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1. Industrial revolution
Follows introduction of
water- and steam powered
mechanical manufacturing
facilities

End of 19th century Start of 20th Century Start of 1970s Today Time
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Temperature sensor

ECG sensors / Breathing sensor



Technical textiles offer inspiration for fashion
designers and help

loT Internet of Things |
World Textile Information Netw
(WTiIN) is to launch loTex magaz



Materials Evolution
The Pursunt of ngher Performmg Materlals...

Stone & Metals Plastics « Glass Fiber  Carbon Fiber
Concrete Composites ~ Composites
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Szerkezeti anyagok megoszlasi aranya (2014) szénszal ill.

CFRP és az aluminium osszehasonlitasa 2016 —ban

FRP
~10 000 kt

Vasbeton —
4 000 Mt

»x500 sulyarany
» X 50 értékarany

; CFRP 100 kt
Acel Alurintum ] A [ Szénszal |
1578 Mt 57700 kt (2016) ¥ |_64 kt (2016) |
i i Uvegszl !
{4700kt |
i |
/ |
- Mianyag Titan |
1299 Mt 192 kt |
|
. |
Aluminiu FS'zé'n‘s‘%:a ==
49 714 kt |
2014 | .



Nehézség - erbsség
helyett

Konnyuseg - er0sség



Szerkezeti anyagok szal és tomb formaju szilardsaga

I Szén II Acél I_I Polimer I

Slirlség

' Szilardsag
- Szalforma

Szilardsag
Témbforma (i 0.1 GPa 1.4 GPa 0.5 GPa 0.03 GPa

7.1 GPa 4.0 GPa 4.0 GPa 3.20 GPa



Szalas szerkezetek jellemzéi

Szalaklancmolekula

kezetének mudositd s
ol bl A Uveg elérheté maximalis
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Normal PE Dyneema Szal atméréje, d, um




Kulonbo6zo szalak specifikus szilardsag-nyulas diagramja
ik

Specifikus szilardsag, *o, cN/tex
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Technologiaielorelepeés

Anyag-hasznalat technologiai
fejlodesenek ciklusai




Fold népessége, az egy fOre esé szalfelhasznalas és
a vilag szaltermelés id6beli alakulasa

Evenkénti szalfelhasznalds novekedés, %

+ 8,5 %
° ~100
Fold népessége (millidrd f6) +10 %
Fére juto szalfelhasznalas, kg/fé 71
- Vildg szélfelhasznalasa (Millié t/év) 57
~ Rejté Sandor
- 1853-1928
. s 13,5
A 9 6 9 6.6 5,3
- T 3 3 .
— |

1900 1950 2002 2009 2017 Ev


https://hu.wikipedia.org/wiki/F%C3%A1jl:Rejt%C5%91_S%C3%A1ndor.JPEG

-

PSSP PSP

ile 1930

3 Weltmarktante



. .

L L 1970
Bild 4 Weltmarktanteile 1970
1 Cellulosische Fasern

2 Synthetische Fasern



Fiber Consumption

(for textile applications)

Filament+apes)
362> 44 mnt

Tapes (2.2 = 3)

Synth. Filament (32=38)
Viscose (0.4 = 0.6)
Silk{(0.1 = 01)

Short staple
45> 51mnt

Synthetic (16— 19.5)

Viscose (4.4 - 6.0)
Cotton (23 .6 = 25)

Long staple 6 mn t

Yarn / Filament

Filament (+tapes) 35> 43 mn t

Short staple spinning

39 =243 mnt
OE: 11 mnt
Ring: 30 mn t T
— —» AirJet: 2mnt ~5,

~5% B
waste

101 mnt

Long staple spinning _

S S 6 mnt

Short staple fibers 6 mn t

98 mnt

World wide textile added value chain {2020 |

Textile surfaces

Traditional Tex.

