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1 Project execution

11 Original project data

111 Title “Economic Advanced Shaping Processes for Integral Structures’

1.1.2 Short title and number: “ECOSHAPE”, Nr. AST 3-CT-2003-502884

1.1.3 Abstract

A futureneed for aircraft structures is the development towards an increased degree of
integration to save weight and to reduce manufacturing costs. An actua target isthe
reduction of assembly cost (riveting process) by laser welding (e. g. fuselage) or integral
machining (e. g. wing structures). For such new concepts the current manufacturing chain has
to be dtered, unifying the for ming steps and shifting it further towardsthe end. This
enables mor e processing (e. g. machining, pocketing, welding) in a flat condition to
achieve thefull cost reduction potential.

With this approach, laser based forming processes offer huge economic potentials due to
high automation possibilities and avoidance of heavy, large and costly forming tools, required
for each of the numerous differently shaped parts of current cold and hot forming processes.
The main project target isthe development of such laser forming processes for integral
fuselage and wing structures. Thus relevant laser parameterswith respect to minimum
material degradation on one side and maximum formable sheet thickness on the other side are
evaluated. A simulation tool for the forming process is built up and integrated into a control
system. Key to the control of the process is the development of a predictive model to provide
scan strategies based on arequired geometry. This system includesonline 3D shape
measurement to enable straight-line laser forming to the required final geometry.

The main innovation of the project isthe combination of the simulation, the control
system and the online 3D shape measurement to atool offering aself correcting, reliable,
quick, robust and thus economic laser forming processfor Al based structures.

114 Objectives

Following measurable obj ectives are envisaged:

1. Forming stiffened structuresto single curvatur e of 1250 to 3000 mm radii along stiffeners
2. Forming bi-axially curved structureswith additional 20000 mm radius across stiffeners
3. Verification of estimated shell manufacturing cost reduction of 10 % by more processing
in aflat condition and a further 10 % by avoidance of heavy and complex tooling

4. Shell weight reduction of 10 % with new aloys, less useful with conventional forming

115 Partners

The consortium reflects the strong industrial interest due to the participation of 4 aerospace
companies, supported by 3 industrial research organisations, 1 SME and 2 Universities from 4
member states, all those well experienced in aerospace processing.
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Parti- | Parti- Participant name Particip. | Country Dateenter | Date exit
cipant | cipant short project** | project**
Role* | no. name
CO 1 EADS Deutschland GmbH EAG Germany | Month 1 | Month 36
CR 2 Airbus Deutschland GmbH AID Germany | Month 1 | Month 36
CR 3 Airbus France AlF France Month 1 | Month 36
CR 4 Alenia Aeronautica S.p.A. ALA Italy Month1 | Month 36
CR 5 DASSAULT AVIATION DAS France Month 1 | Month 36
CR 6 EADS CCR EAF France Month1 | Month 36
CR 7 INASCO Héllas INA Greece Month 1 | Month 36
CR 8 ISTRAM IST Greece Month 1 | Month 36
CR 9 iwb — TU Minchen IWB Germany | Month1 | Month 36
CR 10 RTM Sp.A. RTM Italy Month 1 | Month 36

* CO = Coordinator
CR = Contractor

** Normally insert “month 1 (start of project)” and “month n (end of project)”
These columns are needed for possible later contract revisions caused by joining/leaving participants

116

117

Duration: 01.02.04-31.01.07

Project Workpackage interdependence
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\ 4
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1.1.8 Project organisation structure

European Commission

A

Project Co-ordinator (PC)
EADS CRC-G (EAG)

WPL6

EAG Project Steering Committee (PSC)
1 representative of each contractor

Project Management Team (PMT)

WPL1 WPL2 WPL3 WPL4 WPL5 Proj ect

EAG DAS AID ALA AlF Exploitation

_ R M anager

Group of 5technical Workpackage L eaders (WPL) «> (PEM)
A
. . <> INA
Group of 10 Project Site Managers (PSM) from

EAG. AID. AIF. ALA. DAS. EAF. INA. IST. IWB. RTM

Specific companies staff dedicated to perform the planned research work

119 Project information and logo

Coordinator address:

Mr. Achim Schoberth

EADS Deutschland GmbH,
EADS Innovation Works
Department LG-M S

81663 Munich

Mail: achim.schoberth@eads.net
Phone: +49-(0)89-607-22061
Fax: +49-(0)89-607-25408

Proj ect website address:
www.ecoshape.info
The project website will be kept online beyond the end of the project, dated 31.01.07.
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1.1.10 Main advantage of Laser Beam Forming (LBF) process

Main processing (machining, welding) in flat condition

Computer
control

+ 4t
B 8
S || @
||

Modelling +—»

Machining Online 20
nline 3D-
Measurement

Forming
<«

Processing in a flat condition Final shaping

1111 Main project motivation

Reduction of process steps and cost

Y
Current A 1
situation .

|
for welded =™ 9 TF/L
chem.
panels (miIIing)
mechanical
bending stringer q

welding

geometry

Goal in AI %\ o
ECOSHAPE: W %\

Initial %
sheet
(chem.)
milling 9
stringer

weldin
g bending &

simultaneous
reshaping

Page6 of 35



ECOSHAPE / Final activity report Nr. 502884 Date of preparation: 30.04.07

12 Work performed and end results

The summary of performed work on Laser Beam Forming (LBF) development and gained
results during the whole project duration follows the Work Package (WP) and Task structure,
defined at project start and described in the Work Programme (Annex 1), which was updated
during project duration from issue ato d with the agreement of the EC Scientific Officer.

Before starting this description and in order to ease understanding, an explanation of the LBF
processis helpful:

The LBF process uses the power provided by alaser beam to inject heat within a sheet. The
heat flows into the sheet and modifies the temperature distribution (Figure 1.2.1). The
temperature has two effectsin the hot areas:

- an expansion,

- adecrease of the mechanical properties (and in particular of the yield stress).

Because of the temperature gradient in sheet thickness, mechanical incompatibilities develop
themselves and create compressive stresses in the hottest and tensile stresses in the coldest
layers (Figure 1.2.2). Since the yield stress in the hottest layersis|lower, a compressive plastic
strain field is created, which modifies the dimensions of the concerned layers. Cooled down to
room temperature, the resolution of these incompatibilities leads to aresidual stress field and
distortions. Considering the motion of the laser, the summation of the distortions creates aline
of bending, which can be described with a bending angle.

Laser beam

High temperature

Low femperature

Figure 1.2.1: Temperature distribution within the sheet

P Stress-free dimension of the hottest laver

/ : ' Stress-free dimension of the coldest laver

Distorted section due to mechanical incompatibilities between the 2 layers
Figure 1.2.2: Mechanical incompatibilities developed during laser impact
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121 WP1: Processes & materials basics

WP1 consisted of 3 Tasks with the objective to analyse basic laser forming influence for all
selected materials on a specimen level. It was successfully completed, including the 3 planned
Deliverable reports D1.1, D1.2 and D1.3, but with about 6 months delay compared to the
origina planning and the set Milestonesin Annex |, issue a(see Tables 1.2.1.1 and 1.2.1.2).

