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22/12/1969:
Wing rupture during training
flight. Both pilots KIA with no
chance for ejecting



eIl Cause: Crack at the steel wing pivot fitting of
2 F-111
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Microphotograph of Crack Area .

gz GMI Flaw was not revealed during production NDT due to
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neighboring vertical elements masking the area
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Figure 1.1.1. Origin of the F-111 Wing Defect [Rudd. et al.. 1979]



.0 Application of Boron Patches to carry structural loads,
R BN “deviating” the flaw area, in order to significantly reduce K
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number 2 of the upper plate



i oM Advanced composite repairs
itte s to metallic parts on ATR aircraft by GMI Aero
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Repair of an ATR-72
aluminium floor beam
using a bonded carbon R
patch, performed in situ &
by GMI Aero, in
cooperation with the ATR
company.




JPTICAL FBRE STRAIN SENSNG SYSTEM

TUNED

Research & Innovation

|~ Straina —=— Strain b |

Strain a: Next to the crack tip _

Strain b: 10mm away from the crack tip /
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“Bonded Composite Repair
will find a way”

- Bremen E-LASS 29/1/2020
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GMI GMI Aero - 13 rue Georges Auric, 75019 Paris - France
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Bonded Composite Repair Methodologies -
Latest Advancements and Developments

George Kanterakis
Sarah Baglione

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.
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st GMI >30 years of experience
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® Fabrication and Repair of Composite Structures : Heating [
Systems, Process Models, Advanced Sensors, Advanced
Bonding, NDT, Surface treatment.

® Services : Engineering solutions at customer’s requests

® Research : for internal development & in Collaborative
Projects with European Constructors and Universities

® Consultancy & Training Worldwide : at GMI’s premises or
at customer’s facility



ade. GM GMI Aero : The Company...

* More than 30 years experience

 Team composed of 20 Engineers and

Technicians

* Departments of R&I, Production, Design & E:ﬁgquners .
Engineering managed by Researchers and i ! oo
Engineers of long experience and in depth
knowledge of all mechanical, sensors, and s
other physical aspects of this specialized ~ Chambery

science.

* Represented in the world through agents duly
trained (Asia, Central & South America, Middle -
East, Europe).

* Several agreements of equipment through
Airbus, ATR, Dassault, Bombardier, Boeing etc.

* Qualified ISO 9001:2015

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI 11




G GMI

Who are our customers ?
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Aircraft manufacturers, MRO Centers, OEMs, Airlines, Universities
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Typical Composite Repairs

. Extra ply

o Extra ply

— Repair plies

[ e Filler plies .—_
[ e —— Repair plies ‘\“"\::;\l = Film adhesive
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Patch repair
Extra ply __ Extraply
[ e C j

[ 1¢— ,_:_;;‘ Repair plies

Filler ply

— Repair plies

(optional)

Film adhesive
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Scarf patch repair
Scarf patch repair
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Filler ply Backup ply

Stepped repair

Replacement core

Core splice adhesive

Stepped repair
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Vacuum Bagging

Vacuum bagging

Vacuumhose Bagging film

\

Vacuumvalve

Bleeder

Release film

Breather
Peel ply Pressure

sensitivetape

Sealant

Flash tape Release film

Dam

The vacuum bagging technique can be used to improve the quality of composites produced
by the wet lay-up method. A bagging film is placed around the laid-up composite material
andis secured to the tool surface with sealant. Air is evacuated from the bag, leavingthe
composite under an external pressure of up to 1 atmosphere. This forces resin into any

remainingvoids and helps to ensure an even distribution. Higher viscosity resins can be used
in comparison to the wet lay-up technique.

