol S88Y  pamage could be present for entire maintenance interval | severed frame, stiffener, or
cat 2 &cat 3 oy, mae Ve chord with failed or
- - o | _ Pilot-Evident completely severed
h A Limit FTm——— : attached skin or web
D ] 70% Limit per Gy Continued Safe Flight . .
@—/” o050~ \ & Landing — Large Aircraft: RS curve is
“flattening” with increasing
ADL cDT : > . -
(Allowable (Critical Increasing Damage Severity da mage severlty, up to GHL
Da_m.'.j)ge Damage
Hmi) Threshold) Detectable Damage Severely damaged, frame or
M | N | mum stiffener with associated damage to attached skin or web
-  JL LL (or) Severely damaged, skin panel or web with Cat 3
ihi associated damage to attached stringers, stiffeners,
capability as RRS assodiatec«
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Damage Detectability and Residual Strength

Source: Jean Rouchon training course, Certification

' Residual stress or strain

Main drivers on residual strength
curve are:

v"  Laminate material, thickness
v' Layup

v" Environmental conditions

First damage _

Main drivers on detectability are:
Impact energy, Impactor
shape

v"  Laminate material, thickness
v Transverse or edge impact

v’ Relaxation, ageing
v
v

SN

Layup (damage extent)
Paint color

No visibility

DamageLreshold/ /

—> <

of composite rotorcraft structures — 2016

X Design#1 sized by
Cat 3 damage

Design#2 sized by
X Cat 1 damage

»
>

A

EEEASA

.Irfn.e.r E.X t.er.r?al Perforation
visibility visibility Energy level
T Damage Severity is quantified by
Through .
Thickness effect of damage on residual
delamination

strength capability

»

ADL

CDT

Damage Severity



Effect of Impact Energy and Impactor Shape on Detectability:

“3-Zone Diagram” X In-service and in-manufacturing damages, below the detectability
Residual Strength threshold with realistic energy level 2 Zone 1/ Cat 1, UL as RRS

A
o Damages beyond detectability level = Zone 2 / Cat 2 & 3, RS capabilit
Detectability level
L®

o Damages beyond realistic energy level = Zone 3 / Cat 1, RS capability

> between LL and UL
Impact energy 5
A | ———==— |
X |
. Residual Strength B
Detectability o o o © g g g
] 0] A E
level ; & ||
> :
= E
- 5 Back face fibre| g Q
Detectability level < out e a—
A ¥ . \[NK . Dent
The detectability ; \ ; Not visible_ ‘;m;:l::(m g Visible on ot frces
of foreign object |mpact energy Impact energy
impact depends > » »-

* BVID = Barely Visible Impact Damage

on countless

design and impact <« ‘ot
variables ! Realistic energy level Source: Jean Rouchon,

(- Cat1,Cat2 and Cat 3 damages need to be addressed for DT gterrj’cft’fl‘:;’s"” of composite

B4AEASA <= considering large range of impact energies and impactor shapes s

Impact energy



AC27/29.573 vs AMC 20-29

— The “3-zone” diagram is implemented in AC27/29.573
—> Zone 3 of this diagram is not addressed in AMC 20-29

‘ Dl tabalily

Obvious Damage CERRE—
Detectable darnage

Farely Dedectable linpacl .."\ .
—

I ermnp:

Undeteciable damage

Zone 1: RRS > UL after fatigue
including LEF

v" Non Detectable Damage
v' Cat 1 of AMC 20-29

5

Figure 2

>

/"Zone 2: LL < RRS < UL, after inspection
interval including LEF

v' Detectable damage @
v" kx LL related to damage severity

and damage (no)-growth behavior
\_¥" Cat2 (>LL)and Cat 3 (LL) -

Zone 3: LL<RRS< UL
v" Non detectable damage

a

/3 v Use of probabilistic
G ! approach to determine k x LL

v" Or UL considered for RS
v

- Or energy level increased to

Lameel o emempy swlectel] for complance wilh
B8 0505 2900 | Static Strength) and 65} of this AC

saxienrn leve] of ey selecled for the Danape 1
evalwation. This level should oo be execeded

reach detectability and
evidence LL as RS
v" Notin AMC 20-29, ~ Cat 1

Realistic Energy

Level (10-5/FH)
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Photos Source: Impact Damage Formation on Composite Aircraft