Table 1.2.1.1: Deliverables|list

Del. |Deliverable name Task |Datedue, |Delivery, |Lead con-

no no. month month  |tractor

Dl.1a |Set of basic simulation input 11 06 12 EAG
datafor 6013, 6056

D1.1b |Set of basic simulation input 11 18 24 EAG
datafor 1S237, 1424

D1.2a |Set of basic properties of 6013, |1.2 12 12 EAG
6056 with NdYAG usedin WP2

D1.2b |Set of basic propertiesof 6013, |[1.2 18 24 EAG
1S237 with CO2, 1S237, 1424
with NdYAG, 1S237 with LPF
used in WP2

D1.3 | Description of basic forming 13 18 24 EAG
behavior

Table 1.2.1.2: Milestones list

MS |[Milestone name Task |Datedue, | Delivery, | Lead con-

no. no. |month month  |tractor

M1.1a |Input data 6013, 6056 for WP4 11 |6 12 EAG
(simulation) available

M1.1b |Input data1S237, 1424 for WP4 11 |18 24 EAG
(simulation) available

M1.2a |Basicinput data6013, 6056 with NDdYAG |12 |12 12 EAG
for WP2 (processing) available

M1.2b |Basicinput datafor WP2 6013, 1S237 with | 1.2 18 24 EAG
CO2, 15237, 1424 with NdY AG, 1S237
with LPF (processing) available

M1.3 |Basiclaser forming analysis finished 13 18 24 EAG

More detail s about work content and the results, reached, are summarized in the following
Task descriptions.

Task 1.1: Basic properties of all selected alloys for smulation in WP4

In Task 1.1, basic properties with NdY AG, CO2 and HPD (High Power Diode) lasers were
investigated for the selected Aluminum alloys 6013, 6056, 1424 and 2022 (the old 1S237).
Suitable ranges of LBF parameters like laser power, feed and focal diameter have been
determined with respect to different material parameters like aloy type, sheet thickness, sheet
width and surface condition. Asa measure, the resulting bending angle was used.

The datawere used as input for simulation in WP4 und thus delivered to partner IST.

Page8 of 35



ECOSHAPE / Final activity report Nr. 502884 Date of preparation: 30.04.07

For al aloys a useful parameter window has been devel oped showing that 2022 alloy has a
better suitability (= higher bending angle for same line energy input) for LBF compared to the
6X XX dloys, caused by the lower heat conductivity of the AICuMg alloy system. The aloy
1424 parameter showed similar results.

The influence of material thickness was as expected. Due to increasing stiffness, an increasing
thickness leads to lower bending angles while keeping the forming parameters constant. The
upper thickness limit for effective processing was found to be 5 mm.

The influence of sheet width was unexpectedly non linear, showing a minimum bending angle
at intermediate width.

The specific surface condition was found to be the major influencing parameter. The laser
absorption difference between grinded and black surface was more than afactor of 5. Black
coating was found to be necessary for successful LBF process using CO2 |aser.

Residual stress analysis using X-ray-diffractometry identified the temperature gradient
mechanism as the dominating bending mechanism by typical tensile loads in the laser path in
and also perpendicular to forming path direction.

Task 1.2: Basic properties of all selected alloys for processing in WP2

In Task 1.2, basic properties of al selected alloys selected Aluminum aloys 6013, 6056, 1424
and 2024 (due to bad availability of 2022) were investigated as prerequisite for basic process
development in WP2. This consisted mainly in the measurement of mechanical properties
(hardness, static strength, fatigue strength) as wel | as metallographic investigations. All this
work was finally performed to check the 10 % strength degradation limit, which was defined
by the Consortium to be an acceptable value for industrial application.

Asaresult, alloys 6013, 6056, 2022 and 2024 can be formed without any hardness and thus
strength degradation, see for example FHgure 1.2.1.1 but the 1424 aloy in final heat temper
showed loss of hardness higher than 10 %, see Figure1.2.1.2. As a consequence, 1424 alloy
has no potential for LBF because of its high susceptibility against heat impacts after
installation of the final heat temper.

Hardness measurements AA 2024-T351 rolled condition So=5,0mm
5 laser paths side by side; 7,5mm-32,5mm
180
170
160
?\
o . n S\ '\‘F
S o YT . W add /'\fm/‘/ WAl
140 V A | \"4 7/ v ﬁw—
/= |
130 g 1 4
120
110
0 5 10 15 20 25 30 35 40
Distance [mm]
‘—0— Raster 1 =0,5mmfromedge —®—Raster 2 = Immfrom edge Raster 3 =1,50 mm from edge

Figure 1.2.1.1: No hardness drop of 2024 after LBF (NdYAG)
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Hardness measurements AA 1424-Tx So=3,2mm
5 laser paths side by side; 7,5mm-32,5mm
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Figure 1.2.1.2: Not acceptable hardness drop of 1424 after LBF (NdYAG)

Fatigue tests on specimen after LBF where performed using alloy 6013-T6. As aresult, the
generated Woehler curve is dightly lower than the base material curve, but is till in the
scatter range of the base material fatigue curve. For that reason it can be stated that LBF has
no influence on the fatigue behaviour when suitable parameters have been used.

A fall back technology within the project wasLaser Peen Forming (LPF). Unstiffened
coupons made of 2022 aloy of 5 and 10 mm skin thickness have been formed successfully
using LPF process. With this potential the LPF process is recommended for thick sheets and
plates, on which the LBF processis not or nearly not able to generate forming effects.

Task 1.3: Enhanced properties of all selected alloys for process up-scalein WP2

In Task 1.3, enhanced properties, like corrosion, fatigue crack propagation and the effect of
multiple path lines have been analysed on large unstiffened sheets as a prerequisite for
process scale up in WP2.

Crack propagation testing on 6056-T 78 specimen after LBF has shown a dlight difference in
the crack initiation and propagation but the trend is that crack propagation rate is decreasing
after LBF. Possible reason is that the slight softening of the material near surface has a
positive influence on ductility of the material and therefore decel erates crack propagation.
LBF formed 6013-T6 shows same curve as the reference material without laser penetration,
see Hgure 1.2.1.3.

Page 10 of 35



ECOSHAPE / Final activity report Nr. 502884 Date of preparation: 30.04.07

Fatigue Crack Propagation
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Figure 1.2.1.3: Crack propagation of 6013-T6 after LBF and unformed

The corrosion behaviour of 6013-T6 and 6056-T 78 specimen after LBF has been assessed
using 3 different tests: salt spray, inter-granular corrosion and exfoliation corrosion. All tests
where successfully. In the cases where corrosion artefacts were detected, they were under the
[imit penetration depth of 0,2 mm. Thus it can be concluded that the LBF process does not

affect corrosion resistance of the investigated materials.

The analysis of multiple path lines showed that it isimportant to keep the local temperature
condition constant during LBF in order to create similar temperature gradientsfor each path.

122 WP2: Process development & characterisation

WP2 consisted of 4 Tasks with the objective to develop and up-scale the laser forming
process for single curvature (2D) using laser geometry analysis, simulation and self learning
path generation. It was successfully completed, including the 4 planned Deliverables D2.1,
D2.2, D2.3 and D2.4, but with up to 6 months delay compared to the original planning and the
set Milestonesin Annex |, issue a (see Tables1.2.2.1 and 1.2.2.2).
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Table 1.2.2.1: Ddliverableslist

Del. |Deliverablename Task |Datedue, |Delivery, |Lead con-

no no. month month  |tractor

D2.1 |Prototype laser beam forming 21 18 24 INA
process

D2.2 |Up-scaled laser forming system | 2.2 30 33 EAG

D2.3 | Testreport on curved coupon 23 33 36 EAF
material properties

D2.4  |Process chain prototype (+ 24 36 36 IWB
simulation & self learning)

Table 1.2.2.2: Milestones list

MS |[Milestone name WP |Datedue |Délivery, |Lead con-
no. no. month month tractor
M2.1 | Basic process development successful 2 18 24 INA

M2.2 | Process up-scale successful 2 30 30 EAG

M2.3 | Process up-scale successful 2 33 36 EAF

M2.4 | Coupon characterization finished 2 36 36 IWB

More details about work content and the results, reached, are summarized in the following
Task descriptions.