This docume @




Repair Curing
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i GM Wide range of heating elements
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Heating Technology

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI 18
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FGH and SXH High Temperature Composite Curing Blankets

L B B L B B B R B BN N BE BN OB R BN BN B B N B N BN NE B B N R BN RN B NE B N N N

Product Highlights emperatures up fo

/ Designed for use with the newer high temperature & A
thermoplastic and polymide composite materials <5 >

o/ Highly flexible up fo a 1" (25mm) radius o %, 1100°F (593°C)

/ Compatfible with ACR® hot bonders and your current
equipment

v/ ERFES @

Specrﬁcahons
Heating element and a 17 (25mm) layer of high-density filberglass

is covered in an abrasion resistant floerglass cloth (FGH) or Samox®
cloth (SXH series)

* Maximum exposure temperature:
FGH series: 800°F (425°C)
SXH series: 1100°F (593°C)

* Power density: i
FGH series: 7 watts/in? (0.011 watts/mm?) y o
SXH series: 13 watts/in? (0.020 watts/mm?) 5

* Dielectric strength of cver 2000 volts

* Power cord é6-foot (1.8m) long with choice of power plug




siate. GMI Leslie mobile Workshop
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Surface Preparation - Innovative toolings have been designed to allow technicians
to perform easily typical works on carbon surface for patch installation

e

A complete set of tools for all tasks - Easy to handle and use - Presented in a complete Mobile Workshop

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI 20



b GMI Elisa U/S NDT Console
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sson|ljsive &) [0 o | Qles | X| & [48]<4E]

Ad

o Range of Calibration Specimens

Composite Repairs

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI 21




aabe G M OLGA Positive Pressure Application

Repairs using OLGA patch preparation (to overcome
porosity issues) and secondary bonding on aircraft

\ bz Lidd
\\ 6’;\ e al=

Bladder inflated

/2018 This document should not be disseminated or reproduced, either partially or in whole, without the written authorization
This document should not be disseminated or reproduced, either p@&t@ﬂxl%é@dfyhole, without the written authorization of GMI 2222



i GM GILDA Phosphoric Anodizing
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Flow out of

Aluminium
VACUUM PUMP External Sealing Bag
Flow from
Bottles to the Poach

y |
HPO4 H20

FRESH Power System




isde. GM Autoclaves & Ovens
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_ _ _ o Model standard of internal dimensions
Various dimensions and specifications 25x25x4m

Fully controlled by our computers Fully equipped.

GMIANIFIB With vacuum system
With GMI ANIFIB Computer control

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI 24



eIl Autoclave Control: ANIFIB Software
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GMI autoclaves are controlled by our system T —

ANIFIB ™ that offers several unique s

solutions: e e

The ANIFIB ™ system is composed of two = A I

sub-systems: s g oo S

a) An Industrial Computer called itself T ..
ANIFIB and which is mounted near the S e | ol | 2
oven/autoclave. s e e

b) A PC linked to the ANIFIB ™
computer as a supervisory station with cycle
programming and supervisory software.
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st GMI Example of Autoclaves Installation
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With Anifib, GMI has developed an activity of autoclave control.
Helping companies ease their production process and qualify it.

We are now turning to a development of Industry 4.0

ar B & > ) . ) e Sy |

-This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GM| 26



siben. GMI Research & Innovation
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Participation in more than 30 EU Research Programs
focusing on bonded composite repairs

FP5, FP6, FP7, H2020, Cleansky, Cleansky 2,
Research for the Benefit of SMEs, Eurostars, EUROGIA+,
Ten (10) Cleansky & Cleansky 2 R&D Projects

In cooperation with : Co-funded by:
f” A | -
AlRBUS ' LEONARDOO 4’@2& == 7 @
. \!‘.51}’ f 4 SETHIEMEROR  eyrostars™
4 DASSAULT \k’ SAFRAN - PROGRAMME

AIRCRAFT EMGINES
EUROGIA +

ATIR  hos’

A EUREKA initiative

GMI R&D Activities 1997 - 2020

LK

cteansky  Clean Sky

58 Research Papers
‘Revolutionizing Aircraft Materials and Processes”, Edited by Sp.Pantelakis and K.Tserpes
Chapter: “Bonded Repair of Composite Structures”

G. Kanterakis, R. Chemama, K. Kitsianos

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI 27
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H2020: MG.1.1+2014.-RIA 636494-2
Quality assurance concepts for adhesive bonding of aircraft composite
structures by advanced NDT - ComBoNDT
Consortium: Fraunhofer IFAM, EADS, CNRS, UoP, ASTRIUM, EASN

Research & Innovation / Main Projects

State of the art

ENDT techniques can detect:

+ Single surface
contaminations (pre-
bond) on simple sample
geometries

* Weak bonds due to single
contaminations/poorly
cured adhesive (post-
bond) on simple
geometries

