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BACKGROUND: FROM THE FIRST CFRP PREPREG COMPONENTS TO
HIGHLY INTEGRATED AN OPTIMIZED COMPOSITE DESIGNS

CFRP component 1971 Today: highly integrated and optimized composite designs




Saving weight on an aircraft is a hard work that
requires cooperation across all technical diciplines

Airframe ~37% of total System ~63% of total

weight weight




Further weight savings to be reached through
multifunctional structures & light weight systems

==y Passive multifunctional structures

“ - Lightning strike protections
* Anti-icing surfaces

« Passive cooling

« Radar transparancy

Active multifunctional structures
+ Structural Health monitoring
* Morphing structures

De-icing

Energy management

Electric conductivity - Structural Batteries

* Energy harvesting
« Active cooling
Built-in air-data sensors

Thermal conductivity




Why Structural Health Monitoring
Highly integrated optimized composite designs demands for more advanced
Inspection




Structural Health Monitoring - SHM

VACNT-Forest

Potentiostat

Carbon fibre
veil contacts | Glass Q)re/epoxy prepreg

* Fiber optics

Voltage
—i

 (Guided waves / lamb waves

6376-1 CNT 6376-2 CNT
DeltaTech-1 CNT DeltaTech-2 CNT

 Resistive CNT sensors

» Resistive Graphene sensors
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Example of SHM with FBG - Int-Demo
Control surface demonstrator in Iron bird rigg
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Comparison of strains for the 100 kg load case

ue at point:
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Composite embedded FBG:s are very accurate for measure strain. However
not developed for pressure measurements

State of the art technolog Network of fiber optical pressure sensors
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-~ applied on a wind tunnel model
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One tub? and_hose for each A simple installation including
measuring point, one fiber with the pressure sensors
integrated in the fiber




Modification of fibre optics at micro level for
pressure sensitivity (Lighter QUPS) ==t

e

Up-coating

Optical fibre

Strain enhancing
"Outer” buffer

External
l pressure
Optical fibre
O - _- J with FBG

Axial strain Strain enhancing

coating on optical fibre
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Pressure Measurements in Instron Machine

« Load steps: 20, 40, 60, 100, 200 kPa
1 minute hold each load step
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Demonstrator Wind tunnel test

FBG sensors

Reference sensor —Pitot tube

Sensor positions

4

1 3 m
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Preliminary data wind tunnel demonstrator
test

FBG sensor response

60

Sensor positions

4

1 3 w

WL shift [pm]
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Pos 3 NYLON 1545106 Pos 3 PEEK 1543736
Pos 1 NYLON 1538346

Pos 2 PEEK 1534733

Pos 2 NYLON 1535709

Pos 1 PEEK 1537570

Pos 4 NYLON 1541365

Pos 4 PEEK 1540678
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From national research within multifunctional structures and SHM
to collaboration with BAE Systems to Wing Demo concepts

“Structural Health Monitoring for damage growth detection in
composite structures” in collaboration with BAE Systems

VACNT-Forest

Vinnova/ SIO Lighterproject ” Quasi-
distributed pressure sensors with
composite structural integration”

Eureka / Vinnova project ” Fatigue -
and intelligent composites for
sustainable structural health
monitoring”

Vinnova /NFFP8 “Mechanical and
thermal properties of hybrid composite
structures”
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Guided waves / lamb waves

Doctoral Thesis in ionand C:

* Vinnova call : ” Stirkt svensk flygteknisk forskning sca;f,?ﬁ;‘;;?:f’;f;:‘gt'°"s
och innovation genom internationell samverkan” e plementationand
ethodology Analysis
« Structural Health Monitoring for damage T i

growth detection in composite structures

* PostDoc: Gracieth Cavalcanti Batista from ITA via
CISB PhD project at KTH division of Electronics and
Embedded Systems

1.To
detect
the
damage

4. How serious is

- v' Reliability

d;yrﬁ:goz:? v" Cost

v On-flight or plug-and-play?
v’ Real-time

16 v Hardware-software co-design




Saab co-operation with MIT within "Nano-engineered
composite aerospace structures consortium — NECST”

17

NECST formally launched in early 2006 on
the MIT campus, partnered with Airbus,
ANSYS, Embraer, Lockheed Martin, Saab
AB, Saertex, and Teijin Carbon America.