3-Zone D i agram Ty P i ca | Exam P | es Structures, Hyonny Kim, UCSD, FAA/JAMS meeting — NIAR, 2009

Zone 1: Damage following blunt Zone 2 : Lightning | ‘ i;gz;gf;[?;ge || Zone 1 & 2 : Hail str.ike
|mpact from maintenance pIatforms strike damage on i i Wil | | damages on sandwich

monolithic part " o ------------------- =

v:|  pulsed current
3| Peak current 97 kA

Detectable darnage

Zone 3: Damage following

Harely Dedectable |II'|.'|iL1| :\- _: . .
Uncnags: ra blunt impact from service
e T vehicle collisions
. > + + -
Zone 1: Tool drop impact \__ [fone ] lzones | O
d a m age be I OW BVl D et ol emempy swlecten] for compliance wilh ‘
BVID G hasog, J‘JI“FJ' {Static Strength) and 7% v of this AC
Impact
Location f

Energy cut-off typical examples (10-5/FH)

35J large aircraft typical fuselage, inner parts
25J-30J Rotorcraft thick parts

https://www.dvidshub.net/image/7278
983/mi-17-helicopter-transport

E3EASA -:Qs-A probabilistic approach can be valuable for Cat 1 Damages (Zones 1 & 3)




Summary

Composite DT and Fatigue Evaluation should include:

— A threat assessment, with identification of all possible threats to the composite structure and
joints (in-manufacturing and in-service)

—> Energy levels in threat assessment should not depend on laminate design
— Energy cut-offs should be derived from in-service data or good practices or robust rationale

- An evaluation of detectability of each damage on the composite design (thickness, layup, )
accounting for damage relaxation and selected inspection method

—> An evaluation of damage severity: effect of damage on residual strength, accounting for fatigue
effect on damage growth behavior where needed

— Inspection Interval in ALS to detect the damage before it becomes critical and to restore UL
capability.

The structure should be designed to comply with Required Residual Strength (RRS) depending on

damage detectability as per AMC 20-29 and AC27/29.573.

EASA Rotorcraft Structures Workshop 18-19 February 2025
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Structural Bonding
Certification

Structural Bonding
Requirements and Compliance
Demonstration
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Definitions

Structural Bonding: A structural joint created by the process of
adhesive bonding, comprising of one or more previously-cured
composite or metal parts (referred to as adherends) — AMC 20-29

Single step process

3 different categories of joining processes:

- Cocuring, cobonding, secondary bonding

- Cobonding and secondary bonding are bonding processes _
Adhesive

- Cobonding and Secondary Bonding both require at least one
surface to be bonded with activation through surface preparation,
to generate a new chemical bond with the adhesive

- Any joining process for structural bonding should be compliant
with AC 21-26 “Quality System for the Manufacture of Composite
Structures” Adhesive

- Ajointis a structural design detail

Co-Curing:
Components cured together

- Component 1 uncured
- Component 2 uncured

(may include additional
adhesive and/or continuous
structural plies comman to
both Components 1 and 2)

Co-Bonding
(Structural Bonding):
Components bonded together
during cure of one of the

components

- Component 1 cured*
- Component 2 uncured

or
- Component 1 uncured
- Component 2 cured*

* or metal
(may not necessarily include
additional adhesive)

Secondary Bonding
(structural Bonding):

Components bonded together
with separate bonding
operation

- Component 1 cured*
- Component 2 cured*

* or metal

l and differs here from the one in AC27/29. 573 ,  Airbus — Composites Workshop Tokyo 2009