1st step

'-Ea. ?é"

Maturation of ENDT
techniques to detect:

Different multliple surface
contaminations down to a
certain threshold value
(pre-bond) on test
coupons

Weak bonds due to
multiple contaminations/
poorly cured adhesive
(post-bond) on test
coupons

2d step

Adaptation and improvement

of ENDT in terms of:

Pre-bond/post-bond
inspection on pilot samples
with realistic geometries

Automation and
industrialization of ENDT
techniques, including its
use on a demonstrator and
automated data evaluation

Validation of measuring
ractilte/roiind robin tact

Final
results/innovations of

Validated ENDT techniques

for:

+ Surface quality assurance
(pre-bond)

+ Adhesive bondline quality
assurance (post-bond)

...for integration into future
adhesive bonding processes



e GM Research & Innovation / Main Projects
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Cleansky 2: AIR-02-05-686701

Novel Processes & Equipment in Composite Repair Technology - NEWCORT

Topic Manager : Airbus
| NN

\

Validation of selected solutions based | P
. _ . : WP5S
on aeronautical qualification process ¢
Demonstration of performance of WP4 e,
proposed innovations o vaseneneet
Development of novel repair WPZS .
processes and equipment
Definition of novel repair processes
and equipment requirements

wr1 o

————— X B s GMI commercially available Composite NEWCORT Partners’ R&D projects
ESC— . . . . . \
= L S Repair Equipment and Solutions in Bonded Composite Repairs
* : Y& (110-page equipment catalogue) (~20 R&D prajects)




. GM Research & Innovation / Main Projects
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Cleansky 2: AIR-03-02-831882 %

Non-destructive testing (NDT) of bonded assemblies-

SealedWithoutAKiss SealedwithoUTaKiss

Topic Manager : Dassault Aviation

o Migchanical testing
> o Performed by: TWI, BUL

1 I

B — W W, Wy w—

bt
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GMI

Latest innovations related to

bonded composite repair application

Participation to EU Research Programs Brite Euram (FP5), FP6, FP7, H2020,
Cleansky JTI, Research for the Benefit of SMEs, Eurostars & EUROGIA+

Innovation Description

Challenges answered

Of-Autoclave curing of large composite repairs - ADVANCED

1 | Repairs using OLGA (positive pressure application equipment) | Enhancement of bonding quality, and
for patch preparation and secondary bonding on aircraft. overcoming patch porosity issues

2| Adaptive (multi-sectorial) heating blankets using existing 2-| Improve temperature homogeneity on
zone ANITA bonders combined with variable insulation. geometrically complex structures.

3| “Plug-and-play” 24-Thermocouple scanner, together with| Increased quality control requirements
appropriately prepared sensing mats. during repair on complex structures.

4| Real-time transmission of repair data, for curing duplication | Increased quality control requirements
using dielectric sensors to enable curing degree monitoring. during repair on complex structures.

5| Heating solutions for quick repairs of small number of plies | Fast aircraft turnaround when limited
and limited dimensions tailored to aircraft needs. repairs need to be applied.

6 | CONDUCTOR consumable heating blankets that could be cut | Improvement of T homogeneity and
in different shapes to adapt to geometrical requirements. suppression of blankets’ lead time.

7| MAGNASENSE magnetostrictive semsors, for fast and| Ensuring bonding adequacy both for
accurate strain mapping of new or repaired composite structures. | SHM and certification requirements.

8 | Autonomous mobile composite repair workshop to be used by | Flexibility in repair application.
airlines that need to perform repairs outside of their hangars. Reduction of aircraft turnaround time.

9 | Advanced heating system & control mode for homogeneous Out- | Reduction of energy consumption and

CO, footprint for repair / production.

Heating Bolts provide localized heating to repair damages
associated with drilling & reaming operations in carbon laminate.

Curing of resin inside drilled holes.
achieving required T homogeneity.

Co-funded -

— -

by: /A’ 5 "-'

\

SEVENTH FRAMEWORK
PROGRAMME

eurostars™

EUROGIA +
3!

A EUREKA initiative

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI

In cooperation
with

@) AIRBUS

N, .

