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Overview *

U Project background

U Fibre Metal Laminates (FML)
O Manufacturing
O Overview test plan
O Experimental results for the FST behavior of FML

L Developments of a test facility for compression loading under fire
exposure (test concept, specimen device, test conditions, test
preparation)

U Summary & Outlook

SAFETY | FUTURE SKY 9 February, 2017 | 2



* *
* FUTURE SKY

FSS P7 Project background

O ,Mitigate risks of fire, smoke & fumes*

O Improving knowledge concerning OMC materials and structures
behaviours vs fire

L Assessing mechanical properteis of heated/burned/degraded materials

O Evaluating fire, smoke & toxicity (FST) behavior in order to propose
mitigating solutions

O Sharing database for future modelling purposes (expensive testing)

O Establishing/giving design recommendations

WP7.2. Focus: Improved FST-behavior by material solutions
(Geopolymers; Hybrid nonwovens; Fibre-metal laminates)

WP7.2. partners: 4#;7“ /ZLU +& LEONARDO

.. partner pramyslu INGENLITY AT YOLIR SERVICE
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Fibre Metal Laminates (FML)

O Carbon fibre laminates reinforced by steel plies for improved FST
properties

O Metal layers act as gas barrier

O Better burn-through resistance compared to cfrp

O Less smoke and toxic gases

Delamination of CFRP and metal layers

Metal layers act
as gas barrier

CFRP Metal layer
Fire Air insulation
between the
exposure |ayerS
Undamaged FML Damaged FML
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FML - manufacturing e

O Prepreg - Stainless Steel (Type 1.4310)
O Pre-Treatment of steel layers
0 Sandblasting

O using coupling agent 3M™ Surface Pre-Treatment
AC-130 from 3M Deutschland GmbH

O Autoclave curing @ 180°C

Steel
Prepreg
Prepreg with

protective
leaf

_ Tool-Part
Laminate layup separation layer

Pre-Treatment with coupling
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FML - manufacturing
Q 2mm thick laminates with symmetric and
balanced layups with 0,030
0,080 632
O 8 Laminates dividing 3 test groups to different 0,125 987,5
layup, weight and number of metal layers Uit 1975
e 4 0,500 3950

Steel Type 1.4310 sheets used

Manufactured FML cross section

- 0° layer 0° layer Metal layer

L Water jet cutting to produce specimens
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Overview Test-plan
O Test Batch 1 Bum through v, v,
d FST-Test of FML setups Smoke density v v
Smoke toxicit
O Prepreg: Determination of mechanical e v v
DMA J O
properties wrt temperature ron v,
Shear ¢ O
Compression
O Test Batch 2 o &
Compression
under fire O

O Compression under fire exposure test exposure

: : : i Current status of the test program
0 FML: Determination of mechanical properties J i
one

wrt temperature O Ongoing
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Results of Burn-through test
d Temperature o 2-4029-80/30
decrease of 100°C 4-3950-125
and more possible 2-3950-250i Number
1-3950-500
L Number of metal
layers reduces 2-7300-500
2-3950-250a _
temperature most 51075195 — Weight
0 Small influence
through layer weight 47202292
gty gnt 5 3950-250i
or place 1-3950-500 — Place
0-0000-00
0 100 200 300 400 500

Temperature after 4min of fire exposure [°C]

-

= Burn-through test using a propane torch (Type K6 85kW):
| = 5min fire exposure; temperature measurement at the specimen back

TC at é'pecimeﬁ‘back'.'

s |

Flame exposure (5min)
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Results of Smoke density test
U Significant decrease of  7-4029-80/30 (a)
more than 50% 419757125
2-3950-250i
O All test groups allow 1-3950-500
less smoke density, 1500500 h
especially: 5 39509508
O Thicker metal 2-1975-125
Iayers 2-3950-250a ©
O Metal layer 2-3950-250
position close to 1-3950-500
outside 0-0000-00

0 20 40 60 80 100 120 140

Smoke density

Smoke density test according to CS/FAR Part 25

\ (Flaming mode 4min; Heat flux of 35 kW/m?)

