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Presentation overview

Content:

* Introduction to honeycomb production

e Continuous production and structure of
EconCore’s thermoplastic honeycombs

 Thermoplastic honeycomb sandwich
preforms and processing to sandwich parts

e Hierarchical sandwich honeycomb cores and
their additive production process
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Introduction: Sandwich construction by nature

The efficient use of material and energy is a fundamental principle of nature

Section of a human skull Section of an iris leaf Honeybee comb

—> Sandwich construction saves resources and reduces costs
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Introduction: Sandwich construction in transportation

Historical examples of sandwich construction in transportation

Robert Stephenson 1830
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Robert Stephenson used sandwich constructions
in trains (1830) and bridges (1845)

Hugo Junkers 1915
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Hugo Junkers patented honeycomb cores and used corrugated
sheets in the sandwich wing of the first modern aircraft (1915)

=> Sandwich construction made innovations in transportation possible
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Sandwich construction today

Sandwich construction is used today in various industries

Sandwich part costs

Sandwich applications
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Classification and comparison of sandwich core materials

Sandwich core materials

skins

Homogeneous

Structured (non-homogeneous) support of the skins

support of the

Best material properties

Foam Cores
with closed or
open cells
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Punctual
support

textile/pin cores

Regiona
support

cup shaped cores

Unidirectional
support

corrugated cores
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Conventional honeycomb production

Honeycomb production via expansion and cutting from a block

material roll stacked layers Bonded block expanded block honeycomb
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Patented 1901 by the paper Nomex® honeycomb production
factory Heilbrun & Pinner with phenolic resin impregnation
in Halle/Saale, Germany and cutting from a block
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Production with crosswise creation of the geometrical elements

« Crosswise production options

Production
via a block
Sheet size fixed
:> by the block size
s ducti ih Batchwise vy
T i i production option
crosswise corrugation
N\,
\\
~ . Endless length,
Conhnupus . continuous further
production option production possible

. Y

Production by rotation around lengthwise axis
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Production with lengthwise creation of the geometrical elements

* Lengthwise production options

Production
via a block

In-plane production with
lengthwise elements

\

=N

Batchwise
production option

Continuous
production option

by the block size

: % Sheet size fixed

Endless length,
continuous further
production possible
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Continuous production process for thermoplastic honeycomb

Aerospace industry Packaging industry
’{r,[,(”,;t,f Internal structure New Honeycomb Cores Production concept

F@s and mechanical and machinery

7 .
(J(r,f @ properties ThermHex

Thermoplastic Honeycomb

= Automatic production

= best mechanical properties _
= low production costs

= very low weight
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=> Minimal production costs by automated in-line production
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ThermHex production line in Halle/Saale

=> The production process reduces weight, use of material and costs to a minimum

ThermHex @ @ econcore www.econcore.com - www.thermhex.com October 2016

Thermoplastic Honeycomb Cores



http://www.econcore.com/

October 2016

i
T
ﬁ!l!.

'!
I

=

—~—

7 1) | R e
e e | E

www.econcore.com - www.thermhex.com

O
c
c
O

=
O
>

.
O
S
o
X
@

L
&
S
O

c

T

Automatisation

- No handling required
Automated quality control

+ Production width: 1,4 m
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ThermHex PP Honeycomb Core

THPP80-FN (with PET nonwoven):

THPP80 (naked honeycomb):

o o9 T 8% of
0% o 09500

Polyester fleece layer

PP closure film

ThermHex core

Extra bonding area
for skin materials
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ThermHex PP Honeycomb Core

SCB Fracture Toughness Tests with EconCore’s ThermHex honeycombs at Fraunhofer IMWS in Halle
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Applications of ThermHex Honeycombs

ThermHex @

Thermoplastic Honeycomb Cores

ThermHex honeycomb
from polypropylene
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ThermHex Production lines — Global Overview

1) EconCore (Belgium) Demo Line — 1400mm and 400 mm (for PET, PA, PC, ...)
Operational since 2006. http://www.EconCore.com

2) GIFU Plastics (Japan) PP Core + PP skins TECCELL %
Operational since mid 2009. Second line since 2012 ‘

Seconcore

http://www.risu.co.jp/teccell/ TECCELL __;- B
3) ThermHex Waben (Europe) PP Core only — 1400mm ThermHex @ -
Operational since mid 2010 http://www.ThermHex.de L3 Thermopiagiiliionsycomb Cores
4) Cartonplast (Europe) PP Core + PP skins — 1400mm . _
Operational since end 2010, EXALITE ' Em,ﬁ,&p!:[:%