—* [Woven, Knits, Rachel)

Hometex & Garments

67 mnt

Trad.Tech. Tex.
(Woven, Knits, Braided)
15mnt

——

waste —
/ Prepreg - Ccmposites\

5.5 mn t'

T oel rs (me PL, PAC marix)

g

5%
Nonwoven waste
13 mn t -]
+7
Chips &
Puip
100 mn t 95 mnt



World population and fiber consumption growth

137 World fiber consumption (million t)

104

| World population (billion)

\ Short staple (cotton, viscose,
Per-capita consumption (ka/p)

synthetic, recycled fibers)

o7

Other fibers

(filament, nonwowven etc.)

14 16

2002 2017 2030
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Carbonfiber —Szénnszal Glass fiber — Uvegszal p-Aramid

Il G

Tow— Kabel Roving—Kabel Yarn- Fonal

Chopped — Apritott Spread Tape —Teritett szalag Chopped — Apritott Chopped — Apritott Staplle — Vagott szal

Staple yarn — Font fonal Pulp fiber — Foszlatott szal

Ra-

FA
%

Milled — orolt

Compound- Granulatum Nano fiber tube - Nanocsd




INSTITUT FOR TEXTIL- UND
VERFAHRENSTECHNIK
DENKENDORF

BENKEN

Electrostatic Spinning

ooRF




Nanofibrous nonwovens have unique
characteristics

w Very small fibre diameters
(< 500 nm)

I

High specific surface area
Small pore size

High porosity



Increase of producfivity and decrease of yarn unevenness Productivity,

dramrframe
‘Evm [n,i'.r;.] ITIJ'I'III‘I
22 1200
20 = = 1000
Me 20, cotton, carded
18 = 500
16 = 600
Me 60, cotton, combed

14 = 400
12 = 200
10 0
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Installed base of machinery in spindle equivalents (in million spindles)

224 225 229

North & South
America

2008 2009 2010

220.7 2284 253.0

30.3 304 282

Europe & Asia & Pacific
Africa (incl. Turkey)

Source: ITMF — International Textile Machinery Shipment Statistics (2008) and estimation of Rieter for (2009 and 2010)



Successful examples

Die Top 10 der wichtigsten Exportlander fur Textilien 2012
80

69,7 Marktanteil bei

70 _ technischen Textilien .
Market share for technical sogar bei 45 %.

60 — —textilesevenat45% —

50 —

in Mrd. Euro

40 —

Quelle: Statista 2014, eigene Berechnungen




__Successful examples

Die Top 10 der wichtigsten Exportlander fur Textiimaschinen 2011 in Mio. Euro

3500

Quelle: VDMA, Fachverband Textilmaschinen 2012

3310
3000 The top 10 most important export countries for textile
machines 2011
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Vegyi szalgyartas mennyiségi novekedése és

foldrészenkénti, orszagonkénti megoszlasa

W-Europa

12%

Filament-, vagott- és regeneralt szal egyutt



w e

N

highest strength [N]

Different spinning technologies and their
characteristics

et A

@ Technology and innovation leadership: Yarn types €1=T=2

Rieter covers all four end-spinning technologies

] Riﬁg yarn

I

|

| .
R Y — .

ComfoRo® - 1|

Comforjet® - air-jet spun yarn
8

elongation [%]
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Capacitive sensor Optical sensor
USTER®= SPECTOMATIC USTER® PEYER P551
The world’s first The pioneer in optical
electronic yarn clearer claaring

1965 1995

USTER®= AUTOMATIC
The first yarn clearer
for automatic winding
machines

USTER® PEYER 200F
The First opfical

foreign fiber clearer

1999

Uster® QUANTUM 2
Featuring optical and
capacitive clearing
tachnology

2010

USTER® QUANTUM 3
Smart yarn clearing

= e——

bRe ‘
* QuANTUM 3

N Ton gy




Winding technology

Winding unit computer
active regulation of the yarn tensioner

| Winding speed
Yarn tension
B Tensioner pressure

1450 m/ min

Yarn tension
auToTense @

> > > > bm Yarn tensionerl

] 20 plecer - controlled by the yarn clearer

]l el el ey ‘\
5«6 cm ’