Task 2.1: Basic process devel opment

Work was focused on the basic LBF process development to realize a prototype of a self
learning LBF control system as output deliverable of Task 2.1. This was done using large but
unstiffened sheets. After the definition of required features, the integration of the system has
been launched by IWB based on Nd-YAG laser as forming equipment. For temperature
control, an integrated optical system was developed based on a pyrometric temperature
measurement unit. For the measurement of geometry, a triangulation sensor was installed and
linked to the robot control unit. In paralel, the software to pilot the laser system was
developed by partner INA after definition of overall strategy and selected cal culation method.
Protocol for data transfer has been defined. The envisaged prototype LBF system has been
successfully realized after month 24 (6 month delay) to be validated and improved in Task 2.2
by forming experiments on unstiffened and stiffened panels and to validate the strategy
software (process parameters, paths, ....).

Task 2.2: Process up-scale

In Task 2.2 (Process upscale), different stiffened coupons, representative of fuselage panels
were defined by ALA together with RTM (500x500 mm, up to 4 pockets and 3 stringers,
6013, CO2-LBF), EAG in relation with AID (685x1000 mm, different pocketing depth, 4
stringers, 6013/6056, NdY AG-LBF), EAF together with AIF (500x500 mm, 3 stringers, 6056,
NdYAG-LBF) and DAS (475x475 mm, 7 stringers, 2022-T351, LPF). Various of those
panels have been manufactured. After laser beam forming to single curvature, geometry
defects on integrated panels appeared during the LBF process (with both, NdYAG laser and
CO2 laser), being secondary 3D bending and twisting. Each partner involved in the LBF
process joined the common effort to understand the twisting effect (see Figure 1.2.2.1). Asa
result, such twisting was avoided only in the case of bonded stringers instead of welded ones.
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planan atebrt Results of LEF of pock eted S-stringer

reirforced pamels 2.8 mm thick were
roughlyreproducible bt affected by
severs twisting starting im rmediately after
the first forming pass [top-left].

Figure 1.2.2.1: Twisting after LBF (e. g. with CO2 laser) on panels having pockets and
welded stiffeners (RTM forming of ALA fabricated integral panels)

To compensate the twisting effects, found in Task 2.2 for welded structures, a fundamental
investigation of a “hot forming” operation as additional forming step was performed,
consisting of heating to desired temperatures for specific times. Using this additional step
alows to pre-form the panel by LBF and to use hot-forming for calibration of the shape. This
forming step is being performed during the tempering thermal treatment of the panel in a
respective mould.

As an advantage, the mould can be machined the real shape of part to be formed (no elastic
spring back) and the residual stresses are at low level, compared with conventional forming
processes such as roll forming and successive bending.

Major drawback of this technology is the requirement for extra material length in order to
clamp the panel periphery (see Fgure 1.2.2.2). An appropriate clamping of the panel borders
IS necessary in order to avoid elastic spring back after hot forming.

Basic results were promising, but the up-scale of such process combination was beyond the
project scope.

Figure 1.2.2.2.: Example of extralength on coupon test
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In parale and as fall back solution to LBF for higher thickness, investigations on Laser Peen
Forming (LPF) on thick walled integrally stiffened panels was successful, but shows atypical
pattern at the surface (Fgure 1.2.2.3).

Stiff

Task 2.3: Coupon characterisation

Task 2.3 has been reduced for increased Task 2.2 activities. The results of remaining 4 point
bending fatigue, tensile and tearing tests as well as metallographic anaysis showed no
negative impact of the LBF and L PF process.

As an example, thelifetime in 4 point bending fatigue after laser peen forming is not
penalised by the geometry and the position on the loading tool (see Figure 1.2.2.4). The
results confirm that the laser peen forming is not prejudicial for the fatigue crack initiation of
the tested specimens.
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Figure 1.2.2.4: 4 point bending fatigue results on different 10 mm thick 2022 specimen
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Task 2.4: Integration of process and simulation

In Task 2.4, integration of LBF process, optical geometry measurement, in-line quality
control by pyrometric surface temperature measurement and self learning L BF system was
driven by partners IWB and INA on large scale complex components. As main achievement,
the system performance was successfully demonstrated, using an iterative approach, but
forming to desired shape was only possible with bonded stringers. Further work and
numerous real components would be necessary to adapt the system to the distortions effects,
described in Task 2.2, which is beyond the scope of this project. Figure 1.2.2.5 shows the
prototype LBF forming unit, indicating aso the effort involved to reduce specific tooling. As
visible in theright picture of Figure 1.2.2.5, the panel is hanging in avertical positionina
simple frame and is only slightly constrained to secure on the one side an exact positioning of
the panel but to allow on the other side a free deformation due to the LBF process.

Figure 1.2.2.6 shows the optical system (CCD camera) for geometry measurement by
triangulation, which integrates also the in-line quality control, realised by a coaxia coupling
of a pyrometric systemto measure the component surface near to the laser beam. This enables
at specific boundary conditions the temperature control of the heated surface.

Fiber coupling
Collimation

Pyrometric system and
optical quality control

Robot \

Triangulation
sensor with
protection shield

Focussing lens

Beam trap

Figure 1.2.2.6: Optical geometry measurement system and in-line quality control
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123 WHP3: Process development & characterisation

WP3 had the objective to devel op further and enhance the forming process to cope with
stiffened, biaxia (3D) curved generic shapes. It was completdy skipped in agreement with
the EC Scientific Officer, including the planned Déeliverable reports D3.1 and D3.2. Thiswas
done to support the additional work in WP2, necessary in understand the 3D distortion effects
during single curvature (2D) forming.

124 WP4: Simulation & verification

WPA4 consisted originally of 4 Tasks with the objective to develop athermo-mechanical and a
benchmark model to simulate the laser beam forming, using a local-global approach. It was
successfully completed, including 3 of the 4 planned Deliverable reports D4.1, D4.2 and
D4.3, but with up to 6 months delay compared to the original planning and the set Milestones
in Annex |, issue a(see Tables1.2.4.1 and 1.2.4.2). Task 4.4 was completey skipped in
agreement with the EC Scientific Officer, including the planned Deliverable D4.4. Thiswas
done to support the additional work in WP2 and WP4, necessary in understand the 3D
distortion effects during single curvature (2D) forming.

