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Introduction INNOHYBOX project

Project consortium

3 Project INNOHYBOX - Innovative solutions for metallic ribs or fittings introduced in a composite box to optimally
deal with thermo-mechanical effects

3 H2020 Clean Sky 2 Project (Call H2020-CS2-CFP06-2017-01, reference 785433)

i1 Topic Manager & 2\//'\15.\';'/}\(‘)!/\'[7- Benoit Morlet Project Funding Distribution

Eurecat

o Project Leader  @Ulrecal Angel Lagrafia

Centre Tecnologic de Catalunya @

AMADE-UdG

0 Partners m AMADE UdG Dr. Josep Costa
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Introduction INNOHYBOX project

Project participants: AMADE

3 Main reasercher: Dr. Josep Costa

3 Post Docs

Dr. José Manuel Dr. Aravind Sasikumar Dr. Jordi Llobet

1 Master Students: Marc Martinez, Carlos Samaniego Arguello

2 AMADE lab team
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Introduction INNOHYBOX project

Background

Wing of an aircraft

3 CFRP laminates increasingly used in
the aeronautical industry while metallic
parts are also maintained - hybrid .
assemblies e g Upper Cover

1 Due to their high strength and ease to
disassemble, these hybrid assemblies are
usually bolted

Side Stay Fitting
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Introduction
Background

CFRP laminates increasingly used in
the aeronautical industry while metallic
parts are also maintained - hybrid
assemblies

Due to their high strength and ease to
disassemble, these hybrid assemblies are
usually bolted

During aircraft operation, high thermal
jumps occur (temperature difference
between a landed plane and one flying
can reach 140 °C) - high thermal
stresses

Hybrid bolted joints - materials of the
joint expand or contract differently leading
to thermal stresses and alterations of
the bolted joint response

Wing of an aircraft

Side Stay Fitting

INNOHYBOX project

Upper Cover
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Introduction INNOHYBOX project

Project objective

Obijectives Pyramidal approach

Thermal characterization of
composite box components St ru Ct u ral I evel
Modelization of the thermal

behaviour of hybrid
assemblies

Development of improved
metallic ribs and fittings
Thermal testing of entire

hybrid wing box

~ INNOHYBOX Sub-Structural level

Coupon level
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Coupon level INNOHYBOX project

Project objective

Coupon level test
DCB

Coupon level

3 Many tests were done to characterize and
understand hybrid bolted joints:

Friction tests
C-ELS Friction
DCB

In-plane shear

Tension

Single-lap shear
Thermal/Moisture expansion

In-plane shear

£l £l

Tension

g £ £ £ £

Thermal/Moisture expansion

Single lap shear
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Coupon level INNOHYBOX project
Coupon level

Testing at cryogenic and high
temperatures

3 Friction between dissimilar joints
3 Interlaminar fracture toughness

3 Single-lap shear joint
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Subcomponent INNOHYBOX project

Subcomponent experimental test

3 Small representative part of the wingbox
3 Instrumented with strain gauges

3 Negative and positive thermal test
conducted

3 Compared with numerical model
Skin-Top

Spar-Left Spar-Right

Bolt

Skin-Bottom



Subcomponent INNOHYBOX project
Subcomponent experimental test

Pictures at end of test (-40 °C)




Subcomponent INNOHYBOX project

Subcomponent numerical model
3D solids

Bolt-washer-nut

Contact between
bolt shaft and hole

o ek
‘ontact between
plates \Bottom plate

i
Contact between udaG
washer and bottom plate - I_.




Subcomponent INNOHYBOX project

Subcomponent numerical model
3D solids Continuum Shell

Skin
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Subcomponent INNOHYBOX project

Subcomponent numerical model
3D solids Continuum Shell Conventional Shell

Bolt-washer-n

Contact between the
Beam SFM Beam SFM and
the hole SFM
Contact between
bolt shaft and hole

i
Shell virtual /  .--+ -
thickness ™\

________
-——

the

Contact between virtual thickness
plates \ Bottom plate

Contact between

i
Contact between plates Contact between udG
washer and bottom plate SFM and hole Ny ! I.l




Introduction | Coupon level | Subcomponent | Wingbox resultS FConcitciNCERSKS INNOHYBOX project

Subcomponent numerical vs experiment

3 Compared at the end of the test (-40 °C)

3 Good agreement in all the strain gauges in all parts (rib, skin and spar)

Rib Skin
—-1600 S
BN Exp LT B CONTS ~350 - BN Exp LT B CONTS
BN 3D solids WM CONVS BN 3Dsolids MM CONVS
—1400 —400 -
—-300 -
~1200 - >0 4
—300 - -
——1000 - 5 o
g E g 200
- c .
g —800 5 —200 £ -150-
' _600 - ? ' ~100-
-100 -
—400 - ~50 -
—200 - B Exp LT BN CONTS 0 '
|| SD solids B CONVS
0 - I I | T | ] 50 - I I |
SG_1 SG 2 SG3 SG.A4 SG_5 5G_6 5G_7 5G_8 5G_95G_10 SG_1 SG_Z 55_5 SG_6
Rib strain gauge Skin strain gauge Spar strain gauge
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Wingbox results

Wingbox assembly

tanium)

Ti

(

B riate

I skin (CFRP)

B spar (CFRP)

Single rib (Aluminium)

)

B stringers (CFRP

[ ] Dpouble rib (Aluminium)




Wingbox results INNOHYBOX project

Experimental testing: instrumentation

3 64 strain gauges placed at different locations
3 Type of strain gauge selected according to the part material

3 16 thermocouples placed at different wingbox locations to track the global thermal field
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Introduction | Coupon level | Subcomponent | Wingbox resultssConcltcincremanks