‘V/ . .
AleniaAeronautica

\/
4
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el A350 : Composite Materials overview

(Source Airbus)
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Misc. A350-900

A/AI-LI Material Breakdown (%)
19% inciuding Landing Gear
6% Steel
53% >
Composite 14% R (RAVROTSaies,  BraS e Uran . . .

- Titanium

CFRP
Wings
Centre wing box and keel beam
Empennage &Tail cone
Fuselage Skin panels
Frames, stningers and doublers
Doors (Passenger & Cargo)

Most of the External structure of the
Airframe are with Composite
materials



; @YIl A350 : Involving Large & Complex Structural Panels

(Source Airbus)

Commercial in confidence




S G MI Increase of volume
i of Composites per aircraft

Commercial in confidence

A350 . - — Material breakdown

A350-900 XwB
(%) Including Landing Gear

Composite

B-787

Together with
Increase of complexity of Composite parts




Answer to Challenges:

a. Adaptive Heating Solutions
b. Integration in 4.0 concept
c. Training & Continuous
Professional Development




iz GMI Adaptive heating solutions
for aeronautical applications

| If the only tool you have
| isahammer, everything
! looks like a nail.

To change your perspectlve

(and find new solutions.)

gjfeacfe constder. . .

G M I Expertise and Innovation for Composite Repair
A ERDO



Heat Transfer Theory
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Carbon Structures Hot Bonding Issues

* The main challenge : to match in temperature the
resin manufacturer specs: respect of a set-point of
temp. at +/-b °C max. on the whole surface.

Heat transfer on structures heated by conduction

though mats leads to gradients up to 40 °C and
more, due to:

— Large dimensions

— Orientation of structures

— Variation of skin thicknesses

— Variability of materials covered by the patch

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.



sige G| Question!
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Question: Why do we have temperature differences?

Answer: The problem starts due to the continues interaction of the
thermal transfer modes, as follows:

— Heat is directed to the repair area (composite patch & peripheral
structure) through the heating blanket by conduction, at a uniform
rate across the blanket surface (increase of temperature).

— Heat is propagating through conduction to the whole structure which
is surrounding the repair according to its geometry (i.e. in a non-
uniform way) and, at the same time,

— Heat is lost by the whole repair area through convection to the
environment according to the geometry of free surfaces of the
surrounding structure (i.e. in a non-uniform way)

As is it well understood the result of uniform thermal heating, minus
non uniform heat losses due to conduction and convection

is a non-uniform temperature distribution

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.



GMI Tips for achieving better temperature distribution
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Tip: Impose additional heat to areas affected by “heat sinks”

Structure below or near the repair may act as “heat sink”, by transferring heat to the
environment. These areas are better identified during the “heating survey”, which should be
performed BEFORE the actual repair. To compensate for these losses, additional heat should
be offered to these areas, either by increasing the overlap length or by an additional blanket
(see GMI’s blanket inventory). A multi-zone heating strategy should be considered, as well.

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.



Multi-zone Heating Blankets

Note: All dimensions in mm

Example of multi-zone
% configuration, used for
other demanding
repair heating
applications and
corresponding heating

Typical this edge

blanket manufactured
according to the
definition calculated
for this structure




Multi-zone / Shaped Blankets




GMI Adaptive Heating

A350/B787 Increased complexity

Thermalissues associated with A350 / B787 Panels repair

* Significanttemperature fluctuation due to “Omega stringers”
effect: trapped air acts as insulator

* Singleheatingzone approachis nolong

Zonal Approach is required...

SFW BwW LFW

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.



ciate. GMI Adaptive Heating
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unbeam | Targets heat where you need it most

AdaptHEAT o1
Anm:{:‘iﬂoumugg, : \ 7
s g s I‘
\\ r WAmﬁYnu?‘llg)ﬁii " _— 7&

N 1
. \ Warms Your

LEGS & FEET

af\f/‘w ém( : |

AdaptHEAT solution
designed for A350 *= 11 l O l-l 11 —

Omega stringers Heat Equilibrium = Algebraic Sum of Thermal
Routes No 1+2+3+4

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.