Table 1.2.4. 1. Deliverableslist

Ddl. Deliver able name Task |Datedue, Delivery, |Lead con-
no no. month month tractor
D4.1 | 3D thermo-mech. simulation 4 27 33 IST
report of local behavior
D4.2a |Benchmark model: methodology |4 30 36 ALA
report & data
D4.2b |Fuzzy logic: feasibility for 4 30 36 ALA
benchmark model
D4.3 | Methodology report for the 4 27 27 EAF
global model
B44 |Shepfloorlovalsoftwarein-& |4 30 20 ALE
ettputsdetined
Table 1.2.4.2: Milestones list
MS |[Milestone name Task |Datedue, | Delivery,| Lead con-
no. no. |month month |tractor
M4.1 |Loca simulation validated 41 27 33 IST
M4.2 | High speed benchmark simulation available |4.2 30 36 ALA
M4.3 | Global simulation validated 4.3 36 36 EAF
M4-4 Lntarfgna o nradistion nlont aapanl oton 44 36 35 AE

More details about work content and the results, reached, are summarized in the following
Task descriptions.
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Task 4.1: 3D simulation of the local behaviour

Based on a detailed determination of requirements, a specification of the form of data needed
for exchange of results between different models (Ilocal-global), a collection of material
properties needed for the numerical simulation and aliterature review concerning laser
forming aspects of auminium alloys, the numerical methodol ogy for the simulation of the
laser forming process was defined and flow chart was created. Partner IST has then devel oped
and validated a parametric three-dimensional finite element model for the simulation of the
laser beam forming process. This has been originally utilized for both, thethermal and
structural analysis, in order to properly simulate the thermal and structural response of the
material to the laser beam heat flux. Afterwards, numerical simulations of laser formed
coupons of WP1 have been performed. The developed model has then been applied for the
prediction of the bending angle of small-size specimens, in order to provide datato Task 4.2
and finally, the local model was connected to the global model of Task 4.3 by data exchange.

In addition to these originally planned activities, partner IST supported the WP2
investigations in the unexpected distortion and twisting problem by application of the 3-D
local model to medium or large scale structures with and without stiffeners. Thishasled to
extremely high computing times, making the simulation process impractical. In order to
overcome these difficulties, an improvement has been performed in the simulation
methodology by adopting a combination of a 3-D thermal with a 2-D mechanical approach
(see Figure 1.2.4.1). For the validation of the proposed 3-D/2-D methodol ogy, the obtained
data were compared to the full 3-D analysisdata. As aresult, the accuracy concerning the
bending angle has not been serioudy affected and the computational time has been reduced by
50 % to 80 %.

C)

Figure 1.2.4.1: (a) 3-D therma model, (b) detail of a) at the laser pass line and
(c) corresponding 2-D mechanical model detail
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With this optimized hybrid 3D/2D model, partner IST hasperformed a parametric analysis, in
order to evaluate the effect of panel length and width as well as of stringer addition of various
types to the resulting bending angle and the component geometry.

Analysis of the ‘size effect’ has indicated a negative effect of length on the calculated bending
angle. On the other hand, it has been observed that the increase of panel width leads to an
increase of the bending angle. Furthermore, there is an edge effect, i.e. in the last heating steps
(laser run-out), the temperature is increased with respect to the rest of the path (whereit is
almost constant). In contrast, the effect of addition of 1 stringers of different thickness on the
bending angles transverse to the stringers has no serious effect. On the other hand, bending
anglesis severely affected in the case of addition of different stringers and is also afunction

of the number of laser passes. This makes the prediction of complex structures very difficult.

In order to explain the lack of ‘flatness' (or un-evenness of bending and twisting), the laser
forming process of large stiffened panels has been simulated using the developed numerical
methodology for cases of real stiffened panels provided by Partner IWB (see Fgure 1.2.4.2).

Figure 1.2.4.2: Geometry of the large Stiffened panel.

The purpose of these simulations was to investigate the effect of stiffeners, panel size and
laser beam path on the response of the structures during the laser forming process, as well as
to clarify, if the twisting effect is caused by previously existing residual stresses in the plate
(e.g. due to laser beam welding of stiffeners). Different combinations of geometries and laser
beam routes have been used during the study and various plots have been produced. From
these results, the following remarks and conclusions may be drawn:

e The fina shape of the panel seems not to be “stable’. This is concluded by the
observation that the bending direction of the stiffeners, that primary effects the
secondary bending of the panel, is not constant, but “sudden” reversals appear during
the forming process.

e At the final state of forming, stiffeners exhibit significant twisting, which is one
additional reason for the “unstable” condition of the formed panel.

e The secondary bending of the panel is of the same order (and potentially larger)
compared to the primary bending due to the laser beam.
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e The secondary bending is not uniform and it seems, that it depends on the symmetry
of the stiffeners with respect to the laser beam line.

e The stiffeners cross-section lack of symmetry (with respect to the stiffener axis) does
not seem to substantially affect their twisting and consequently the secondary bending
of the pandl.

e |tisvery possible, that twisting and non-uniform bending is not necessarily caused by
previousy existing residua stresses in the plate (e.g. due to laser beam welding of
stiffeners), as al previously presented analysis did not include any pre-existing
residual stresses.

Finally, afull set of 30 cases determined by partner ALA have been simulated and the results
including bending angles, temperature and plastic strain distributions along the laser root and
vertical to it at various depths of the plate, as shown in Figure 2.4.2.2, have been delivered to
ALA for evaluation of the global model, based on fuzzy approach.

Task 4.2: Fast benchmark simulation

Task 4.2 isguided by ALA and the developing of the activities are performed in concurrence
with the University of Salerno (UNISA) that have a big experience in mathematical

methodol ogies development. They have identified the flow chart solving the steps needed for
the developing of the so called Fuzzy Fast FEM, a mathematical method that is able to
forecast the forming behaviour starting from the input that are needed for the forming itself.

A discrepancy verified between numerical and experimental datarelating to large structures
has produced a leakage of input data. Thus, the Fuzzy system was built from simulation
results of laser formed coupons (0.15 * 0.10 m and material 6013-chemically milled) provided
by partner IST. On the basis of individuated membership functions and of chosen level of
detail, rules for different conditions, related to known results, were defined. Membership
function, rules and elaboration algorithm are written in MatLab, using Fuzzy toolbox of
Simulink. This Software, during its running, ask to user the value for laser power, for
absorption coefficient, for laser speed and for sheet thickness, and elaborate the result by
Centroid method application.

Task 4.3: Detailed simulation of the global behaviour

The objectives of the WP4.3 are to perform Laser Beam Forming (LBF) simulations of large
structures. Such simulations are called “global modelling”, in contrast to “local modelling”,
performed by partner IST within Task 4.1.

Local Modelling is usually dedicated to the simulation of the thermo-mechanical behaviour of
small samples. The relevant result is the bending angle as a function of sample geometry,
material and LBF parameters.

Globa modelling aims at describing the behaviour of large LBF samples and structures. It is
based on the exploitation of the results of local modelling. The relevant global result isa
description of the final global geometry. The influence of specific geometrical features such
as stringers and pocketing, which are not represented at the local scale, should be taken into
account. The model has to represent potential large scale effects such as buckling.
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For the development of a detailed 2D global Finite Element model, EAF tools have been used,
dedicated to welding simulations as a basis, and devel opments have been made to add the
capability to use 100 % shell models (best suitable elements for large structures). Two heat
sources have been devel oped: an imposed-temperature source and an imposed flux one.

To perform the devel opment of the global modelling methodology, it has been necessary to
test various implementation schemes. This required the building of different finite element
models (local non linear models, local super-element models, global super-element models)
and the development of severa utility routinesin order to facilitate the definition, use and
post-processi ng of the global model. As an example, modelling of deformation of a 3-stringer
panel asa function of laser paths is shownin Figure 1.2.4.3.

Figure 1.2.4.3: Global modelling of 3 stringers-panel. — Vertical displacement after 68 paths.