EASA Rotorcraft Structures Workshop 18-19 February 2025




Bonding Requirements and Practices

Step 1 — Qualify the Bonding System

- Characterize and control the substrate, adhesive, surface Adhesive
preparation and ancillary materials Bonding
) ) _ System:
- Define the bonding process/ Evaluate the effectiveness of the
bonding system, ensure compatibility of all materials Psurfac.e Bonding
reparation Process
- Comply with AC21-26A (process controls, inspections methods, ...)
Step 2 - Certify the Joint [= = = = = = = = = = = = = = - 1
.. . . |
- Ensure the joint design can be scaled and reproduces the bonding : 1. Substrate 2. Adhesive :
V \,
system with structural details I Sy z =9 ¥ I
- Typically done at the component assembly level : 3. Surface Preparation 4. Bond Processing :
> Tests should be performed at the element and detail scale to TB :d ________________
onade
isolate bonded joint performance and/or develop design values Joint 5. Design Features

\
| 1he performance of the bonding system may be affected by

Date: June 10, 2023

> Source: IRCWG Meeting, Charleston, US, June 2024
EASA Rotorcraft Structures Workshop 18-19 February 2025

Reference: Ashforth et al., “Aerospace structural bonding: Qualification, quality
control, substantiation, and risk mitigation,” Advances in Structural Adhesive

I process va rlations Wlthln each Of the Constltuents I Bonding, 2nd Edition, Editor: David A. Dillard, Imprint: Elsevier, Published



Structural Bonding Process Specification

Structural Bonding performance is driven by manufacturing process and materials
- The materials and manufacturing processes need to be specified (AC21-26A)

- Defined Range of process window: most influencing parameters need to be
specified for bonding process in installation specification:

- Curing Time: Min and Max time: Not less than 24H for curing at RT

- Curing T°C: Min and Max

- Humidity rate to process bonding: Min and Max 18.3%9
- Asareminder:

Room T°C
I

N AC 21-26A

i
1
1
1
I

v

— Higher Curing Temperature, Faster cure

46% 63%
- Higher Moisture, Faster cure Max %rh
i oo Y L
Failure modes & location in Test: |‘ﬁ | "ﬁ NE [ |
=>» Critical failures modes out of bonding joint are generally N ]I — '|§ B ' | Ij '|
preferred (lower sensitivity to manufacturing process) I-B Lﬂ ! il
=>» Adhesion failure modes are unacceptable (AMC 20-29) Cohesive  Cohesive Near = Adhesionor = Adherent
) Failure Interface Failure | Interfacial Failurei Failure

Unacceptable

EEEASA
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General Requirements for Structural Bonding

->

27/29.301.: Critical loading conditions in the bonded joint
should be defined

27/29.303: 1.5 Safety factor on limit loads

27/29.305: Static Strength: No failure at ultimate loads,
full reversibility of strains up to limit loads

27/29.307: Proof of structure

If demonstration is done by test only on a single test
article, the test article should be representative of lower

bound for:

- Design, tolerances (e.g. bondline thickness)

- Manufacturing process: at the boundary of process
window specified in installation specification

- Materials properties: materials variability may be
covered by an overload factor applied on UL

- Environmental conditions: Extreme environmental

conditions should be considered in demonstration

- 27/29.601: Design: The suitability of each questionable design
detail and part must be established by tests
>  27/29.603: Materials
- Materials used should be listed and qualified
-  Effect of Environmental conditions must be considered
- 27/29.605: Fabrication Methods
- Installation procedure needs to specify bonding process
- Process window for bonding needs to be defined
- 27/29.613: Variability to be considered in design values, and/or
in test
- From Materials (batch)
- From Manufacturing process
- From Design
- 27/29.1529: Installation specification should be part of ICA,

including inspection intervals

EEEASA

—

%
4
O

For any design change involving structural
bonding, general requirements are applicable