GMI Adaptive Heating
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LI

AdaptHEAT: Overall A350 panel application example

*Specially designed to ADVANCED / ANITA legacy equipment (no need for upgrade)

*Heating elements’ geometry adapted to A350/B787 composite structures (fuselage / wings)
*Heating performance optimized for Q/T/I stiffened composite structures

*Compatible with 2- zone controllers of all bonding console manufacturers (adaptors required)
«Standard procedure followed for preparation and vacuum bagging operations

*No need for additional training of operators

*Flexible dimensions, according to requirements

% iy gg)lé]uemregtusﬁgglmwlgtabg Qigsgrg% L@ I& ’r&?o%gggol ,rfla%ng(r)pg%Bﬁyl Eralnr%ﬁolcépvm;wl%lfl ¥haet\|/vorigen authorization of GMI Aero.




GMI “Cuttable” Blankets
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Blankets
Heating Blanket “Cut-to-Measure” CONDUCTOR

P .

T s o

Conductor Blanket cut to measures under
verification test

Developed

and tested CQCI)BPBUS
under the

guidance of INNOVATIONS

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.



e QM “Cuttable” Blankets w

Blankets
Heating Blanket “Cut-to-Measure” CONDUCTOR

AdaptHEAT for
A350 repairs... omm  93PHEAT

EE ©

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.



st GMI Special Heating Elements

Heating Pins - Heating Bolts for repair inside drilled holes
of 3-20mm diameter




G GMI

Commercial in confidence

to the cable in one operation. Only the thermocouples
involved in the process, selected by their right position
above the patch, are connected to the bonding con-
sole.

Install the control m

thermocouple very
close to the repair

f =R

‘M Composite
Repair

Typical positioning of sensing points

The picture shows 6 sensing points organised on
the surface of this mat .Each point is identified by
its number.

According to the repair patch dimension , the opera-
tor will decicle which are the sensing points to select
for the control and monitoring - These points will
be connected to the console through its indivual
cables .

The large mat will have 12 points embedded , while
smaller will have 6 points.

A set is constituted by a Mat ared a Cable of 12

To succeed good control you need to put the control s

The PN of the Blank=t must be sebecied according
t= the usual sizes of blanksts a= us=d by the

thermocouple “C” at an area of “representative” temperature. i s mo e oo e

Banketores. Of courss, aregiven 5TaM is su table

As such, a point very close to the edge of the repair is usually ﬁﬁ}"ﬁ%ﬂiﬁ“ﬁj:;mMMimwmmw
proposed. Take care to put the monitoring thermocouples “M” E@E:;:::::j'j:ﬁj”i;’j_“ﬁ'ﬂﬁj;"_"“““ prost s o e
around the repair and definitely at areas with potential heat et b 248 2 ot el e

Si n ks- DIMENSIONS OF STSMMOST USUALS

You can order acoonding to muicurii;nlp;;éikdlimﬁmiumgw 12 thermocouple type ) em-
Ideally, use the GMI’s “sensing mat”, in order to be able to get e
temperature measurements from the center of your repair, ST e

A 30 12 «12 GIIIHBS 020020 [

without marking your part. P TS 1 W
&0 G0 24w 2 CalvlIH B S ] 06 00 60 12

A x50 12 % 20 GIIHES W O20050 [

COMPENSATION CAELE

HMeting Cable with capacity 112 Thermacouples type L.
This document should not be disseminated or reproduced, either partially or in whole, withouty . = e @ e
F/H 1 GIMIHE S0- 06




i GM Autoclaves -OO0A
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OOA

GMI has developed a solution to attach the complete metallic
stringer set to reinforce the rear cone skin on Bombardier
C- Series. These blankets are plugged on an Anita 6 zones.

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.



st GMI Repair Enhanced Autoclaves |
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Repair Enhanced Autoclaves
Using flexible blankets as the main source of heating!

*Addressing repair requirements of complex
aeronautical parts, such as the A380 engine
reverses, the B777/B787 engine nacelles etc.

*Globally heating the parts in “conventional”
autoclaves would immediately distort them
while causing severe and unrecoverable
damage, due to variation of thermal
expansion coefficients of involved materials.

*Even though an autoclave is still used to
provide required pressure and slightly
elevated ambient temperature (i.e. 50-80°C),
heating at 120-180°C is ensured using
specially designed adapted heating blankets,
at the repair area ONLY!