Smoké chamber Heater and sample
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Results of smoke toxicity test i

L CO reduction to less  7.4029-80/30
than the half of cfrp 4-1975-125
possible 2-3950-250i

_ _ 1-3950-500
O Highest impact by

the layer number and  2-7900-500
place 2-3950-250a

_ 2-1975-125
O No influcence

Der

through metal layer ~ 2-3950-250a .
2-3950-250i
grammage 1-3950-500
0-0000-00

200 400 60,0 80,0 1000 120,0 1400
CO [ppm]

Results of Smoke toxicity test according to ABD 0031
(Measurement of HCI, HF, SO2, NOx, CO, HCN content)

Smoké chamber

Heater and sample
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Compression test under Fire exposure™™ ™"

Present results:

U Temperature reduction through substition of CFRP by FML of approx.
380°C to 240°C possible

Open questions & aims:

» Investigation of the interaction between mech. loading and fire

» Does the thermal behavior of FML also improve the load carrying

capability under fire exposure? How much?
» Is the accuracy of numerical predictions sufficient?

» Outlook: Comparison of CFRP and FML to different material solutions

= Compression test under fire exposure (test batch 2)
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Test concept )

O Constant compression load at virgin structure state

O Properties degrade or decompose with increasing fire
exposure duration - less load carrying capability

O Deformation due to thermal gradients and different
thermal expansion coefficients

O Failure over time Area

exposed
to fire

U Coupon-level specimens

O Higher possible number of tests due to decrease |
manufacturing effort Curved test specimen

O Area exposed to fire approx. 120mm x 120mm

O Curved specimens
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Test Conditions

O Insulation at the front - only a small window for
fire introduction to specimen

U Load cell for loads up to 40kN

U Measurement of temperatures at the back side
via thermocouple(s)

J Measurement of the axial distance between the
adapter plates

. : Fire exposure
Possible insulation plate D

Possible
insulation plate

Hydraulic press
with mounted
adaper plates

Window for fire
introduction to specimen
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Frontal view
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Summary and Outlook :

O FST behavior of cfrp can be improved through
integration of metal layers

O Compression under Fire exposure test to investigate
the mechanical behavior

[ Round-Robin tests
0 Geopolymers @ DLR facility
U Burn-through tests of FML @ VZLU

U Temperature dependent material models to be
verified by static material tests @ different
temperatures

O Test simulation by numerical methods

Temperature chamber for static tests i
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Questions? ;

Contact:

Martin Liebisch

German Aerospace Center (DLR)
Phone: +49 531 295 2905
E-Mail: martin.liebisch@dlr.de
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Stichting Nationaal Lucht- en Ruimtevaartlaboratorium Civil Aviation Authority UK Russian Central Aerohydrodynamic Institute TSAGI
Deutsches Zentrum fiir Luft- und Raumfahrt Airbus SAS Ente Nazionale di Assistenza al Volo Spa

Office national d’études et de recherches aérospatiales Airbus Operations SAS Boeing Research and Technology Europe SLU
Centro para a Exceléncia e Inovacgdo na Industria Automoével  Airbus Defence and Space London School of Economics and Political Science
Centro Italiano Ricerche Aerospaziali Thales Avionics SAS Alenia Aermacchi

Centre Suisse d’Electronique et Microtechnique SA Thales Air Systems SA Cranfield University

Institutul National de Cercetari Aerospatiale “Elie Carafoli” Deep Blue SRL Trinity College Dublin

Instituto Nacional de Técnica Aeroespacial Technische Universitat Minchen Zodiac Aerosafety Systems

Wzkumny a zkusSebni letecky Ustav, a.s. Deutsche Lufthansa Aktiengesellschaft Institut Polytechnique de Bordeaux
Totalforsvarets FOrskningsinstitut Service Technique de 'Aviation Civile Koninklijke Luchtvaart Maatschappij

European Organisation for the Safety of Air Navigation Embraer Portugal Estruturas em Compositos SA  Sistemi Innovativi per il Controllo del Traffico Aereo

U
http://www.futuresky.eu/projects/safety

Future Sky Safety has received funding from the European Union’s Horizon 2020 research and innovation programme, under Grant Agreement No 640597.
This presentation only reflects the author's view; the European Commission is not responsible for any use that may be made of the information it contains.
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