5) Coroplast (15t Licensee in USA) for PP Core + PP skins

Operational since end 2012, STINGER /% L’fd\l
\\

6) Renolit (Europe) PP Core + WPC skins — 1600mm Stmgen \"\)

Operational since begin 2013, GORCELL W RENOLIT
GORCELL

http://www.renolit.com/composites/en/products/automotive/
7) Roplast (Europe) PP Core + PP skins — 2100mm

Operational since end 2014, HEXAPAN http://www.hexapan.com/ f:) He
8) TATA Steel (Europe) PP Core + Steel skins — 1500mm

Operational since mid 2015, CORETINIUM M. # TATA STEEL
9) Wabash National (USA) PP Core + Steel skins —1500mm [ZZAVEYY/  coretinium’
Will be operational in 2017 .
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ThermHex sandwich production line

« Automated in-line production of thermoplastic sandwich preforms ,,Organosandwich®
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Organosandwich: Production and further processing
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Transfer of the Organo-
sandwich into the mould

Demoulding of the part
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IMWS ; closing the mould

overmoulding
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Thermoformed sample parts with PP skins and GF/PP skins

Compact areas for
injection moulding

o
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Principle options to reduce the density of technical honeycomb cores

 Four options to reduce the density

Technical honeycomb

Option 4
Lower cell wall density
due to structuring

Option 1

Larger cell size

Option 2 Option 3
Lower cell wall Lower cell wall density
thickness due to a different cell
et wall material
w2 W
Pew2 = Pew ° B Pewd = Pew
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Hierarchical tubular structure in nature

* Cross section of the tubular stem wall of the buttercup flower

Buttercup (Ranunculus)

SEM (magnification: x113 at 5x7cm size, by Andrew Syred)
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Hierarchical honeycomb structure in nature

* Hierarchical honeycomb structure of the foxglove seed coat

Foxglove (Digitalis purpureas)
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Y

SEM (magnification: x400 at 6x7cm size, by Andrew Syred)
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Hierarchical sandwich honeycombs

« Automated in-line production of rather small honeycomb sandwich panels

with different skins
(Alu, UD-GF,...)
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strips in small dimensions

* Cell size: <3 mm (< 1/8 inch)
* Thickness < 3 mm (< 1/8 inch)
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Hierarchical honeycombs and hierarchical sandwich honeycombs

* Cell walls from honeycomb cells versus cell walls from honeycomb sandwich panels

N

Hexagonal hierarchical
sandwich honeycomb

Cell walls consist of Cell walls consist of
honeycomb cells honeycomb sandwich panels

Technical hexagonal hierarchical
sandwich honeycomb
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Additive production process for hierarchical sandwich honeycombs

* Production process from sandwich strips

Assembled from sandwich panel strips by slotting
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Hierarchical sandwich honeycombs

* All PP hierarchical sandwich honeycomb with cell walls from PP honeycomb and PP films
| " i

HPHEX with cell walls
from PP honeycomb
and carbon fiber
composite skins
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EconCore’s Hierarchical Sandwich Honeycombs - HPHEX

 Hierarchial sandwich honeycombs have the potential to outperform other core material
— If high performance composite skins are used in the cell walls

— For application where large a cell size is sufficient to support the skins

» Production of large size samples possible with small equipment
— The additive production from

continuously produced sandwich
strips allows large size

» We are looking for partners

—  For reference projects
and for modelling and evaluation
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EconCore N.V. - ThermHex Waben GmbH

eCOﬂCOTE | . Licensing and

economic core technologies teChnOIOgy development -

* EconCore N.V — technologies for cost efficient
production of honeycomb core and sandwich parts

* founded: 22.12.2005

ThermHex @

Thermoplastic Honeycomb Cores

* ThermHex Waben GmbH — production of
thermoplastic honeycomb cores

* production start: 01.04.2010
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Value added chain of sandwich parts

core bonding / . bli
production lamination forming assembling |
) sandwich constituents sandwich panel = sandwich = sandwich
(core, skin and bonding layer) | (sandwich material) part ‘ structure
Core mmf ‘ Sandwich panel ‘ ’ Part ‘ Assembly
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ThermHex Technology enables:

fast, easy, continuous in-line production of honeycomb cores

> Maximum cost saving B

excellent mechanical properties by an internal structure comparable to
honeycomb cores used in aerospace

A\
—=> Maximum weight reduction

minimal amount of recyclable thermoplastic raw material

—=> Maximum resource efficiency
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EconCore - ThermHex ThermHex &

Thermoplastic Honeycomb Cores

EconCore N.V.

Econnomic Core Technologies

The Technology Leader in
Honeycomb Sandwich Materials

ThermHex Waben GmbH

Thermoplastic Honeycomb Cores

The new generation of
lightweight material
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