:
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Specific Requirements for Structural Bonding

— Critical bonded joint: A load bearing bonded joint whose integrity is essential in maintaining the overall flight
safety of the aircraft - AMC 20-29

- AMC 20-29 addresses Large Damage Capability for any critical bonded joint

Reminds intent of CS23.573(a)(5) for damage tolerance substantiation of structure with bonded joints
Mitigates the lack of reliability of inspection methods to detect a weak bond

Applicable to bonded repair 2 CM-S-005 “Bonded Repair Size Limits”

Direct and indirect failure effects should be considered for criticality assessment of bonded joint

N 2R\ N2

Large Damage Capability in bonded structure (and repairs)
means demonstrating that when a disbond exists between
arresting features, the remaining structure can still hold
limit loads.

- Cat 3 damage in threat assessment

- Fatigue evaluation with large disbond may be
needed for mission completion

EEEASA
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Large Damage Capability in bonded structure (and repairs)
means demonstrating that when a large disbond exists, the
remaining structure can still hold limit loads.

- Disbond size should be reliably detected during
inspection from maintenance manual

- Support selection of B-values for bonded joint
design values (27/29.613)



Specific Requirements for Structural Bonding

CS27/29.573, — Large Damage Capability is
AC27/29.573, AMC 20-29 expected for any critical
F&DT eva|uati0n bonded joint
Threat Assessment, including cat 1, 2, - Applicable to bonded repair
3 and 4 damages (AMC 20-29)
« e v e — —> Design redundancies are
Cat1l damageS.“_zayn_a_rat 2 damages {:léf‘n_:)_] Cat 3 damage needed to evidence large
Fatigue + UL as Fatigue + > LL as Large Damage damage capability
RRS RRS between arresting
| | features + LLas RRS | - NO STRUCTURAL BONDING
_ . faNp ) . + Fatigue for mission JOINT as SLP PSE, unless
Retirement Time 7™~ Inspection completion other design solutions are
in ALS Intervals in ALS shown to be impractical

EASA Rotorcraft Structures Workshop 18-19 February 2025



Summary: Structural Bonding Certification

/Durability of bonded joint of PSE — Compliance with 27/29.573 N
% Large Damage Capability (AMC 20-29) for critical bonded joints and bonded repairs
’ TAL ROTORELADE _3 v LL capability with large disbond
g v Design redundancies are needed to evidence LDC : No structural bonding
. - as SLP PSE, unless other design solutions are shown to be impractical )
[
z =
2 Proof of structure 27/29.307
v Demonstration at component assembly level
: v' Representative loading conditions on test article
A .. 5 v" Test article manufactured at the boundary of process window (27/29.605)
[ \ v" Consideration of effects of environmental conditions (27/29.603)
P ) \ v" Consideration of variability of design, materials and processes (27/29.613)
« WEB \ ) .
3 I S —— A © t2/( Qualification of Bonding System (27/29.603/605, AC21-26A)
g ," L v Definition and qualification of the full bonding system
& \
e /' EE  EE R \ v' Specification of bonding process including tolerances
/B 5 [0 [ _‘: v' Repeatable and acceptable failure modes / repeatable failure locations
EEEASA
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« One Damage, One Method,
One Threshold »
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Background

—> The following slides intend to provide recommendations for selecting the appropriate inspection
methods for compliance demonstration of composite structures (AMC 20-29, AC 21-26A)

—  During manufacturing of parts to be tested (pre TC)
—  During certification tests (no growth of cat 1 & cat 2 damages, cat 1 manufacturing flaws)
—  During manufacturing of parts and critical joints (post TC)

—> EASA does not approve inspection methods, but quality system
— A general reminder: only what is known can be evaluated: if no inspection, no pb (yet) !

POUR L'INSTANT,
L NQAPAS
DE DANGER .

“So far so good...”

