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Overview of the Presentation

Overview

® Introduction
® Sandwich construction
® Core material types

® Sandwich materials today
® Paper honeycomb production today
® Production concepts of packaging industry

® New strategy for honeycomb core production and sandwich panel production
® TorHex paper honeycomb material and production process
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Introduction

Sandwich constructions are composed of

® Two thin facings (skins, liners)
® One thick low density core
® Bonding layers (adhesive)

Sandwich applications

® Sandwich constructions provide high stiffness and strength for lightweight panels and shells
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Type of support

Sandwich core materials

Sandwich Core Material Types

Homogeneous
support of the
skins

open cells, closed
cells or no cells

Foam cores

Structured (non-homogeneous) support of the skins

Punctual
support

fully open

Textile/pin cores

Regional
support

open to both side

Cup shaped cores

Unidirectional
support

open to one side

Corrugated cores

-
im

Bi-directional
support

only open in
thickness direction

Honeycomb cores
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Sandwich Materials in Transportation Today

Core types
Sandwich core materials
Homogeneous Structured (non-homogeneous) support of the skins
Support of the | | | |
skins : . : - :
Punctual Regional Unidirectional Bi-directional
Foam cores support support support support

Texilelpin cores

Cupshaped cores

Carrugated cores

Honeycomb cores




Paper Honeycomb Production Today

Paper honeycomb production via expansion

Stacked _ Unexpanded
sheets Slice endless core

Paper roll Expansion process

Expanded honeycomb
) ) (Cost = 1 Eur/m?)
Paper honeycomb production via corrugated block

\ Corrugated

> N block
Single wall ‘ \“‘C
corrugated sheets Corrugated honeycomb
Stacked sheets Cuting S from block

from the block (Cost ~ 1 Eur/m?)




Processes from Packaging Industry

Corrugated cardboard production

Guiding roller

= 00 »

Pressing
roller

Liner / skin

' Corrugation

roller

Corrugated cardboard
(Cost = 0.2 Eur/m?)

Pressing  Glue Flute / core Liner / skin
roller application

weh director




New strategy for honeycomb core production

Folded Honeycomb Concept

® Honeycombs produced from a continuous web by successive in-line operations

From Aerospace Industry JorHex Concept From Packaging Industry

"',T' Internal structure = 8 Froduction principle
and properies S, T, S T ahd technology

TorHex Core

TorHex Panel Paper honeyeomb from TorHex Panel

with natural fiher mat reinforced corrugated cardboand with hatural fiher mat reinforced
polypropylene (PP skins polyurethane (PLY skins




Folded Honeycomb TorHex

Folded Honeycomb from Corrugated Cardboard

b

corrugated
. cardboard

Corrugated

continuous production at
constant production width
b —

Corrugated — ™ Honeycomb

length wise

slitting TorHex core sample
TorHex showing the production
core process

turning of the
cardboard strips

S - > N7
e Egase
Production StepS Honeycomb ] ‘?:4'4'4 £
® Corrugation: Cell wall corrugation by a corrugator (packaging industry) : .'l-‘ -

>

® Length wise slitting: Slitting of the board from above and below
® Turning/Folding: Turning of the connected cardboard strips (90°)
® Skin lamination: In-line lamination of the skins onto the core is possible

5 mm high TorHex core
from corrugated board
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TorHex Production Line

TorHex Panel Production Line
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Lengthwise slitting of the Bonding the sklns_ l.- Libodaladitebed
onto the cell walls in a e —

corrugated board into
connected strips

. - e — -_—-'—_:-_—-—.—.—.ﬁ-':".'_-.r:" )
double belt laminator . .

Turning and folding of
the corrugated strips

® Automated production at high speeds is possible
and will lead to a high productivity and low costs

® Development by packaging industry will enable
efficient machine development (>100 m/min)

TorHex lab-scale production line
(slitting and turning unit)
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TorHex Prototype Production Unit
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Sandwich Part - Value Chain

upper skin sandwich constructions
core bonding / o ~
raw Production lamination forming assembling
- sandwich sandwich
materials >
(for core :? E:} part d structure
and skins) core {panel with (assembly of
. sandwich edge closures, | Ssandwich parts]
lower skin :?322?}5"9 material inserts and/or
(with dimensions curvatures)
sandwich constituents this is referredto as a
(core, skin and bonding layer) sandwich panel]

Core material Sandwich panel
producer producer

u Part

producer

TTradcditileomal values |

In-line core Sandwich material
preparation producer

In-line post
processing

Lovw cost value celhaidm
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Performance per Cost

Economical advantage of lightweight constructions

affected by weight
performance structural performance /

For structural parts : ~ . : . .
costs material costs + production costs ¢ operating costs + ecological costs