Due to the unexpected distortions experienced in WP2, detailed simulation of the global
behaviour was used to support understanding of this effects. To do so, partner EAF has
developed a simulation chain for forming of large panels with the following steps:

- loca therma simulation,

- local mechanical simulation,

- globa mechanical ssimulation using afield transfer approach.
This method has been applied on a1l m long stiffened panel and a4 mlong stiffened panel. In
afirst step, a1l mwide and 10 cm long panel with 3 stringers has been simulated. The forming
parameters (power, spot diameter and position of the paths) have been defined by partner
IWB.
The thermal model uses a heat source, which is moved aong the forming paths.
After the thermal simulation, the local mechanical simulation is performed, using the same
mesh. The Figure 1.2.4.4 presents the displacement and stress field during forming. The
positions of the forming paths are clearly visible. Then a procedure is used to transfer the
plastic strains from the local model onto the 1 m long panel (Figure 1.2.4.5). This procedureis
based on an elastic procedure, using thermal expansion as described in deliverable D4.3. The
results were in global agreement with the experiments performed by IWB.
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Figure 1.2.4.4 Loca mechanical simulation
Displacement x 10 Displacement x10

In order to evaluate the usability of the process for industrial components, a simulation has
been performed for a4 m long panel (which is representative of amedium-size panel). The
same method than for the 1 m long panel has been used. The results are presented on Figure
1.2.4.6.

Figure 1.2.4.6: Distortion of a4 m long panel — Displacement x 10

In terms of longitudinal distortions, the deflections induced by the forming are 15 mm for the
1 m long panel and 22 mm for the 4 m panel. These values are not negligible and have to be
compared to the industrial production tolerances in order to check their acceptability.

In order to explain the twisting, being observed experimentally, a numerical analysis has been
performed. Since a qualitative explanation was needed, simplified models have been used.
The principle of the simulation was to introduce athermal strain within the finite element
model in order to recreate the shrinkage induced by the real process. No heat source was used.
The following assumptions have been made:

- welding is taken into account and is introduced as a shrinkage within seams

- seams are created in one step (shrinkage is introduced at the same time for the whole length)
- all the seams are created at the same time

- the forming paths are created one after another,

- each forming path is created in 3 steps (1/3 of the length, then another 1/3, then the last 1/3).
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As aresult, no twisting was observed. To overcome the incapacity of the simulation to
reproduce the twisting, different solutions have been tested:

- useof other solvers (RIKS and EXPLICIT solvers),

- introduction of geometric imperfections into the structure.

Thefirst attempt was driven by the fact, that the instability was possibly not caught by the
NEWTON-RAPHSON solver. The RIKS method allows handling snap-through problems and
the explicit solver takes the inertiainto account. However, both solvers led to the same results
than before.

The introduction of geometric imperfections aimed at triggering the instability by breaking
the symmetry. The following procedure has been used:

- small geometric imperfections are introduced within the mesh,

- themesh ismodified but no initial stressis introduced.

Figure 1.2.4.7 clearly shows, that the twisting is related to geometric imperfections. A small
amount of imperfection triggers a high amount of twisting (20 mm).
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Figure 1.2.4.7: Impact of geometric imperfection on twisting
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An analysis has then been carried out in order to check the sensitivity of the twisting to the

distribution of the geometric imperfection and the amount of geometric imperfection. The

conclusions are the following:

- the twisting pattern and val ue does not seem to be sensitive to the imperfection patterns: two
imperfection distribution have been used, leading to the same twisting,

- the amount of imperfection has no influence on the twisting value. Below avalue, no
twisting is observed. Beyond a certain value, twisting is triggered, with the same value.

Further analysis was to correct the fina shape after forming. The idea was to evaluate the
necessary forces to correct the shape and check if they are small enough to be acceptable. As
aresult, to correct the shape, it is necessary to use many fixture points and very high forces.

As aconclusion, and according to these simulations, the process does not seem suitable to the
manufacturing of large panels without unwanted distorsion.

125 WP5: Economical evaluation, exploitation & dissemination

WP5 consisted originally of 3 Tasks with the objective to prepare an economical evaluation of
laser based forming processes devel oped during the project to create an exploitation and
dissemination plan based on all partnersinputs. It was successfully completed, including 3
planned Deliverable reports D5.1, D5.2 and D5.3, but with up to 6 months delay compared to
the origina planning and the set Milestonesin Annex |, issue a (see Tables1.2.5.1, 1.2.5.2).

Table 1.2.5.1: Deliverables list

Del. |Deliverablename Task |Datedue, |Délivery, |Lead con-

no no. |month month  |tractor

D5.1 |Economical evauationreport of |5 24 30 AlF
reference cases

D5.2 | Economical evaluation report 5 33 36 EAF
considering the whole
manufacturing chain

D5.3a |First exploitation and 5 12 12 al
dissemination plans

D5.3b |Fina exploitation and 5 36 36 al
dissemination plans

D5.3c | Summary exploitation & 5 36 36 INA
economical evaluation report

Table 1.2.5.2: Milestones list

MS [Milestone name Task |Datedue |Delivery,|Lead con-

no. no. |month month |tractor

M5.1 | Economical evaluation report on selected 4 24 30 AlF
reference cases available

M5.2 | Economical evaluation report of new process |4 33 36 EAF
performed

M5.3 | Exploitation plan and economical evaluation |4 36 36 INA
report available
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More detail s about work content and the results, reached, are summarized in the following
Task descriptions.

Task 5.1: Definition of acommon base line

It was agreed to define 3 case studies, one for each industrial partner, involved in this Task
(AIF, AID, DAS), according to the most likely process, since the impact of the cost of laser
forming will depend also on the savingsin the previous or further manufacturing operations.
The assumption of possible manufacturing scenarios was based on the process know-how
generated in WP's 1 and 2, including specific parameterslike

- type of laser beam source, influencing investment cost,

- need for coating (absorption of surface), influencing process duration and cost,

- applicable feed, influencing process duration,

- achievable bending angle, influencing number of laser lines (process duration).

Based on that, the following cases have been selected:

1) A complex integrally machined single curved thin panel currently formed by successive
bending (AIF)

2.) A single curved panel with laser beam welded stringers (AID)

3.) A complex integrally machined thick panel for assessment of laser peen forming (DAS)

It has been further defined to avoid costs disclosure. Thus only relative valueswere cal culated
by evaluation of savings on a case to case basis, based on a comparative study.

In addition, recurring costs are agreed to be calculated by each partner usng its own basis.

For non recurring costs, investments are to be considered like dedicated laser beam machine
tool, tooling, measuring device, simulation equipment and programming tools.

As an output of this Task, the manufacturing sequences of the 3 specific cases, using the
conventional processes and laser beam or peen forming, have been defined.

Task 5.2: Economical evaluation

After basic definitionsin Task 5.1, the economical evaluation of laser forming and combined
processes was performed. As different scenarios have been selected by the different end user
partners AIF, AID and DAS, the resulting economical evaluations differ and are therefore
described separately.

For AIF, the main influencing factors for the evaluation were specified (see Table 1.2.5.3). A
detailed evaluation has then been performed, taken into account all cost factors and process
steps. As aconclusion, LBF is competitive for the shape calibration operations of the selected
2D complex panel, but not for the forming operation. Process time can be reduced from 20 h
(calibration done by hand) to 2,5 h (LBF including self learning process), which is afactor of
8. However, this application is a niche (only 4 relevant panels per aircraft). Payback is too
long if an investment is to be done (12 years), but is applicable with existing machine tool
(pay back estimated to 4 years).
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Table 1.2.5.3: Specification of influencing factors for AIF evaluation

Main influences to be consider ed
during the evaluation

WP5 definitions by AlF

Oversizes of semifinished products

For 2D panels. Same for conventional and LBF (thus not
taken into account).