e Maximum Increase in mass - 85%

Standard splicer

2-3cm
Increase in mass - 100%

-
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PreciFX: PreciFX: PreciFX:
Precise random wind Precision winding Step-precision winding
— Constant crossing angle — Decreasing crossing angle — Almost constant crossing
— Decreasing winding ratio with with increasing diameter angle

increasing diameter — Constant winding ratio — Gradual constant winding
— Stable package format — Defined constant yarn ratio
— No pattern zones distance — Defined yarn distance
— No bulging package flanks — No pattern zones — Stable package format
— Anti-latching — Uniform density
- Flexible adjustment of groove — No pattern zones

turns / crossing angle




Air covering/Intermingling/Interlacing

Air covering and
intermingling

- technologies for .
unigue yarn creations |




Interpretation of thread break
Yarn breaking frequency depend from the yarn load and tensile strength characteristics

Load 60 well yam Load 6 well yam OF rotor yam, 100% Breaking Force [cN Test total : 1/110000
N OF rotoe yam 100 bex, cotton 100% Yam count: 17 tex Ly ‘ | |
200 Fabrio widtic 160 ¢m (eN) Insertion rate: 1500 mvimin . i
Instorticn rate: 500 P min 4 |
100 4 H00 -4 -
150 4 4 b= }
i Non-controted €00~ I
100 4 H 1 ‘
5 pgtachiion % ? i ! -
:"2,!:‘ B *"\ ] "]
e QAN Cortroted 400 = ! -
w -4
+ ! |
200+
o~ T T T T 0="¢ 5 v ¥ L 1
° w0 180 270 %0 (0 [ 50 180 20 360 (o) . |
Diagram of the load applied on weft yarns Diagram of the load applied on weft 2 e T St it T e B 2t 1 T
within a complete cycle, rapier weaving yams, air-jet weaving machine ° 2 ¢ 8 10
machine Elongation (3]
Variance
Coefficient of variations
v i 1 -
a2 ()u_- x)
n-1 Load generated by the weaving process &V =
X
$* = variance of the sample g
x = single value of the sample g‘ CV = coefficient of variation
e S = standard deviation
x = mean value of the sample A o
) Tensile strength of the yarn x = mean value
n = number of single values )'(
of the sample w
Standard deviation
s « Js? J Sg

Tensile force [CN] —=



Karl Mayer AccuTense — Computer controlled hysteresis yarn
tensioner for glasfibre, kevlar, carbon




Automatic drawing-in — the principle
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Fonalas lapkéepzési technologiak

Sz6tt Fonatolt NonCrimp  Lanckotott Vetulék rendszerd
Fabrics
NCF

Fektetett




Now, the feeder gripper Is opened by the feeder
opener.
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Dornier rapier weaving machine width Staubli Unival Jacquard
machine for 3D carbon fabrics

) - g - 2 » 4
/ B4
-

A

!.' _; ! Multilayer Fabric






crosslapping

needling
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1. Mechanisch: Vernadeln

Needlepunching

NEEDLE

b - STRIPPER

FROM
CROSSLAPPER
OR DRAFTER

Principle of fiber enterglement

Hauptantrieb

Nadelbalken

Nadelbrett
‘ Verfestigungsnadeln

obere Lochplatte Vlies

Abzugswalze_
\;‘ —

v

<«Vernadelungs- »
zone

untere Lochplatte

W
v

Zufiihrtisch

|
Nadelfilz Einzugswalzen

MALIVLIES




2. Chemisch: Bindemittel 3. Thermisch: Verschweissen

Vlies U Siebtrommel

+—Haube
Leitblech —t<sssssqfsss
Vlies d
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coating




Szénszal f6bb jellemzdi

- Szénszal nagyon vékony (d= 5-7um, ~0,7 dtex)
- Szénatom tartalma (>0,95%)
- Szénszélat nagyobbreészt kompoziterdsitésre hasznaljak:
CFRP- carbon fiber reinforced polymers =
szénszal erésitésd polimer, C&C, C-SiC ....
- Szénszalakat felliletkezelés utan sodratlan kabelként (tow)
keresztcséveélik, 1000 (1k) filamentenkant jelolik:
Kis kabel: 1k, 3k, 6k, 12k, 24k
Nagy kabel: 48k, 50k, 60k ...

