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GENEX goals

New end-to-end digital framework for optimized manufacturing and maintenance of next generation
aircraft composite structures

To produce eco-efficient materials and
processes, monitoring systems, and numeri-
cal models supporting advanced manufac-

turing of composite aircraft components. Amulﬁ-discip“nary

digital twin enabling data
management across the
entire lifecycle of the
next-generation aircraft
composite structures

To develop pioneering digital-based
processes and tools to optimize mainte-
nance and repair operations while assisting
the digital transformation of composite repair.
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About GENEX
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GENEX technologies
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GENEX technologies
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Visual assisted Portable LIBS Online control of Smart bondlines
scarfing cleaning system repair heating
process

Deviation of target

.....

I Laser
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i GMI
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GENEX solution
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GENEX technologies
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GENEX technology transfer to the industry
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GEN

Main Objectives

_ Motorized
». mirror

This WP is aimed at developing new digital-based processes and tools to support, automating and improving
the efficiency and performance of repairing operations applied during the bonded scarf repair of composite
laminate prototypes, specifically to develop...

... an advanced and customizable visual assistance system to support manual scarf repair operations in order to
indicate the operator the deviation between the actual and the nominal scarf geometry.

... a novel laser-assisted coupled with laser-induced breakdown spectroscopy module for advanced cleaning and
improved control of surface preparation enabling an optimum bonding of the composite patch.

... innovative digital-based methodologies for improved design of the composite repair heating blanket and
enabling adaptative control of the repair heating process.

... a smart composite repair patch for detecting and stopping cracks to ensure the integrity and quality of the
repair patch during the lifetime of the aircraft structure.
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Structure & Participants

WP4
Digitally-assisted repair
processes and tools

T4.1 T4.2
Visual assistance system for Laser-ablation system coupled
manual composite scarf with LIBS module for surface
repair preparation of scarf repair

T4.3 T4.4
Digital transformative Smart bonded composite
composite repair heating repair solution

Funded by
the European Union
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» 30% reduction of repairing time due to process digitalization and improved performance of composite repair

* Up to 40% increase of the fatigue resistance of adhesively bonded joints by combining advanced AR tools and laser
ablation surface systems, enhanced heating repair and smart control of the repair joint.

Funded by
the European Union
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T 4.1 — Motivation

Complex,
time consuming

Genex

Robotic Automation
- no business case
- high invest and labor costs

Assistance System for

the laborer

— complex scarfs

— curved geometries

— Large repairs

— Support for additional
processes

Funded by
the European Union




QGE N

T4.1 —Assessment of hardware

Zeiss ATOS 5

* Scanning and projection in one system

e Dust proof housing for commercial use

* Mobile system for in field repair operation
* Flexible and adaptive software interface

e Suitable field of view for repair purposes

20 Funded by

the European Union




T4.1 — User Interface development

User Interface development Test
@ Surface scan —
coded with reference points
Input of scarf details

Calculation of nominal geometry

Calculation deviation and contour lines

Project result on surface

ONONONO

21

E Eingabe

Lénge der Elipse (um Defekt)
‘30.(!1 mm

Breite der Elipse (um Defekt)
' 28,99 mm

Materialstarke Bauteil

:3.(?0 mm .
Offset Auszuschaftender Bereich (um Elipse)
'60.00 mm :]

OK | | Abbrechen |
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T4.1 - Pilot Test 1

B

Vs,

In-situ deviation analysis

-
o |

Abweichung zum Soll

mm
0.7Smm
0.5mm
0Amm

Baseline Process With digital Assistance

mmmmm

X I <0.2mm
-0,24men
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Defining the Data Reference