Production and thear

sequence

steps

According to flow diagrams for conventiona process and
new process incorporating LBF for welded panels

Structural areato be evaluated

The evaluation is focused on a single pandl.

Definition of baseling(s)

Complex 2D panel, 7175 skin alloy, machined stringerg
(LR Aircraft): 2D machined panel + bending forming

For AID, the main influencing factors for the evaluation were specified (see Table 1.2.5.4).

Table 1.2.5.4: Specification of influencing factors for AID evaluation

Main influences to be considered
during the evaluation

\WP5 definitionsby AID

Oversizes of semifinished products

For 2D panels. Same for roll forming and LBF (thus not
taken into account).

Production and theair

sequence

steps

According to flow diagrams for conventional process and
new process incorporating LBF for welded panels

Structural areato be evaluated

The evaluation is focused on a single pandl.

Definition of baseline(s)

2D panel, 6013 skin aloy, laser beam welded stringers (as
in section 14 of A340-600 HGW).

2D welded panel roll formed

2D welded pandl roll formed + reshaped

Definition of the number and types|
of variants to be investigated

Scenario 1. 2D panel LBF with NdY AG-laser
Scenario 2: 2D panel LBF, CO2-laser, “grey” surface
Scenario 3: 2D panel LBF, CO2-laser, “black” surface

A detailed evaluation has then been performed, taken into account all cost factors and process
steps. Based on that, the following conclusions have been found:

forming process.
Taking into account the eff

Due to the focus on 2D-panels, LBF cannot compete with the conventional simple roll

ort for the reshaping process, required for welded panels,

the LBF process becomes cost competitive.

However, amodification of
LBF scenario 3 (CO2, bl

LBF scenario 1 (NdY AG) reduces the process time by afactor of 2,3
LBF scenario 2 (CO2, grey surface) reduces the process time by a factor of 3,8.

the pickling bath is required.
ack surface) has the shortest pure LBF process time.

However, additional time required for painting and subsequent removal of the black
surface layer resultsin atotal time equal to the roll forming/reshaping process.

For DAS, specific cost evaluation
because of the limitations of LBF

was very difficult due to the focus on the LPF process
to low thicknesses. Although technical feasibility of LPF

has been demonstrated, gathered data of relevant economical parameters was not sufficient to
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perform a rea cost evaluation at this basic stage of LPF development. Thus, only a rough
estimation of the potential of the LPF was possible. One approach is seen in FHgure 1.2.5.1,
showing the cost distribution of conventional (manual) forming (using press and skill
working) between forming effort, 3 axes milling and material consumption. In this case, the
machining is donein flat as for LPF, but then formed by press and manual working. The new
approach is to replace conventional forming by LPF. Thus, the material and milling costs are
equal in both cases. The forming cost has the highest importance and consequently, LPF has
the potentia to effectively contribute to cost reduction in an industrial production process.

Manual forming

70%

60% +———

@ Manual forming

50% +——

40% ———

30% ——

20% +——

10% +——
0%

forming machining material

Figure 1.2.5.1: Cost distribution of conventional manual forming of selected DAS component

The major conclusion of this economical study is that competitivenessis linked with manual
operation avoidance. Thisis not specific to L BF but more generally provided by a better
control of aforming process, being incremental in nature, which allows combination of
forming and measurement.

An appropriate economical evaluation would require a comparison of LBF or LPF with a

process of the same nature. However, today such processes are more or less at the same level
of development as LBF or LPF.

Task 5.3: Exploitation and dissemination

This Task was pushed and well organized by the Project Exploitation Manager (partner INA).
A specia template was created to continuously collect all partners exploitation input and a
special software (freeware) was used to evaluate this input. In addition, inputs were collected
from all partners to create and update the “Plan for using and disseminating the knowledge”,
which was added as Appendix 1 inthe annual reporting to the EC. A “Final plan for using and
disseminating the knowledge” was prepared to be annexed to the fina reporting documents.
The publishable results of that document are summarized in chapter 2.
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13 Degreeto which the objectives wer e reached

The following measurable major objectives were originally envisaged in the project:

1. Forming stiffened structures to single curvature of 1250 to 3000 mm radii along stiffeners
2. Forming bi-axially curved structureswith additional 20000 mm radius across stiffeners
3. Veification of estimated shell manufacturing cost reduction of 10 % by more processing
in aflat condition and a further 10 % by avoidance of heavy and complex tooling

4. Shell weight reduction of 10 % with new alloys, less useful with conventional forming

131 Forming stiffened structuresto single curvature along stiffeners

This first magjor objective has been fully reached, when Laser Beam Forming (LBF) is applied
to stiffened structures with bonded stringers. In this case, no unwanted distortion, twisting or
kinking is found. Consequently, the effort to reach the desired geometry should be low, even
without using the developed self learning system, but applying only the large experience
gathered during the project.

Even in the case of welded stringers, is seems to be realistic to reach that objective. In this
case, more effort is necessary to form a larger set of identical structures and to consequently
apply the developed self learning system in order to include the distortion effects in the laser
path strategy to be applied. The learning curve would speed up very quickly, alowing the
forming of specific component geometries, and the integrated optical temperature
measurement system can act asin-line quality control system for industrial manufacturing.

Finally, the basic evaluation of Laser Peen Forming (LPF) as back-up process for structures
with higher wall thickness was successful enough to forecast the ability to fulfill this objective
for single curvature forming and thin-walled structures, although it has been applied for more
complex 3D forming. Nevertheless alot of additional work will be necessary to prove this.

132 Forming bi-axially curved structures across stiffeners

Although the respective WP3 was finally skipped with the latest Annex 1, issue d, the project
results showed that forming across the stiffeners is possible with the LBF process. The only
problem was to control such deformations and to introduce them into the laser path strategy to
reach the desired geometry. As already mentioned in chapter 1.3.1, the consequent application
of the developed self learning system to a specific number of identical stiffened structures will
solve that problem. It is expected, that a first specific geometry needs a high number of trials
and thus identical structures to be prepared and formed, but with increasing “experience” of
the system, the learning curve should speed up dramatically, requiring only limited numbers
of partsto realize new types of bi-axially curved structures with new geometries.

In addition, the basic evaluation of the LPF process was performed on such a 3D structure,
but with high wall thickness. The results showed the principle ability of such a process to
create even smaller radii than the envisaged 10000 mm across the stiffeners. Nevertheless, a
lot of additional work is necessary to show the overal performance of that process also for
reduced wall thickness and different Aluminum alloys.
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133 Verification of estimated shell manufacturing cost reduction

This objective has been split into cost reduction of 10 % by more processing in a flat
condition and a further 10 % by avoidance of heavy and complex tooling. Although cost
evauation results in WP5 are described by avoiding absolute cost disclosure for competition
reasons, this objective is neverthel ess reached due to the following reasons:

1.) The cost evaluation has identified specific cases, where LBF can compete with the
current process chain and others, where this is not the case. This shows, that the
applied evaluation procedure was sel ective enough.

2.) The reduction of process time by a factor of 2.3 (AID scenario 1), 3,8 (AID scenario
2) and 8 (AIF scenario) is not amargina improvement but should be sufficiently high
to create cost reductions that are higher than 10 %.

