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INTRODUCTION

Motivation

* Pressure for use of hybrid or electrical
vehicles is becoming higher.

« Several European countries are
setting ambitious goals.

* Norway is targeting for 2030 forty
percent of all short distance sea ships

to use biofuels or be low or zero Heart Aerospace, electric regional aircraft ES-19, range
emission 250 miles, planned entry into service; 2025

e |In the frame of the ACARE 2050

vision, Airbus has committed to cut ¢ High volumes of energy will have to be
emissions by 50%. stored on the aircraft.

« Airbus aims at offering zero * More need than ever to be
emission aircraft by 2035 innovative in terms of weight



MULTI-FUNCTIONAL MATERIALS

Most efficient machines found
in nature.

Most organs in a human body
fulfill more than one purpose:

Example: muscles; provide:
strength, stiffness, movement

They can: extend, contract,
convert energy, self-heal



STRUCTURE INTEGRATED DATA AND POWER

CURRENT SITUATION
Electrical harnesses are currently made up of bundles of
cables, which are manually assembled on rigs and integrated

into the fuselage

» Harnesses are assembled in a very labour intensive
process

» Thousands of brackets are used for attachment
of harnesses

= Amount of electrical wiring increases with
every new program

» |mmense cost for late changes

= Bundles incorporate highly diverse cable types

= Path optimization of cables created complex,
branched bundles

= Design of structure has be reinforced around cable ducts

= Connectors are bulky and outdated — high effort for

certification impedes improvements



STRUCTURE INTEGRATED DATA AND POWER

Technology Overview: electrical functions integrated within structural materials
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STRUCTURE INTEGRATED DATA AND POWER

Integrated data transmission by multi functional carbon fibre

with electrically isolating coating in structural composite
Peter Linde, Leif Asp, Dan Zenkert, Airbus Patent Award Winner, March 2017

/

Carbon fibre D =6 ym Carbon fibre

reinforced
plastic

/

lectrically
isolating coating 0.5

Master Thesis in preparation
by Maximilian Schutzeichel

Hamburg Univ. of Appl. Science Uncoated carbon fibre Coated carbon fibre



STRUCTURE INTEGRATED ENERGY STORAGE

How?

» There are two ways for integrating
structures and batteries,

— Storing the energy in the structural
material.

— Enabling the battery casing to carry
other structural load path on top of
its own weight.

* The first one works with the structural
material chemistry, improving its electrical

: S Courtesy: Prof. Emile Greenalgh et al,
properties, enabling it to store energy.

Imperial College of London
 The second one take a conventional

battery and changes its physical design to
make it part of the aircraft structure.



STRUCTURE INTEGRATED ENERGY STORAGE

Cathode — metal/oxide Cathode — carbon fibre/LiFePO4

// Electrolyte (liquid) // Electrolyte (polymer-solid)

Separator (polymer/glass) Separator (polymer/glass)
Anode — carbon plate Anode — carbon fibre
Li-ion (liquid electrolyte) Carbon composite laminate

battery (solid electrolyte) battery



INTRODUCTION

Composite laminate
structural battery:
SICOMP, Sweden
2008

Early work:
Sofia Ekstedt
Macie] WysocKi
Leif Asp



STRUCTURE INTEGRATED ENERGY STORAGE

Clean Sky 2 project SORCERER



STRUCTURE INTEGRATED ENERGY STORAGE

Multifunctional structure battery: Carbon fibre reinforce plastic casing, with li-ion
cells attached inside. Source: Prof. Fu-Kuo Chang, Stanford University, 2018



DERIVATIVE FUNCTIONS

Lithiated carbon fibres (in structural battery); able to contract and expand,
with degree of lithiation:
= morphing material
(if lithiation changed)
= energy harvesting
(if motion imposed,
e.g. vibration etc.)
Carbon fibres coated with electrically isolating polymer coating:
= -heat transmitting (Joule effect) ->
. welding,
. anti-icing

Morphing beam with lithiated carbon fibres. Source; Dan Zenkert, KTH

Carbon fibreND = 6 ym Carbon fibre

° morphing 0y ﬁ;nsft?éced
= Sensor 0
= flight physics !

(shock bump)

= Electro magnetic shielding i yiai inG 0.5 ym
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SUMMARY

Pressure from authorities and from environmental aware public

force us to develop more envirmentally friendly transportation

Multi functional materials transport vehicles can help save weight

and energy
Integration of data and power into structure well on its way

Integration of electric energy storage is in its beginnings, some

different, parallel concepts are on their way, enabler for el.flight

Many further functions are recently discovered and await

Investigations






	Slide1
	Contents
	Introduction
	Multi-Functional MAterials
	Structure Integrated data  and Power
	Structure Integrated data  and Power
	Structure Integrated data  and Power
	Structure integrated energy storage
	Structure integrated energy storage
	Introduction
	Structure integrated energy storage
	Structure integrated energy storage
	Derivative functions
	Acknowledgement
	Summary
	THANK YOU FOR YOUR ATTENTION!