L Deta I | I n g t h e re q u I red I n p ut fl |es No.H MName-of-Signal/-Data-Sourcen Comments E
10 VAS_C5_LOCH Local-Coordinate-System-C5-for-Positions-of-geometrys &
pi- VAS_OUTER_CONTOQUR_DEFINITION= Quter-Definition-ofrepair-contourin-locals-C5-as-splinex i
an VAS_INNER_CONTOUR_DEFINITIONH INMER-Definition-of-repair-contourin-locals-Cs-as-splinen E
40 VAS_ASBUILD _MEASUREMENT _IMGH Deviation-of-as-build-geometry-and-target-geometry-as-images &l
° D ef | n | n g t h e ou t p ut d ata 5 VAS_ORIGINAL_GEGEMTRYH Scanned-geometry-of-repairsiten "
6H VAS_ASBUILD_MEASUREMENT_GEOMETRYR Scanned-geometry-after-process-endsa o
Ta VAS_C5_LOC_REFERENCE_POINTSH List-of-Reference-points-used-for-processa &
&n 10 VAS_C5_LOCH ASCIl,-3-Points:-ORIGIN-P1,-X_AXIS-P2,-Y_AXIS_-P3u v
q 2r VAS_OUTER_CONTOUR_DEFINITION= ASCIl, List-of-Points-as-*.csva i
3d VAS_INNER_CONTOUR_DEFINITION= ASCIl, List-of-Points-as-*.csva i
4n VAS_ASBUILD_MEASUREMENT_IMGR Binaryimage,jpgn I
5H VAC _NDICIMAL CCACIATOVR ACrI % ekl _brinmmnlabndcnrFaran b
No.a Name-of-Signal./-Data-Sourcen Descriptionn I
:2 :i 10 VAS_C5_LOCH Local-Coordinate-System-CS-for-Positions-of-geometrys i
20 VAS_OUTER_CONTOUR_DEFINITION= Outer-Definition-of-repair-contour-in-locals-Cs-as-splinen i
s vA 3n VAS_INNER_CONTOUR_DEFINITION= INMER-Definition-of-repair-contour-in-locals-C5-as-spliner I
i 48 - VAT ACDIINI M MACACIHINCRACKT 1AA5 Naviakian.Aaf e huildiasamakaeand barask anamaknnacimanae I
en No.| MName-of-Signal-/-Data-Sources Sizen
en | 17 VAS_CS_LOCH ~1kba
e 20 VAS_OUTER_CONTOUR_DEFINITION= ~10kba
(8n 35 WAS_INNER_CONTOUR_DEFINITION= ~10kba
- An VAS_ASBUILD_MEASUREMENT_IMGH ~2:Mbr
5H VAS_ORIGINAL_GEQEMTRYH Typical-Resolution-~8Gb-per-m”2--=-More-coarse-possiblen
61 VAS_ASBUILD_MEASUREMENT_GEOMETRYH Typical-Resolution-=~8Gb-perm”2--=Mare-coarse-possiblen
TR WVAS _C5_LOC_REFERENCE_POINTSH ~1kbr
8n VAS_SENSOR_TYPER ~1kbr
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T4.1 —-M24 — Software User Interface

-

* Defining a workflow for different repair types

e circlular; elliptical, rectangle and non
geometrical

 either linear or stepped

* Developing the user Interface
| Mongeometrical scarf

* Bug fixing

GOM-Taster GOM-function

QK Abbrechen

24

| [&] Scarf X

> T TG T

Circle |

Rectangle Mongeometrical

Ellipse |

Linear Stepped
0K Abbrechen
@ Alignment X 4
® Punkt 1
. ) | ¢ Center
‘ . “ Area
~ ® punkt 2
Referencepoints Point selection | Center between two points

oK Abbrechen
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T4.1 —-M24 - Improving the automatic scarf generation

(1) (2) (3) (4) (5)

Scanned surface

Projected surface curves matched to scarf ratio
Point cloud of scarf contour

Point cloud of repair ground

AR

Exportable CAD scarf contour

S Funded by
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* Implementing a supported | o
p atc h p | a Ce m e nt fe at u re Would you ||;:r:j(p0rtthe cont|ours of the I;e::s a |GES file? ‘ e thickness of a layer? :
* Automatic generation of ply ok N recen

cutting files

* Projection of Ply contour
and orientation

(1) (2)

Funded by
the European Union

26




T4.1 — M24 — Export possibilities

* Working on report and data export
functionality

e CAD export of scarf contour
* PDF report during scarfing

Name Anderungsdatum Typ Grofle
[7) Layer0iigs 09.09.2024 09:54 IGS-Datei 45KB
[7] Layer 1.igs 09.09.2024 09:54 IGS-Datei 19KB
[ Layer 2.igs 09.09.2024 09:54 IGS-Datei 18 K8
[) Layer 3.igs 09.09.2024 09:54 IGS-Datei 20KB
[ Layer4.igs 09.09.2024 09:54 IGS-Datei 22KB
[ Layer 5.igs 09.09.2024 09:54 IGS-Datei 24K8B
[ Layer6.igs 09.09.2024 09:54 IGS-Datei 27KB
[7) scan.refxml 09.09.2024 09:52 REFXML-Datei 10KB

Funded by
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T4.1 - M24 - Lab-Scale test

e System trials and verification
with predefined scarf structure

* tests with augmented reality

e curved CFRP panel for further
testing in constrution

Funded by

28
the European Union
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Application of FOSS to scarf-repairs