3.) The LBF process applied to large complex structures was developed in a way to have
them hanging in a quite simple frame with slight fixtures to allow free motion during
forming but secure positioning for geometry and temperature measurement. This tool
is absolutely flexible and low cost compared to heavy steel dies, necessary for each
types of panels. Thus it is obvious to create a cost reduction, which is not neglectable
and which can easily reach 10 % of the total processing cost of the component.

As pointed out, these arguments cannot be applied for LPF to perform a good cost evaluation
due to insufficient economical parameters available at this basic stage of LPF development. In
any case, thereis aneed for a specific forming tool, able to constrain the structure during the
process, which needs sufficient weight and stiffness and thus does not save costs compared to
conventional dies. The residual effect of flat processing should assure some cost savings due
to reduced thickness of semifinished plate and thus reduced machining effort, if full
machining without subsequent conventional forming is applied. However, the major cost item
is the forming, which requires specific time and experienced staff. This parameter is moving
for LPF due to the continuous improvement of laser sources in terms of power, treatable
surface with one shot and pul se frequency.

134 Shell weight reduction of 10 % with new alloys

This objective has been addressed by investigations on the AlLi aloy 1424, which has a
reduced density due to the Lithium content, is laser weldable and was available in the desired
sheet form. Unfortunately this specific aloy did not pass the set value of 10 % drop of
mechanical properties during LBF processing due to its high susceptibility against heat
impacts after installation of the fina heat temper. Other AlLi alloys exist, like AA2098,
which are envisaged to be applied in future metallic fuselage concepts. Unfortunately they
were not available during the project duration and thus it was not possible to check their
suitability. On the other hand, such alloys (including 11424) should be suitable for the LPF
process, because of the neglectable thermal impact during this procedure.
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14 Achievements of the project related to the state of theart

14.1 State of the art before project start

In the aircraft industry, laser based technologies such as laser cutting of parts and chemical
milling masks, laser drilling and laser beam welding are used to an increasing extent for the
manufacturing of aircraft structures. The utilisation of laser energy for forming tasks is a
logical step forward towards an innovative and highly flexible manufacturing scenario.

Before project start, activities on shaping by laser have been carried out only outside the
aerospace industry and mainly regarding small electro-optical-mechanical precision
components such as fibre couplings for telecommunication industry, complex optical lens
systems (photocopiers, wafer steppers), computer peripheras (disk, CD drives, DVD),
recording heads (digital audio/video), modern display systems (cathode ray electron gun,
opto-electronics), illumination systems (automotive lamps), micro-electro-mechanical
systems (MEMS) as well as electrical contacts and switches.

Pulsed NdYAG, Excimer, Diode and CO, lasers for high precison bending has been
demonstrated on Ni alloys, Stainless Steel, Be-Cu and nanocrystalline structures, but not yet
on Al aloys. Laser beam forming of large sheet metal structures has been applied on steel, but
again thereis still little knowledge with Al as favourite material for aerospace applications.

Until project start, laser forming has been performed using empirically gained results. Thus
the results were only applicable for the specific cases investigated in these publications. To
overcome these shortcomings, severa efforts have been made to simulate the process. A
number of finite element models have been developed, but most of them were proposed for a
single laser beam pass of the work piece only. Only one more generic model has been
developed for the simulation of more complex shapes such as the sine shape, but this was
dedicated to steel sheet. Analytical models have been developed as well. Again, most of them
were case specific, whereas one more common model was done for steel sheets.

14.2 Achievements of the project

The achievements are a major step beyond the state of the art and summarized as following:

e Influence on material properties
Determination of material properties and influences (static and fatigue strength, crack
propagation, corrosion properties) as afunction of process parameters

¢ Interactions of process parameters, different materials and forming strategy
Influence of the intensity of the heat source, exposure time and material on the process
results. Timing and locality of material heat exposure for increased process
predictability.Process devel opment
Development & validation of an on-line measurement and control system for laser beam
forming of Al structures by iterative and analytic devel opment and combination of
- optimised laser beam path strategy
- geometry measurements
- computer control based on stored strategies with self-learning correction functions
- control algorithms for arobot based laser forming application
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Simulation

Development & validation of an on-line measurement and control system for laser beam
forming of Aluminium structures by iterative and anal ytic devel opment and combination.
Spin-off

While laser beam forming is attractive for the manufacturing of thin panels, it is of limited
suitability for thicker structures. Indeed, the necessary amount of plastic strain for bending
presumably requires a through-thickness temperature gradient that may lead to important
micro-structural material aterations. For this type of components, the laser peen forming
has been evaluated to be avery promising aternative.
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2 Dissemination and use

In WP5, the plan for using and dissemination the knowledge was prepared by the Project
Exploitation Manager (INA) and continuously updated with all partnersinputs. A “Fina plan
for using and disseminating the knowledge” was prepared to be annexed to the final reporting
documents. The publishable results of that document are summarized in the following.

2.1 Exploitable Knowledge and its Use
The project aimed to address significant challengesrelated to the following user groups:

» the aerospace metallic material producers

» the manufacturers of sheet metal process equipment and systems

» the measurement and testing equipment producers

» thedevelopers and users of Laser Beam Forming process monitoring sensors
= theresearch laboratories and process development sites

The first analysis of exploitation potential of the project results was available at the end of
Year 1. Results and planned dissemination activities form the Appendix 1 of the yearly
reports. Since then and in the form of a“living document” this appendix was updated yearly
or when a new result was available. It is noted that the present exploitable results are defined
as knowledge having a considerable potential for one or more of the following:

(1) industrial or commercial application in research activities
(i)  developing, creating or marketing a product or process
(ili)  creating or providing a service.

Table 2.1.1 in the following pages lists the exploitable results referring to knowledge
generated within this project, their type, the application range and the partners owning the
result or the partner leading the exploitation activities. The partnersinvolved in each
exploitable knowledge item are shown at the last column of the Table. Where more than one
partner appears, then it is understood that these partners share the ownership of the result.

Table 2.1.1: Overview on exploitable results and related information

Exploitable knowledge Exploitable Sector (s) of Timetable |Patents| Owner &
(description) product(s) or application for or other Other
measur &(S) commer cial IPR Partner(s)

use (after |protec-| involved
project end) | tion

Know how on the laser Scenarios for opt. Aircraft lyear None | Consortium
beam forming processfor | manufacturing production

the manufacturing of Processes, process

fuselage structures qudlification plan

Introduction of an Process qudlification | Aircraft 2years None | Airbusand
optimised manufacturing production key partners
process chain for aircraft