A couple of joint publications has been
performed between MIT and Saab
Affiliated Faculty at Engineering
Mechanics, KTH within Vertical Aligned
Carbon Nanotubes (VACNT)
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In-plane strength enhancement of laminated composites via aligned @mmm
carbon nanotube interlaminar reinforcement
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ARTICLEINFO ABSTRACT

“Arice st ‘Aerospace grade unidirectional carbon fiber Laminate interfaces are reinforced with high densities
fecived 23 Decemer 2015 (10 billion fibers per ci?) of aligned carbon nanotubes (A-CNTs) that act as nano-scale stitches. Such

nano-scale fiber reinforcement of the ply interfaces has been shown to increase interlaminar fracture
toughness and here we show that also increase.
mod:

fcanth
i (bolt pull out) criteal strength by 30%, open-hole
ction bendling energy and deflection by more than

increasing load-carrying capability: tension-beas
compression ultimate strength by 14%, and

e e 25% No increase in interlaminar or laminate thickness is observed due to the A-CNTS. but rather the
5 e ~10 nm diameter carbon nanotubes interdigitate between Carbon ibers in the adjacent laminae. Le. the
Bybeid compost observed reinforcement s nol due 10 formation of a thicker interlayer. These increases in substructural

in-plane suengths are in stark contrast to degradation that typically occurs with eisting 3D rein-
forcement approaches such as stitching, weaving and z-pinning,
02016 Elsevier Lt All rights reserved.

1. Introduction In order to avoid this reduction of the in-plane properties, car-
bon nanotubes (CNTs) can be used as a secondary or hybrid rein-
e of in limitations of is  forcement that can be integrated within advanced compasites

their poor z-direction mechanical properties due to the unrein-  |5-13]. Nanomaterials, particularly carbon nanotubes (and now
forced pure polymer region a ply interfaces, a known Achillesheel - graphene)in ther diflerent forms, have been extensivel investi-
of advanced compasites. There are modulus and toughness [14-1] due to

/typer

that span multiple material and structural scales, interact in complex  response and associated  progressive matrix Jamage
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such composites in the through- lhl(kness dnemvn m:ludlllﬁ 3D
weaving, stitching, and Z-pinning 1. As these approad
based on micron-diameter fibers and their assemblies (tows), in-
plane fiber movement andjor damage, fiber volume loss. and
stess acestraions ce produced as unavoidable artifacts during
‘manufacturing, These act to significantly reduce the in-plane me-
:hamcaL nmprm:s of the laminate, such that these technnlwg!es
[1]. Thus, the ps terfaces
o composites, and concomitan: s such a5 damage resisiance
and tolerance, and their implications for over-design, are
o o v

with
available, i poxies as
utilized here [6,19-29). Less work has taken on the challenge of
introducing mmn nanofibers into_the interlaminar region to
improve roperties (usually toughness). In the limited
etk worh at most ot generally noted
interlaminar toughness and shear strength (e, [30], and see re-
viewarticle 31 u ‘with in-plane properties not yet being addressed
roperties are primarily attributable to the low
loadings (order nf 1% by volume [mman) of generally low aspect

outstanding li

Come: suthor
E-meil addres: visrdlcomit s (L Wardle).
* Present adress: IMDEA Materils Insitue, C/Eric Kandel 2, 25906, Getafe
Madid, Spain.
# Present address: Exova, AS-vagen 7. 58254, Linkoping, Sweden.

hip: e org/10.1016fj compscitech 2016.07.006
0266-3538/0 2016 Elsevir Lt All fights reserveed.

I § =2
II Qasﬁoasm"o

are likely
e 10 an incresse in mterlamina chicknczs through process-zone
toughening. Various nanofibers and nanofillers have been investi-
gated with the pre-dominance of work focused on CNTs. The
morphology of CNTs is typically randomly dispersed, although
some attempts at structured morphology interfaces have been
presented, d




KTH-Saab PhD project of using VACNT for
composite embedded sensors

 Embedded sensors for measurements W e = w Em,,: B
of temperature, strain, pressure and in- S ———
situ cure monitoring

Tobias Karlsson * @, Abbik Dutta“®, Per Hallander ", Malin Akermo

« Platform for larger framework within
Structure Health Monitoring - SHM

VACNT-Forest
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Graphene coated glass fibre and vertically aligned
carbon nanotubes as sensor material

EHT = 1.00kV Signal A = InLens GO
h WD = 2.1mm Mag= 20.00KX  pig|Size = 1395nm

GRAFREN
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Strain sensing with carbon nanotubes and
graphene
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Temperature sensing with carbon nanotubes
and graphene
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Cure monitoring with carbon nanotubes and
graphene
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Conclusions
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Embedded Fibre optic sensors with
Fibre Bragg Grating show great
sensibility for multi-sensing. However
the problem with sensitive connectors
has to be solved.

Guided waves show great potential for
scanning of large objects. 3D
geometries has to be expolred.

Resistive sensors show a great
potential for being embedded into
composite structures for multisensing
purposes. However, the short-circuit
situation in a carbon fibre environment
has to be solved.
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Thank you for listening
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