* Aim: Integrating fiberoptic sensors into
a composite patch repair

* integration on the surface through secondary
bonding

* integration directly into the bonding line
between patch and workpiece

ODISI system

30

application on top of the repair patch

application inside the bondline

Funded by
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Application of FOSS to scarf-repairs

* Aim: Integrating fiberoptic sensors into
a composite patch repair

* integration on the surface through secondary

bonding Application of FOSS on the surface of Scarf
* integration directly into the bonding line bond via secondary bonding
between patch and workpiece

Damage in bond

e

Application of FOSS inside
Adhesive bond

Funded by
the European Union
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Application of FOSS to scarf-repairs

* Integrating fiberoptic sensors into a 4 é
composite patch repair :

* |dentifying damages inside scarfed
adhesive joint

strain

sensor length

32 Funded by

B the European Union




sensor strain - tension and bending load T

* Integrating fiberoptic sensors into a Bonding line clearly visible
composite patch repair / as strain peak

* |dentifying damages inside scarfed
adhesive joint

strain

* Practical application of FOSS on top of
scarfed adhesive joints

sensor point

268,60

8~ 2058,59

| FOS applied on surface

2000,00

1000,00

Funded by
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Application of FOSS to scarf-repairs

* Integrating fiberoptic sensors into a
composite patch repair

* |dentifying damages inside scarfed
adhesive joint

* Practical application of FOSS on top of
scarfed adhesive joints

* |dentifying damaged joints F M

sensor strain - damaged vs. undamaged

Damaged bond clearly has a

/ higher strain peak

strain

sensor length

Funded by
the European Union
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Moulding tool for manufacturing of
curved carbon fiber plate

Funded by
the European Union
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Application of FOSS to scarf-repairs

* Manufacturing of a proper patch repair
* Equipping the patch repair with fiber
optic sensors FOS

* Introducing artificial disbond into the
adhesive bond

Artificcially introduced bondi
errors through inserti
seperating fil

Funded by
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Laser-Induced Breakdown Spectroscopy (LIBS)

Laser

Emission spectrum

Intensity

400 500 600
Wavelength (nm)

Laser ablation

* Provides information about chemical composition of sample

e Analysis of plasma generated during laser ablation
* Atomic emission spectroscopic technique for elemental analysis

38

LIBS system scheme

Focusing lens

—»

Mirror
Incoming laser

Plasma
emitted
light
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Development of a LIBS system for surface preparation verification

In GENEX, AIMEN will develop a system for surface preparation verification based on mapping the contaminants using LIBS-
based monitoring with the aim of guaranteeing the optimal repair conditions leading to optimum bonding of the repair
patch.

Surface prepared for repair LIBS analysis Verification of cleanliness of prepared surface

Collection Focusing lens
optics - @

Clean material

o
C
)

| ,
N ! A A
e ‘\’-L/"b'w«n,/ L L

Contamination

Laser ablation

Funded by
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GEN
&

T4.2 Laser-ablation system coupled with LIBS module for surface preparation of scarf repair Lead:
AIMEN; Partners: GMI, ZIEG) (M4-M30).

* Design of portable system

Guiding \ \
= mirrors Il "\ N\

XYZ gantry

. . Laser safety
* Mechanical, electrical and overall system

enclosure

integration of components N\ S N spectrometer
* Optomechanical design of laser path

and collection optics

: Focusing

Supporting N \
optics

* Accesibility and safety considerations
structure

access to samples

Funded by
the European Union
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T4.2 Laser-ablation system coupled with LIBS module for surface preparation of scarf repair (Lead:
AIMEN; Partners: GMI, ZIEG) (M4-M30).

* Portable LIBS system — machine concept

XYZ gantry Laser incl. Spectrometer

attenuator
Triggers .
| Synchronizes
aser, ron
regulates acquisition
Commands XYZ energy
position

XYZ gantry

L fet
systefii aser safety

enclosure

Software

Localization Focus Acquires and Presents

on sample verification analyzes spectra results

; Focusing

= optics
Aperture for
access to samples

Camera vision

Supporting
structure

Distance sensor

Funded by
the European Union




* Assembly and testing of the LIBS system: lab setup prior system integration

* Testing individual components
* Design and testing of optical path and
alignment procedure for process and

acquisition

* Integration of gantry system, laser,
spectrometer and measurement devices
(distance sensor and camera)

e LIBS testing using dedicated GENEX equipment

Funded by
the European Union




* Tests at lab LIBS system Field spectrometers tests

Field spectrometer

— Comparative tests of

oil
—— degreaser

s different collection systems

Laser
focusing
optics

40000+

300001

200001

Intensity (counts)