EASA Rotorcraft Structures Workshop 18-19 February 2025




Damage Detectability

Source: C. Fualdes, FAA Workshop for Composite Damage
Tolerance and Maintenance, Chicago, July 19-21, 2006

- Damage detectability in service should typically rely on visual inspection (DET, GVI) for any exposed external surface

ACA43-204(*)

(2 Advisory
U.S. Department ci rc u Ia r

of Transportation

Federal Aviation
Administration

Subject: VISUAL INSPECTION FOR Date 8/14/97 ACNo: 43-204
IRCRAFT Initiated by: AFS-350 Change;

1. PURPOSE. This advisory circular (AC) provides technical in-
formation to persons conducting a visual inspection of aircraft.
The procedures presented in this AC are an acceptable means, but
mot the only acceptable means, for conducting visual inspections
and inspection programs. Where the aircraft, engine, propeller,
er appliance manufacturer has published a recommended inspection
schedule or program for a particular aircraft, that program

should take precedence over the recommendations of this AC

2. REL READ: TERTAL
a. AC 20-37D, Aircraft Metal Propeller Maintenance.
b. AC 43-3, Nondestructive Testing in Aircraft.
c AC 43-47, Corrosion Control fer Aircraft
d. AC 43-7, Ultrasonic Testing for Aircraft.
©. AC 43-12A, Preventive Maintenance.

; AC 43.13-1a, Acceptable Methods, Techniques and
Practices--Aircraft Inspection and Repair.

(P —a@dh—

Richard 0. Gordon
Acting Deputy Director, Flight Standards Service

Atrgresomrred Confbt ad roptey docmert.

1.1- Damage detectability

[ Supporting tests and analysis and in-service survey ]

DET Inspection

=Detection of on different
white, grey. blue or green paint, primer)
=Duration of inspection : not limited
=Distance of inspection : 50 cm
=Lighting condition : available lighting+grazing light (if required)
=Several impactor diameter : 6mm and 16mm

=A total of 902 inspections

GVI Inspection

=Inspection on large panel (8m*1.2 m)

=Two configurations : horizontal or vertical panels
=Distance of inspection : 1m

=Duration of inspection : 30sec/panel

=Artificial lighting representative of Natural daylight

=Several impacts on painted panel: from 0.3mm deep to perforation

=Several impactor diameter : from 6 to 120mm
A total of 240 inspections

- In some cases, other methods may be used for inspections in service
- The next slides are focused on manufacturing inspections and DT tests monitoring
- Maintenance inspections and link with SRM (ADL, CDT, ..) are not addressed here

EEEASA
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ite panels (size: from 100*100mm to 0.8m?, painted or not, glossy or mat,

FORBVID
TRANSVERSE IMPACT

(*) Cancelled, but as reference



Why inspecting composite parts?

- “Zero defect” does not exist in composite or metal, the acceptance quality level/ quality control plan should
ensure the expected performance (AC 21-26A) and conformity with type design

- Definition of acceptable criteria for cat 1 damage (AMC 20-29) is key:
- To allow some tolerance in manufacturing
- To design damage tolerant parts for in-service events with adequate ADL and UL capability
- Relevant inspection method should be selected for:
- Definition of cat 1 damages in manufacturing and in certification tests
- Definition of cat 2 damages in maintenance and in certification tests

- Quantification of damage before & after impact during certification tests and before & after residual strength
test, for any damage category

— Tap test and US inspection cannot detect the same information

— Tap test is adequate for thin part to check qualitatively the absence of surface delamination. It is not
seen adequate to quantify a delamination when found.

— US inspection is highly recommended for:
- Thick parts (blades, hubs) & joints as PSE
- Quantification of delaminated area or disbond
E4EASA - Monitoring (no) growth of damage during certification tests




Inspection Method Selection

“Tell me what you want to detect and | will tell you which inspection

method to be used” |
- Inspection method selection should be done depending on type of 7
damage/threat, part design (thickness, shape)
- Inspection thresholds are different between inspection methods
(typically 600mm? for tap test, 36mm? for US) 3

- Beyond 2-3 mm thickness, tap test is not reliable to detect a E
delamination - .

