¢ When the physical world meets, uniquely, the virtual world for a premium
manufacturing, maintenance, and repair approach of the next generation aircraft
composite structures 9
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3 *_and maintenance of next
generation aircraft compos-

About GENEX
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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. AmuHi-disciplinary

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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; * MFC sensor network * Multiphysics HPC simulation for data
GENEX solution o

A

* Wireless communication
e node * |A algorithms for damage detection
. - *~---____ -

,""' P .. . .
Digital T * Predictive models for delamination
' growth
! /{ '

o v
Recyclable resin with A
customizable Tg n ﬁ

. . Manufacturing .. .
Embedded piezoelectric Process Digital Twin I MRO Digital Twins

and FOS sensors ,@_ *
R
Degree of curing ?J:I, \ /
predictive models A
Cognitive Digital Twin
In-line curing control by > <
THz spectroscopy A

Digital twin of AFP
manufacturing process

Augmented reality for scarfing

LIBS for surface cleaning

Heating repair process digital twin

Smart adhesive bondlines

* Holistic platform of integrated digital twins

* Continuous bidirectional flux of information through the
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GENEX technologies

CF-3R tapes with ATL process window

customized Tg
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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

Deviation to nominal
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I Laser

1= l cleaning
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GENEX technologies

Cognitive Digital Twin
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State of the art vs. Visual assisted Scarfing

|
N
i oo
: e O Complex,
Manual scarfing L. o g e o oL
W > T | = Assistance System for
= = High skilled experience y
the laborer
State of the art Genex — complex scarfs
— curved geometries
" Robotic Automation — large repairs
- no business case — Support for additional
- high invest and labor costs processes
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Automated creation of the scarf geometry

Needs to work on curved and complex
geometries

Must be easy to use
Must be suitably for small and large repairs
Support for additional processes

Has to work in an on field environment

Funded by
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11

3D Scanning and projection in one system

Industrial available system
e Service around the world

Dust proof housing for commercial use
Mobile system for in field repair operation
Flexible and adaptive software interface
Suitable field of view for repair purposes

Implemented augmented reality feature using
USB Web Cam interface in Zeiss Software

M Funded by
BSAN the European Union




VAS - Software Interface

* High detail scarf contour using the original
surface geometry

e Automated repetitive scanning and deviation
analysis during scarfing

- - . ~

- . ~ ~
Y cirrriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiidiiiiiiiiiiididiiiiiiiididiiiiiiiiziizzza

@lelY .
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* Workflow assistance for different repair types

 circlular; elliptical, rectangle and non geometrical

e either linear or stepped

* User Interface for easy Usability

Eingabe X
Length of ellipse

_0.00 mm

Width of ellipse

.0.[I] mm

Material thickness

0.00 mm

Scarfratio

0.00 mm

13

Abbrechen |

Eingabe X
Length of ellipse
0.00 mm

Width of ellipse
0.00 mm
Material thickness
0.00 mm

Stepsize

0.00 mm
Layerthickness
0.00 mm

Abbrechen

. Nengeometrical scarf

A T

GOM-Taster

GOM-function

oK

Abbrechen

o

VAS - Software Interface

rd =
Scarf b4

> T o G O

Circle | Ellipse Rectangle Mongeometrical

|
== | &=

Linear Stepped

OK Abbrechen
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VAS - Lab-Scale test

e System trials and verification
with predefined scarf structure

* Augmented reality usability test

* Real structure test with
qualified personal is planned

Funded by
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VAS - Comparison between different display results

e Calculated deviation analysis * Augmented reality view

15

[mm]
3.00

2.40

1.60

0.80

0.00

-0.80

-1.60

-2.14

Projected results on original surface

Funded by
the European Union




‘ —

</ 0
DLR

* Automated generation of Ply cutting files

e Visual assisted Repair patch placement feature
* QOrientation
* Positioning

* Automated Data Uplink to Digital Twin and report generation

[J > Scarf Kiosk Interface > IGES-Expert > Iges files ges_files durchsuchen
TV Sortieren = Anzeigen
Name 2 Anderungsdstum e Grolle

L) LayerDiigs Date 45K

[ Layer 1.igs Dat K

M Layer2.igs 0.09.2124 09:54 55 Date 18 KR

) Layer 3.igs 99,00, 2024 554 GS-Date K
o D Layer 4igs Dat ¥
* [ Layer Sigs -Date 4
* [ Layer Giigs 55-Date 27K8
» _j Scan.refxml EFXML-Date K
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GENEX technology transfer to the industry

GENEX Advisory board
industrial

- partners - ‘
aemoe REASA

European Aviation Safety Agency
ZIEGLER"

AERCSPACE Guidelines for:

* MRO assessment

* Composite repair
certification

%] 4 oM

LCA/LCC
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Conclusion

* |ndustrial of the shelf hardware with worldwide support

* Fully automatic Scarf contour generation based on original surface
e Fully integrate User Interface

* Augmented reality ready

* First Labs scale test are successful

e Real structure tests are planned

UM Funded by
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