10000 m ‘/v,‘l(' ‘ I
. "2 B B |

00 650 700

550 6
Wavelength (nm)

Fundamental plasma studies

Clean sample Contaminated sample

Funded by
the European Union




e Compatibility with demo

Proposed demo part
e Aprox. dimensions (GMI):
* Area: 700 x 700 mm
* Radius of curvature: 2-3 m

i = _ ik
i
™ 1 I
@ =
\
35
,: 7= = E
- e ik
il o
A 30.863mm

Z-axis range of gantry system = #35 mm -> height difference of
demo can be compensated

Funded by
the European Union




* Integration into the Genex loT platform

Analysis of contamination status
Portable LIBS system on selected interrogation points

Matrix of results (.csv)

X1 X2 X3
Clean material

, f‘ Y2 oK oK oK GENEX

| < 1'\-‘ y|

Contamination

Y1 OK OK OK

Image as reference of
coordinate system (bmp?)

Funded by
the European Union
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Initial approach for scarf repair

Goal: Define a methodology to design optimal heating blanket geometries for customized repairs.

Numerical model definition:

* Geometric definition of the scarf (with layer orientation)
* Adhesive/resin curing process definition

* Material thermal properties (Conductivity, heat capacity and density
with orientations)

* Heating sources properties (Heat flux)

* External conditions (Natural convection)

Simplify numerical model to reduce computational
cost.

l

Run a large number of simulations (DoE) to cover the
full range of possible repair scenarios.

47 Funded by

the European Union

Result: A ROM (reduced order model) to compute in real time the repair model that will give the-
optimal blanket design for a particular repair.
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A thermal conduction FE 2D model of a cross-section of the repair area
was validated with experimental data of a horizontal repair. The model
was able to runin 3s.

A DoE of 500 simulations was defined, parameterized and run.

From the DoE results, a reduced order model (ROM) was trained to
determine in real time the temperature field distribution. Poor behaviour
with stringer position was detected.

This model was not able to account for temperature gradients caused by
hot air rise when the repair plane is different from the horizontal.

A CFD model was built and run for several repair angles in order to
characterize the influence of the fluid temperature in the convection
coefficient.

Geometry

Funded by
the European Union




Cost efficient simulation of the repair process

e Convection coefficient are calculated from the temperatures and
heat fluxes normal to the external surfaces of the solids A DoE of 500
simulations was defined, parameterized and run.

q = h(T — Trey)

* Multi linear adjustment of the convection coefficient

e This convection behavior has been implemented in a user subroutine
and included in the FEM simulation

* The behaviour of the air conductivity inside the stringer was
modelled.

kA
Q= T(Tl - Tz)

Funded by

49
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* Objective: Obtain experimental results to validate the numerical results

e Tests configuration: Horizontal configuration Vertical configuration

Thermocouple's locations

43mm ! 43mm

! 4 ; ;
! < 80mm________ > 80mm >
! 93mm .
- 23mm > >
- @67 @bs8 @ B9
E Insulation
@ B1 @62 ! ® B3 :
i Heating Blanket i i i
Al ! Ad | A
vA7 L) ' ® ALl
External Panel Surface
150 100
140 @0
®A9 130
! 120 80
110 0
— 100 Al
e
5 % 60 A2
80
‘g 50 A3
g 70
£ 60 0 A4
= 50
o 20 A5
= = = Setpoint
30 20
20 % Z1 Power
10
10
0 0
5 O o] 10 20 30 40 50 60 70 80 90 100
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Cost efficient simulation of the repair process - Validation

180° - Modified model

160

e The behaviour of the hot air inferred from the CFD analysis
was included in the 2D FEM simulations to account in a
cost-efficient way for the repair slope

Temperature [2C]

Insulation
Blanket_up
Base_up
Base_down
Stringer
Insulation
Blanket_up
Base_up
Base_down+stringer

-0.3 -0.2 0.1 0 01 02 03

Funded by
the European Union
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Technical progress: Digitally assisted blanket design

DoE:

From the preliminary DoE we concluded that a larger amount of data was required, specially in the data concerning the stringer
position. Thus, the new DoE has been designed in the following way:

M Max 50| oo s o2
External Temperature -10 30 -
Surface thickness 1 5
250 A
Stringer thickness 1 3 a
@ 200 A
Stringer wing length 15 40 T
L 150
Stringer core length 15 40 £
100
Insulation thickness 3 6
50 -
Repair Diameter 50 400
0-
Stringer position -1 1 ' . . . ' ' . '
0 50 100 150 200 250 300 350
Slope 0 180 Input temp
53 2732 420016 = 4352 Funded by
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Application of the control algorithm to a real type repair scenario :

The Demonstrator component provided by Aernnova lllescas, will be repaired with the assistance of new digital-based solutions for
automated hot bonding with customized heating blankets and on-line control of the repair bonding process.