Emberi haj
d»50~70 um

Szénszéld =6 um



Erdsitd szalak és fémek mechanikai tulajdonsagai

Sdrdség, p, g/cm?
-

Uvegszal

Titan

Alu.

‘\‘

Kilonbozd szalak keresztmetszetre (0, Pa) és

4

Acel
HST Szenszal

Argmid-
szal

carbon ibor 4

glass 4

74000 % potyesterinyion

stood -4

& 400 Szakitd hossz km=>cN/tex
Huzo merevseg, E, GPa (Sulyra vonatkoztatott szilardsag)

sulyra vonatkoztatott (specifikus) szilardsag (6%, km—>cN/tex)

Dyneem

Aramids/

Carbon
o

)
Ceramic Boron

Feszliltségsulyra wonatkoztatva, o *, cN/tex

1000 2000 3000 4000
Feszlltség keresztmetszetre vonatkoztatva, o, MPa



2 B 3

Carbon Capacity/Demand (1000 t/year
==}

2

4 - growth in demaind forcarbon fiber

o
[=]

20 1

What is Carbon Fiber?

1 Carbon fiber (PAN) based
| -developedin 1961 in Japan

- commercially produced since 1970's

is to double every 5-7 years
from 2005-2020

1980

1990 2010

Growth indemand tor

carbon fiber accelerated:
- new aircraft programs
- adoption of carbon fiber
in wind blades
- heightenend interest in automotive

- industrie, infrastuctore and
other new applications

Years

2020



Composition of Composites

Fiber/Filament
Reinforcement
« High strength
« High stiffness

« Low density

k+ﬁ=ﬁ'

Matrix

» Good shear properties

« Low density

Composite

« High strength
« High stiffness
« Good shear properties

« Low density



Kompozitokfébb csoportjai

Fa — Polimer — Kompozit
Wood — Polymer — Composite VVPC

L &

2 )

!

T Textilszél er&sitésa beton
Fa érleménnyel erdsitett mGanyag

__ Abroncskord
C&C, C&Keramia kompozitok e

FRP Szélerd&sitési mGanyag


http://wiki.r-g.de/images/d/da/8.47_Rollstuhl.jpg
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GREENHOUSE GAS (GHG)
REDUCTION COMMITMENTS'

They account for the o
planet’s total emissions
and include the top 5 emitters o

% of global greenhouse gases



The wind energy resource

Realistically: 25%




Global Carbon Emissions
from Energy Production

Gigatons CO, 30

24
YEARLY

18

12

6

N
1895 1885 1910 1935 1960 1985 2009




Szal

Huzé szilardsag

FRP kompozit

Matrix

Nyulas

Kompozit tulajdonsagait meghatarozza:

- szal tulajdonsagai,

- matrix tulajdonsagai,

- szal és matrix aranya a kompozitban,

- szal geometriaja és iranyitottsaga a kompozitban



CFRP csillapitasi, kifaradasi, hétagulasi tulajdonsagainak 6sszehasonlitasa

Rezgéscsillapitas Kiilonboz6 anyagok Hoétagulasi egylthato

(CTE - Coefficiente of Thermale Expansion)

V|BRATIONS DAMP'NG kifa,radaISi tUIaidonsa’gai 10-6/'( GFP - Uvegszdl erdsitésG mlanyag CFP— Seénszél erdsitésid mbanyag
F- — 1

TORAYCA [oa—

CFRP

; I
> ;‘g ] 105707
Ciklusszam
ACEL 60
50 10
[ Ve s e a0 -
L 30
e i
v, 10 Y

20

Rezgésiamplitudo

\V) N s OMPOZIT 0
— FEM Szénszal + Aluminium Uvegszal+ > >
Epoxy  Acél Titanium Epoxy Acél  Aluminium GFP CFP

i b, 8




Szénszal gyartok elméleti évenkénti gyarto kapacitasa (2015)