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.
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Repair Enhanced Autoclaves
Using flexible blankets as the main source of heating!

=

Installation of power supply plugs,
connectors, extension cables.

*Thermal simulation and analysis of the
repair area to ensure Temperature
homogeneity.

*Design and manufacturing of adapted
heating blankets, tailored to the specific [
repair requirements.

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.



GMI GMI - AFIl cooperation
S for B777 GE9O Nacelle

.C.o'mmercial in confidence
AIRFRANCE /# KLV
INDUSTRIES Engineering &

Maintenance

Overview of the |
GE90 area to be
repaired, showing

variations in
construction
materials and

methodology = b The 8-element / 5-zone adapted heating
(sandwich — . blanket, designed to cover the upper
monolithic) = @ surface of the right / left cowling

ZONE 1A ZONE 1B

k.
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“ADVANCED” Out-Of-Autoclave (OOA) Heating Solution for Production
and Repair of A380 Thrust Reversers using 18 zones

T et T T e T T T Dl ¥ ¢ P 7 7 Wamhec 1+ P9 &
* Heating configuration defined (15 heating blankets on cocured side + 3 on opposite
side) I

- Up to 72 T/C available for regulation and monitoring
- Some of them could be localized specifically for
correlation with Thermal Simulation

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.
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) Heating Solution for

“ADVANCED” Out-Of-Autoclave (OOA
Production and Repair of AS80 Thrust Reversers
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Answer to Challenges:

a. Adaptive Heating Solutions
b. Integration in 4.0 concept
c. Training & Continuous
Professional Development
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ANITA 4.0 is the application of the
Industry 4.0 concept in the field of
bonded composite repairs

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI Aero.
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ANITA 4.0 concept Main Steps

)
) (@7 S

s Fags@is  — B
Last steps of NITA EZ with ANITA EZ On-line inspecting
repair preparation AdaptHEAT ® connections to the and evaluating the
on an A350 controlling the company’s overall process
fuselage curing process intranet
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Technicians could be
engaged with other
activities in their
offices or around! -2
80% reduction of MH
associated with
repair...

Proximity WiFi Solution
Remote Monitoring and Control Tablet

Remote Control Tablet
9

Surveillance and control of
up to four (4) bonding consoles



Proximity WiFi Solution
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B c mote Monitoring and Control Tablet

Commercial in confidence

WiFi Range and Extension Possibilities
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PANOPTES

Web server :

- Collect Anita’s data
- Accessible from
web browser
through network

CUSTOMER
NETWORK

General - & S,
Network ((."’
Architecture \

ﬁli?

Wifi access point

Supervision computer with large screen
Up to 8 Anita and more
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PANOPTES

Distant Parallel Monitoring
- Up to eight (8) ANITAs connected to end-user’s central IT
system through WiFi.

- Web application, accessible from main web browser.
- Collects ANITAs information & stores in a database.

- Visualizes summary of all connected ANITAs current status
(Zones on cycle, Setpoint, T/C, Vacuum, etc).
(e
(e %) e
- Data presented on PC screen or Smart TV. q)) o
- Format and variety of presented data ﬁgﬁ\ e
tailorable to end-user's requirements.

Supervision computer with large screen
Up to 8 Anita and more
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Dielectric
measurement
hardware

Software

Hot bonder

_\ i
Repair of structure

Instrumented press

Temperature values
from repair process

Temperature

controller

Lagging
thermocouple value

- When a safety critical structural repair is performed all repair data (temperatures,
vacuum level etc.) are recorded and real-time transmitted to the aircraft manufacturer.
- At the aircraft manufacturer’s facilities a setup using same materials is prepared and
is simultaneously to the actual repair cured, using appropriately selected portion of
transmitted real time data (e.g. lagging thermocouple), so as to enable imminent
destructive or non-destructive testing of produced material.

- Within the set-up prepared at the aircraft manufacturer’s facilities, dielectric sensors
for curing degree monitoring are included, thus providing real time degree of cure
data, equally valid for the remotely performed structural repair on the aircraft.

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI
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b. Integration in 4.0 concept
c. Training & Continuous
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BUTCHER OR BAKER?