The application of the developed algorithm will require to install specific and compatible hardware to receive all the real-time data
(temperature, power) which are transmitted from the ANITA hot bonder using the loT platform.

Alongside the algorithm will be able to calculate in real time the optimal condition parameters and use them to re-program the heat
cycle of the repair process.

. heated area

omega stringer

/ N\

. repair area

repair
area

Skin panel

55 Funded by

the European Union




An advanced strategy for thermal control of the repair bonding process will be developed based on temperature control (ANITA89 hot
bonder-GMI), to optimize the heat generation and diffusion during composite repair. An optimized Model Predictive Control (MPC)
architecture, using surface mounted thermocouples as control sensors and heating blankets as heat suppliers (actuators) will be used.
The thermo-kinetic model developed in T4.1. will be used to ensure the complete curing of the entire patch area by controlling heat
supply based on real-time sensor’s data. Constraints to avoid overheating will be set by GMI and included in the control loop. A
perturbation observer based on a Kalman filter will be implemented to account for non-linear variable convection coefficients. The
design, control and data transfer tools will be validated on representative prototype in WP5 using CONDUCTOR®90 cuttable blankets.

56 Funded by

the European Union
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DIGITAL-PHYSICAL TWIN

Connecting ANITAs via WiFi or 5G, to transmit in real-time data to create “Replica” through:
* A second ANITA, identical to the “Original” repair (Physical Twin)
* Calculation of the Degree of Curing (DoC) applying corresponding material curing equations (Digital Twin).

* GENEX Digital Twin Model, which will also provide feedback for extension of curing cycle and / or increase of set

57

Temperature, to ensure appropriate DoC.

OVERALL SET UP
Original Anita

GMI
cloud server

@\ﬁ

5G
or WiFi or WiFi
Data of the complex repair
are sent to the cloud server
in real time 5G /WiFi

Aircraft location Transfert of numeric data

actual « Setpoint (head orders)

- Temperature and vacuum
probes values

Repair is duplicated
on real time to support
certification process

Manufacturer / MRO /
Airline location

Funded by
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4. Standards supporting the digital transformation of aviation

Spcoific challemges:

The fast-paced digital transformation observed in several industrial sectors is extending to
aviation and air transport. The need to anticipate the changes and evolutions of aviation
standards reguires timely and apstream investigation, through sewveral case stadies, of the
application of radically new concepts and processes for aviation prodocts, processes and
operations {such as machine-leaming technigues, “intemet of thing="). This includes developing
capabilitics such as tools and methods for design, =imulation (digital twinz), verification and
validation and their application to aircraft certification. regulatory approval and safetw
MONIOring processes.

Scope;

IThe targetod actions focus on specific safety issucs, for which no new tocchmological
development will be undertaken but, building on previous research and innovation actions, the
relevant changes to the avietion safety standards will be prepared and coordinated with
stakeholders:

o Develop a robust safety msk assessment methodology to support the identification and
consclhidation of safety hazards and their motigation using numerical tools (the “digical
twin® concept);

= [Prepare the roadmap for the next evolution(s) of airworthiness and maintenance standards

for new digital applications and wvalidate the new capabilities for the associated

performance and risk asscssment.

Contribution to EASA activities: Roadmap for the changes to aviation standards

Impact: ELUT preparedness for the deployment of digital innovation in aviation and air transport
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b EDX
HORIZON EUROPE

The New EU

Framework Programme for
Research and Innovation

2021-2027

Haorizon Ewrope - Work Programme 2027-2022
Climate, Enerpgy and Mobility

Resultz nocded by 20024

Legal entities:

European Union Aviation Safety Agency (EASA), Konrad—-Adenaver-Ufer 3; D-50668 Kaln;
Germany

Form of Funding: Indirectly managed actions

Twpe of Action: Inmdirectly managed action

Indicative timetable: 1st quarter 2022

Indicative budget: ELTR Z.10 million from the 2022 budget

Should we start preparing ourselves and our
organizations for the coming

Digital Transformation ?7??
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