) T

 Hyosung Jeonju Ramp-

35,0 +

SGL ACF Moses Lake Ramp-up 9 (+ 6 = 15) kt/a up 2,5 -> 14 kt/a (2020) d‘g
e = Zoltek
25,0 m Evenkentikapacitas Piedmont

8
o

.
o
o

e
o
o

o
(=]

Kapacitas évenkénti névekedése kt




Teritett szénszal tow eldnyos jellemzoi

héz impregnélhatéség - o Eredet| |

Vastag tow

¥ ¥ e

000 006 000 0086 000 a0 -
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Impregnalas rétegelés a matrlx-val 5mm
széles

Uregképzbdési
hajlam

Kevésbé tartos

Jol impregnalhaté

Veé ko ny

I A e

Teritett

i

Impregnalas rétegelés a matrix-val

Tartos és a sertlésekkel
szemben ellenalld

Ureg-
mentes

szalag

25 mm
széles

—————






3D térbeli kelme szerkezetek

SWEAVE" Preforms
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Braiding, Flechtverfahren, Fonatolas




Carbonfiber — evolution of prices

Future of carbon lies in
volume-applications

500
Milita

Price €/kg

struction
g |

1970 1980 1990 2000 2010 2020



HPC have multiple areas of use;

especially where weight reduction is important

Wind

Space

Mobiletech

Aviation

Exploration und piping Marine

Military



TECHNOLOGY: THE CONNECTION BETWEEN SPEED AND
SAFETY

/'_

Low speed - High risk High speed - Low risk

"It is all about probabilities. You can never make it safe. F1 is not safe but you
can do a lot of work to reduce the probability of somebody getting hurt.”

Max Mosley
Former FIA President



Resin Transfer Molding (RTM)

W Uppertool (punch)
e R \\
A * D B * W\»

Preform
Undertool (die)
Preform deposition Closing of the tools  Injection Consolidation Removal of the component
Light: 1-20 bar
State-of-the-art resins HP: 150-200 bar
=  epoxy

= polyester

= vinylester

= phenolic

= bismaleimides

= polyurethanes (future candidate)



DORNIER technology:

> Patented AirGuide® rapier rod is vertically
guided by air stream

Your benefits:
> Lower setting effort
> Time saving = 0.20% efficiency

> 0.20 € / 100,000 picks less spare
parts costs

> 40 rpm higher speed

> 0.20% less seconds




Carbon bars and drive shafts




Bionik Airfoil principle (Eagle, Aircraft, Wind turbine)

P+%pV’+ng=C

Bernoulli’ Equation

High air speed, low pressure

Low air speed, high pressure

The blade has a lot of airfoil
cross-section consisting of
different sizes and shapes
from theroot to tip.

MECHANICAL ) ELECTRICAL




High bending stiffness CFRP spar caps with UD fiber orientacio

Elastic modulus, E, Pa

Bending stiffness(E 1)

Flexural rigidity 1 mm?~ 15 000 carbon fiber

€~ elastic modulus 0,1 m?~ 1,5 billion carbon fiber

Tensile strength, 6

|- area moment of inertia

Strain, e, %
> 2
h
h’ —— I = 2,4(;)
E I - bending stiffness _A b
EI=MR o

M — the moment about the natural axis \
R — radius of curvature of the structure

Chord Length
———.

Surfacing
solutions

Aerodynamic
fairing or shell

\\
5C3
The distance between leading edge and \‘\"a“

trailing edge of an aerofoil




Offshore wind turbine and AIRBUS A 380 Airplane

Blade lengs: L=88,4 m
Power: P=8MW

e




Gigantikus szénszalas kompozit
merewtesu szellapat (Hossza I—88 4m)




Top 15 countries by total wind installations

Source: WWEA, February 2016

ideranid "
0293

Pola
nd...
China Germany China

148 000 45 192 32 970
Total capacity end 2015 (MW) Added capacity end 2015 (MW)




Carbon fiber 3D printing could bring high
performance and complexity

Current
Carbon
Printing

—7—>

Metal,
Printing &
Machining

Traditional

Geometric Complexity

Carbon Fiber

Performance
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KOszonom
az eddigi

figyelmet!