There are some significant challenges for technicians due to the nature of composites - which are very process driven and rely
heavily on the composite technician building quality into the finished product. To illustrate this, the Aug/Sep 2012 edition of Avia-
tion Maintenance (AVM-mag) published an article discussing the difference between repairing a metal vs a composite aircraft
being akin to the difference between highly skilled butchers and talented bakers. Here's why:

Butchers don't have to create the meat they work with. The raw meat comes into the shop fully
formed. The butcher's job is to carve it up into the required cuts. This is similar to mechanics
working on a metal aircraft. Whether they are installing a new part, re-shaping and repairing an
old one or - in extreme cases - custom measuring, cutting, shaping and custom fitting a new metal
part from scratch, mechanics don't have to smelt and cast the metal they are working with. In-
stead, the metal comes into the shop in workable shapes, sheets and thicknesses, no fundamen-
tal manufacturing is required. It's not quite as convenient as working with meat, but it is close.

Image source. dreamsfime.com

In contrast, bakers must start with the raw ingredients, condition them to room
temperature, and combine them into specific mixtures first. Then they have to
transform these mixtures into cakes, pies, breads, etc. and use the right levels
of heat for the correct amounts of time. In the same vein, composite repair
technicians must follow strict processes to combine and cure ingredients to
achieve an optimum result.
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Level 1: BASIC BONDED COMPOSITE REPAIR STANDARD TRAINING COURSE - 5 DAYS

* Level 2: ADVANCED BONDED COMPOSITE REPAIR INTENSIVE TRAINING COURSE - 5 DAYS

* Level 2: ADVANCED BONDED COMPOSITE REPAIR STANDARD TRAINING COURSE - 10 DAYS
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Level | - Basic Bonded Composite Repair

Scope: This curriculum is intended to meet the formal training requirement for individuals who intend to become certified
as aircraft composite repair technicians. Persons who successfully complete this aircraft structural repair training
program are considered to be able to perform basic composite bonded repairs to aircraft structures in compliance with
the manufacturers’ repair documentation or other acceptable or approved repair data.

Applicable documents: GMI Aero proposed Training Courses align with the latest SAE Commercial Aircraft Composite
Repair Committee (CACRC) and regulatory authorities documents, as follows:

* AIR4938C Composite and Bonded Structure Technician/Specialist Training Document

 AIR4844D Composites and Metal Bonding Glossary

« AIR5719B Teaching Points for an Awareness Class on "Critical Issues in Composite Maintenance and
Repair"

* FAAACG65-33 Development of Training/Qualification Programs for Composite Maintenance Technicians

Trainee’s prerequisites:
*  Experience as aircraft maintenance technician or engineer
*  Good knowledge of the English language (minimum B2)
*  Basic mathematics, physics and chemistry considerations (minimum High School - level or equivalent)

Course Outline: This training course is divided into four (4) main training units, namely:
*  Basic Theoretical Considerations
*  Bonded Composite Repair Equipment and Toolings for Curing and Machining
* Implementation of actual Bonded Composite Repairs
* Theoretical & Practical Examinations

This document should not be disseminated or reproduced, either partially or in whole, without the written authorization of GMI 66
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EASNA

Yo Bonded Composite Repair of Aircraft Structures: 18-20.06.2019
‘s’."’mm Contemporary Challenges and Latest Innovations = ¥y, Paris, France
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CPD Participants, Organizers and Speakers in action, during the Seminar

“ . . P t
New Aircraft, New Materials, | Permancag
New Repairs” Quick Cosmetc Repai

. ECF restoration)

Guillaume FERRER

Embodiment Industrialisation Manager
Composite Repair Process Development
Airbus Customer Services

“Technical challenges and innovations in
bonded aircraft composite repair”
Philippe SERVANT

Responsible for Engineering, Research
and Development of Aerostructures,

FI KLM E&M
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£ AIRS| Composite Technology Seminar
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11-16 February 2020 ] & Expe rtS FO ru m
Changi Exhibition Centre SI nga po re’ 10/2/2020

Z Fraunhofer i (oM

00000000

IFAM ces

o . Composite Repair Seminar
A & Experts Forum

INNOVATION AND LEADERSHIP

- Berlin, 11-13/5/2020

13.-17. Mai 2020
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Bonded Composite Repair Methodologies -
Latest Advancements and Developments

Questions?
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