Potential economical advantages of sandwich constructions:

design space

raw material cost savings production cost savings
selection of a more cost < interacts > selection of a more cost

efficient raw material efficient production process

structural efficiency cost savings
less material due to a more
lightweight design

operating and ecological cost savings
less energy consumption
due to a lower weight

Sandwich Material Efficiency



Effect of Sandwich Construction

Sandwich constructions: Definitions and effect of the sandwich thickness

» Geometrical definitions
(symmetrical sandwich materials)

-
e

Sandwich effect _ h=2h h=24h
on hy=21 t=05t | t=006t
bending stiffness

weight and cost mmmm [

Relative thickness 1 2 24
thickness ratio t/h 0.5 0.125 0.0125
Relative 1 4,625 1

bending stiffness

Relative weight
(core density 20 times lower)

Relative cost with

expensive core
(equal cost per volume)

Relative cost with

low cost core
(20 times lower cost per vol.)

Sandwich Material Efficiency
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Sandwich Materials Selection Chart (weight)

Material efficiency in bending MEy;

= E bending [GPa] — E tension [GPa]

Sandwich materials selection 10 46 2.15 !
. 1000 o n 100
chart (modulus versus density) F Optimal Sandwich e "

[ t/h opt weight = 0.0153
[Flh=10mm, topt=0.153 mm

e

A 333

Material efficiency in bending: i e s | | 7 pdoppesihd
100 F|D = 38.596 Nm
E1/3/p [G Pa1/3/(kg/d m3)] L| Material Efficiency per weight :

['|MEw = 8.35 GPa"([1{3)/[kg/dm?)
L. | Weight saving shape factor :
| | Phi weight = 4.885

_.
o

Iaterial efficiency in

tension / compression

Sandwich material combinations 10
in function of thickness ratio t/h

( Weight optimal
panel y

Modulus E [(GPa]

Natural fibreﬂn
mat skins

¢ Paper honeycomb core
/Pphan':*“-'““-"?_

" 7~ TPapeyhoneyco
U.U]. % i Ipltv y |Ijlfw Ei i
1 3 10
Weight [kg/m* [10 mm panel height]
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Sandwich Materials Selection Chart (cost)

Sandwich
materials
selection

chart
(modulus
versus
cost)

Modulus E [GPa]

1000

100

ot
o=

= E bending [GPa] — E tension [GPa]

10

Material efficiency

panel production
cost reductions

cost reductions

honeycomb production

Natural fibre
mat skins

1 Paper honeycAmb Papef n':-’fj"'““-‘

Paper honeycomb core__

1 3 10

Cost [Eurfm®*] (10 mm panel height, with 0 Eurfkg value of weight saving]

30

-

10

Matenal efficiency in
tersion f compression

Skin material :

HFRP mats

Modulus Es = 5 GPa
Density rhos = 1 kgfdm*
Cost Cws = 1.1 Eurfkg

Core material :

Paper honeycomb

Modulus Ec = 0.02 GPa
Shear not included

Density rhoc = 0.064 kg/dm*
Cost Cwe = 1.25 Eurfkg

Optimal sandwich :

tth opt cost = 0.0389
h=10mm . topt=0.339 mm

Modulus E = 1.095 GPa
Panel cost = 2.594 Eurfm*
D=91.275 Nm

Material Efficiency per cost :
MEc = 3.973 GPa™[1/3}/[Eurf/dm?)

Cost saving shape factor :
Phi cost = 2.556

Value of weight saving
Cwv = 0 Eurfkg

Sandwich production cost
Cap =1 Eurfm?
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Natural Fibre Sandwich Panels

Continuously produced TorHex paper honeycomb cores

25 g/m2 EAA adhesive film

(ethylene acrylic acid copolymer,
Integral from DOW)

+

5 mm A-Flute core 10 mm AA-Flute core

Continuously laminated natural fibre sandwich panels

100 g/m2 PP/ hemp fibre mat skins 430 g/m2 PP/ natural fiber mix
(flax, kenaf, hemp) mat skins




Natural Fibre Sandwich Panels

Panel examples for automotive and furniture applications

TorHex panels with wood veneer and MDF skins for furniture applications

/1 09. Nov. 2004
TorHeX Folded Honeycomb from Corrugated Board




Natural Fibre Sandwich Panels

Part examples for automotive applications

Closed edge detail
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Conclusions

TorHex folded honeycomb material concept offers
e a process to produce paper honeycomb cores from one single corrugated board

Corrugated cardboard

The production process enables

® fast and automated production for very cost efficient honeycomb core panels

® natural fibre sandwich panels with a core from recycled material
® are suitable for many applications in the automotive and furniture industry

Sandwich material selection charts

Moduhs T [GP3]
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