INNOHYBOX project
Experimental testing: thermal chamber

3 Big thermal chamber designed to accommodate wingbox

3 Sandwich panels of 100 mm made of rock wool and steel

AIR OUT
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Wingbox results INNOHYBOX project
Experimental testing: thermal chamber

3 Pictures of real testing chamber and wingbox inside




Wingbox results INNOHYBOX project
Experimental testing: thermal chamber

3 Negative and positive thermal test were done

3 Tests were 8 hours long and uniform
temperature was achieved




Wingbox results INNOHYBOX project

Wingbox finite element model

| CFRP B Aluminium WM Steel B Titanium B9 Compliant material W Rigid material Il SFM]|

1 Parts as continuum shells
Single rib
Spar

3 Bolts as beam + SFM (more than 200)
3 Contact with friction
3 Fully automated using Python
3 1.2 million elements

o 7-9 hours of simulation time
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Wingbox results INNOHYBOX project

Global deformation

U, Magnitude

3 Deformed shape with negative thermal test (numerical model)

3 Ribs compressed and pulled the other parts to bend
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Single rib
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Wingbox results INNOHYBOX project
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Strain [ue]

Double rib
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Wingbox results INNOHYBOX project

Double rib vs single rib hoop stress

S, 22 (CSYS-SRC)
SNEG, (fraction = -1.0)
+2.657e+02
+2.000e+02
+1.775e+02
2 Single rib slightly larger values 11325010
. e
L. g g y g +1.100e+02
+8.750e+01
+6.500e+01
+4.250e+01
+2.000e+01
-2.500e+00
-2.500e+01
-4.750e+01
=7.000e+01
-8.006e+01

03 Critical hoop stresses (200 Mpa) around hole for both ribs
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Wingbox results INNOHYBOX project
Ribs edge vs center deformation and stress
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Wingbox results INNOHYBOX project

Ribs mouse hole edge bay comparison

Single rib Double rib
Edge bay mouse hole Edge bay mouse hole

S, S22 (MH_DR_bay1)
SNEG, (fraction = -1.0)
(Avg: 75%)
+1.406e+02
+1.000e+02
+8.583e+01
+7.167e+01
+5.750e+01
+4.333e+01
+2.917e+01
+1.500e+01
+8.333e-01
-1.333e+01
-2.750e+01
-4.167e+01
-5.583e+01
-7.000e+01
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Wingbox results INNOHYBOX project
Top skin

Top Skin: Top surface
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1 Qualitative trends predicted correctly

0 But quantitatively, simulations overpredict

. e
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Concluding remarks
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Concluding remarks INNOHYBOX project

Conclusions

3 Successfully measured the evolution of the strain in a transient temperature test in a big structure

3 We learnt how to correct strain measurements under temperature testing

37
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Concluding remarks INNOHYBOX project

Conclusions

3 Successfully measured the evolution of the strain in a transient temperature test in a big structure

3 We learnt how to correct strain measurements under temperature testing

3 We developed a new tooling for friction that was used to establish the friction coefficient at different
temperatures and for dissimilar materials

3 As a new thing in AMADE, for the first time we were able to measure CTE and moisture expansion for
composite laminates and developed a new test procedure to measure the moisture expansion
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Concluding remarks INNOHYBOX project

Conclusions

3 Successfully measured the evolution of the strain in a transient temperature test in a big structure

3 We learnt how to correct strain measurements under temperature testing

3 We developed a new tooling for friction that was used to establish the friction coefficient at different
temperatures and for dissimilar materials

3 As a new thing in AMADE, for the first time we were able to measure CTE and moisture expansion for
composite laminates and developed a new test procedure to measure the moisture expansion

3 The proposed simplified model presents reasonable agreement with the experimental data,
especially with the metallic parts - Able to simulate large structures (250 bolts or more with contacts)
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Concluding remarks INNOHYBOX project

Conclusions

3 Successfully measured the evolution of the strain in a transient temperature test in a big structure

3 We learnt how to correct strain measurements under temperature testing

3 We developed a new tooling for friction that was used to establish the friction coefficient at different
temperatures and for dissimilar materials

3 As a new thing in AMADE, for the first time we were able to measure CTE and moisture expansion for
composite laminates and developed a new test procedure to measure the moisture expansion

3 The proposed simplified model presents reasonable agreement with the experimental data,
especially with the metallic parts - Able to simulate large structures (250 bolts or more with contacts)

3 Discrepancies between the numerical and experimental results may be attributed to:
3 Thermal residual stresses during the manufacturing process
3 Stresses due to the assembly

3 Associated uncertainty when measuring strains with gauges under temperature changes (x50

microstrains)
4G !
UdG
b ed l‘
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Concluding remarks INNOHYBOX project

Conclusions

3 Successfully measured the evolution of the strain in a transient temperature test in a big structure
3 We learnt how to correct strain measurements under temperature testing

3 We developed a new tooling for friction that was used to establish the friction coefficient at different
temperatures and for dissimilar materials

3 As a new thing in AMADE, for the first time we were able to measure CTE and moisture expansion for
composite laminates and developed a new test procedure to measure the moisture expansion

3 The proposed simplified model presents reasonable agreement with the experimental data,
especially with the metallic parts - Able to simulate large structures (250 bolts or more with contacts)

3 Discrepancies between the numerical and experimental results may be attributed to:
3 Thermal residual stresses during the manufacturing process
3 Stresses due to the assembly

3 Associated uncertainty when measuring strains with gauges under temperature changes (x50
microstrains)
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2 We have 2 manuscripts under review and 4 more are planned —_— 1
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