(fuselage) structures

Definition of a general Software Tools Engineering 2 years None | ALA

methodology for solving
processes problems

Static tests on formed Exp. Results Sheet forming 3years None | ALA
1S237/6013 specimens
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Static, fatigue, corrosion, | Exp. Results Sheet forming 4 years None | ALA
and methallographic
investigation on specimen
cut of formed, thin walled
1S237and 6013 coupons
Task 4.2 benchmark model | Exp. Results Sheet forming 5 years None | ALA
for control unit input
Mechanical Reports Aeronautics N/A None | DAS/EAF
characterisation on laser
peen formed specimens
Global expertisein Aircraft fuselage Sheet forming > 5years None | AlF, AID,
processing LBF panels EAF, IWB,
RTM, DAS
Materials behaviour Aircraft fuselage Materials Before None | AlF, AID,
during LBF panels characterization | project end EAF, IWB,
RTM, DAS
Forming behaviour of Aircraft fuselage Panel > 5 years None | EAG, IWB
complex parts panels manufacturing
Corrosion behaviour of Aircraft fuselage Characterisation | > 1 year None | EAG
LBFormed Al -sheets panels
Knowledge of therelevant | Reports Aeronautics, car | 5—10years | None | EAF
laser parameters to laser industry
beam form an Al panel
Proven methodology to Reports Aeronautics, car | 5—10years | None | EAF
simulate laser beam industry
forming of Al sheets
Know-how on laser path Software tools Materia 4 years None | INA
strategies for AL alloys processing
Development of M ethodol ogy Material 4years None | IST
numerical methods for processing
prediction of temperature
and residual strains
distribution in Al laser
beam formed structures
Suitable forming Aircraft fuselage Sheet forming > 5 years None | AlF, AID,
parameters for 6013 and panels EAF, EAG,
6056 alloys RTM, DAS
Suitable path and Aircraft fuselage Sheet forming > 5years None | AlF, AID,
measurement strategy panels EAF, EAG,
RTM, DAS
Integration of simulation Aircraft fuselage Sheet forming > 5years None | AlF, AID,
to create a self teaching panels EAF, EAG,
process RTM, DAS
Laser Beam Forming Workshop activity of | Wide radii of Immediately | None | RTM
Technology on LB forming for third | curvaturein
Aluminium alloys parties on demand industrial
production

Regarding IPR issues, there is no provision for issuing patents for any of the obtained results.
Where more than one partner owns aresult thisis shared among them on equal basis.
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In order to have a better insight of the ECOSHAPE exploitable results and to identify their
potential, an additional study was performed based on questionnaires filled by experts of each
of the consortium members. A dedicated software tool (ProGrid) was used for the analysis
and decision support phase. The analysis of results was possible for the cases where
appropriate information was available. For each result, various criteria were assessed,
investigating short and long term potential. The criteria that were addressed are described in
Figure 2.1.1 and a depictiveview of ECOSHAPE exploitable results analysisisgivenin
Figure 2.1.2. More detailed but consortium confidential evaluation for each partner is
presented in the project internal Deliverable report D5.3c, which isthe “Fina plan for using
and disseminating the knowledge’. Details concerning the eval uation method can be asked
from the Project Exploitation Manager (partner INA).

Besides other common conclusions, analysis reveal s that results with higher potential for short
term exploitation regard mainly acquired knowledge (experimental data) on the processes and
methods development (FEM analysis). In addition, it was highlighted that further
development is necessary before Laser Beam Forming process can be adopted at industrial
scale. It was also noted that further development activities should include actors from other
industrial sectors for example the automotive industry.

e Short Term: The exploitation potential is | E————————————
high after project’s end s L

e Medium Term The exploitation potential
is high after 0-3 years of project’s end

e Long Term The exploitation potential is
high after 5 years of project’s end

e Exploitation Plan The exploitation plan
has been written in a concise way with
al details and assumptions clearly
described

e Capacity The partner(s) has the capacity
to fully exploit the result(s)

e Collaboration Collaboration with
interested parties has been foreseen or
sought

e Technology Transfer The technology
transfer potential is high

e Direct Benefits The direct benefits are
anticipated to be over the current
estimations

I ndirect Benefits Theindirect benefits are
anticipated to be well over the current

estimations
Criteria used for the assessment of Example of assessment of the potential of each
ECOSHAPE exploitable results result by means of score in each of the criteria

Figure 2.1.1: Overview on assessment of ECOSHAPE exploitable results
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. — Knowledge Exploitation Grid:
Exploitable knowledge (description) Code a P
Desision Grid
Know how on the laser beam forming process for the manufacturing of fuselage AID-1 v =W ESISITHDAS” pares Results with
structures ® EAF ° INA o 1sT & we higher
Introduction of an optimised manufacturing process chain for aircraft (fuselage) AID-2 ffnTM\ = - — — 9 -
This chart shows the grid position for this decision, in potent'al for
-S-tI'LICtieS_ —— — — — — — — — — — — 9 T ‘terms luf!wu owerarching objectives - Exploitation -7 ex |0itati0n
IDefinition of a general methodology for solving processes problems ALAL g °T poteniial (Y Axi) and Benefila/mpacts (X Axis), = P
: ; F1 S .
hask;zsm_tftLMnm o 1201603 ssaets . — — — AT | £ .| || Emphasis on
Task 2.3 Static, fatihue, corrosion, and methallographic investigation on specimen cut | ALA3 5 gained know-
out of RTM formed, thinwalled 1S237and 6013 coupons :
£ -] how
Task 4.2 Benchmark model for the control unit input ALA4 k]
2
Mechanical cheracterisaion onlase peen formed specimens _ __ __ __ L DAS || & 2 b -op b oSN Technical
Global expertise in processing LBF EAI}_II CTr T T T T progress is
Materials behaviour during LBF EAD-2 ° ® 8 a 8 o6 B8 & 9 8 8 m necessary
Forming behaviour of complex parts EAD-3 Benefit/impact [0 - 10]
Corrosion behaviour of LBFormed Al-sheets EAD-4 Overall Score
Knowledge of the relevant laser parameters to laser beam form an aluminium panel EAF4 e AR IARaALAS TR D EARZEADIEAD
Proven methodology to simulate laser beam forming of aluminium sheets EAF2 e —— e
100
Know-how on laser path strategies for AL alloys INA % :
g — e— — — — — — — — — — — — (The overall score is a measure of the distance of the
bevelopment of numerical methods for the prediction of temperature and residual T | 8 71 o ;D"If«"f’n"1"’0“::‘;?;“':;‘:;"1"0’;;2 Ue:u"?h:;ghvgng
fzain disribution jn alminium aser beam formed srucres . __ o ol d | | 1 g 5 '
E
Suitable forming parameters for 6013 and 6056 alloys IWB-1 .ﬁ w
50
Suitable path and measurement strategy WB-2 3w |
Integration of simulation to create a self teaching process IWB-3 °a H
Laser Beam Forming Technology on Aluminium alloys RTM-1 @ M
10 ml
Laser Beam Forming Technology on Aluminium alloys RTM-2 )
1 2 3 a4
Results No.

Results overall score

Figure 2.1.2: Depictive view of ECOSHAPE exploitable results analysis

2.2

Dissemination of Knowledge

The Dissemination Table 2.2.1 presents the dissemination activities performed during and
after the span of the project. The Dissemination Table was updated with the partners

activities and plans at each Consortium meeting.

Table 2.2.1: Dissemination activities performed by the consortium

Planned/ Type Type of audience Countries | Sizeof Partner
actual addressed audi- | responsible
dates ence | /involved

Okt. 2004 | Newdletter Research and industr. | Germany 500 IWB

April 2005 | Conference Forming specialists International | 100 IWB
presentation audience

June 2005 | Presentation/ | Laser specidlists International | 200 IWB
Tradefair audience

Feb. 2006 | ECOSHAPE | Internet International | >500 | Consortium
Homepage

June 2006 | European Research and International | >500 | IWB
Aeron. Days | industrial

June 2007 | Publication Research International | >500 | IST

June 2007 | Conference Research and industr. | International | 150 UNISA

Sept. 2007 | Conference Research and industr. | International | 200 IWB
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2.3 Publishableresults

The publishable results are summarized in chapter 1 of this Publishable Final Activity Report
and were published in somewhat more detail during the dissemination activities summarized
in Table2.2.1.
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