=>» The inspection method (and threshold) in manufacturing should be selected depending on
flaws considered in design values (cat 1)

=>» NDI pass/fail criteria is unique to each application / part = requires unique calibration

=>» Inspection method selected for no growth / growth of damage should be US inspection: not
enough precision of tap test to assess (no) growth of damage

EASA Rotorcraft Structures Workshop 18-19 February 2025



Inspection Method Selection

All Surface Damage only
Monolithic Drying, resin pockets, thickness, dimensions
Sandwich Honeycomb offset, taper subsidence, telegraphing
Thin Laminate Surface delamination, disbond
Sandwich Skin to core delamination/disbond (thin skin)
Monolithic Delaminations/Disbond, porosities and voids

Monolithic  Delamination, disbond, voids and porosities, waviness
Sandwich Core: Crushed/Damaged/Water Impregnated
Skin to core delamination and disbond

All Disbonds/ Delaminations
Sandwich Water Impregnated Core
All Disbonds/ Delamination, ply edge
Sandwich  Crushed Core /Water Impregnated Core, insert filling,
inserts

Typical composite flaws

Voids & Porosities  Scratches and Print Hole delamination

Waviness

Source: E. Dupuy, Airbus, JEC Conference —18th of May
2017, Ecole Normale Supérieure Paris-Saclay

=» Adequate inspection method should be selected for each detrimental flaw in quality control plan
=>» Inspection threshold depends on method/application/damage or flaw

EA)A Rotorcraft Structures Workshop 18-19 February 2025



Example: Automated Ultrasonic Testing: A-B-C-S-scan images
(Technique: Phased Array; Mode: Pulse-Echo), Carbon Fiber Solid Laminate

Laminate thickness

Courtesy of Leonardo Helicopters in sound area
A
3 S-scan ||
Sound area \ ; is (crc!ss
(blue) Yo =] sec;lon

Discontinuitie
s
(red areas)

T AL Y
. e v MW'MM'- 'w-wt N

Laminate thickness e & e ey ey

in sound area

Ll A W '
Y u-..- n‘- -qpua Wi T W A I‘\‘M\n .
- e e a-.\-.....-u—.-d‘m

| - 5
. .n-c.-.... ..--“*-a.-w»r -«-—fm
" ¥ hmom

B-scan
(longitudinal section)

EEEASA




Take away

— Inspections are key for composite applications as the quality obtained is highly
driven by processing parameters and tolerances

— Design values should take into account cat 1 damages (impact and
manufacturing flaws) to cover quality acceptance level achieved

— Inspection methods should be selected depending on flaw type, size and part
type, thickness and shape

—  In manufacturing, to assess conformity of part vs type design and detect
flaws beyond criteria

-  For certification tests monitoring (all scales)
Inspection plan should be defined during development, not during certification !
Critical joints / parts should be 100% US inspected on all products !

NN\ Z

The objective should be to select the inspection method able to detect what , _
could be detrimental regarding structural performance — not the one with the
lowest detectability threshold !

- Inspecting composite parts represents a cost: no cost savings in long term !

EASA Rotorcraft Structures Workshop 18-19 February 2025
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EASA Webinar
- 26 of March, 3pm-5pm CET

— Registration open, free of charge E A SA

— Invitation Only (I|nk will be sent OUt) European Union Aviation Safety Agency

—> Awareness session

—> Composite Working Groups and
Initiatives supported by EASA

— CMH-17 Updates (Vol 3. and Vol 6.)

Composite Introduction
Initiatives to CMH17
- https://www.easa.europa.eu/en/newsroom-and- involving EASA updates

events/events/composite-initiatives-involving-easa-and-
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