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Krauss Maffei

KraussMaffel Represents 179 Years of Engineering History
KraussMaffei Company History

Krauss Maffei

1838 Miinchner Lokomotivfabrik J. A. Maffei was founded in Munich
1931 Krauss and Maffei merged into the Krauss-Maffei AG

1945-63 Krauss-Maffei AG developed a wide range of diversified branches:
* Transportation Technology * Processing Technology
 Defense Technology * Plastics Technology

1957 Construction of the world”s first large injection molding machine
capable of operating fully automatically with screw plasticization.

1962 First serial production of injection molding machines - start of
export

1967-85 Development of new series for injection molding machines,
especially  for large part production for the automotive and electrical industry

1968 Development of the injection reaction technology for the
processing of Polyurethane

1971 Start of extruder and extrusion-line production with PVC-processing

1857 Foundation of the Iron & Brass Foundry ,Ulrich Rietmann & Cie.”
1922 Acquisition of the Machine Factory & Foundry Netstal AG

1945 Construction of the first injection moulding machine

1961 Relocation to Nafels
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KraussMaffei Group 557 S IELH

Corporate structure

KraussMaffei divisional structure

Krauss Maffei
e () P

Competence in three segments

» KraussMaffei and Netstal
complementary brands within IMM

* Reaction moulding segment for PUR moulding

» Extrusion segment for extruding and
compounding plastics and rubber




Largest plastic machinery producer in the world£&Ek & K288}
PR F]
KraussMaffel key data for fiscal 2013

Sales by division (fiscal 2013)
1195M€
RPM
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Reaction Process Machinery Division, Milestones
5055 B FE R MR I HR T

Set up 1968

2001: Reorganization Krauss_Maffei Corporation USA

Start of Krauss Maffei Shanghai = 4 7 57 # ¥ 3E 56 [
WAL v 57 B R B

2002: Krauss_Maffei Italiana founded as competence-
centre for ,White appliance® and ,Insulation”

ALy s g EE CHAE M RIS AT

2002: Takeover engineering company from Elastogran
| Elastogrant/L g 2 =]

2005: Start of Automotive Component Systems
FRALR A RG]

2006: Start of Krauss-Maffei Korea
FOL e 57 B SRS E 2w

2006: Start of Krauss-Maffei Japan

J L 5 57 W3 AE H A2~ ]
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RPM Division X M. & HER ]
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Pultrusion Teamj?
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Josef Renkl
Head of Pultrusion R&D

E-mail: josef.renkl@kraussmaffei.com
Telefon: +49 89 8899 3288

Erich Fries
Head of Business Unit

E-mail: erich.fries@kraussmaffei.com
Telefon: +49 89 8899 2464

i

Wolfgang Hinz

Business Development and Sales

E-mail: wolfgang.hinz@kraussmaffei.com
Telefon: +49 89 8899 3047

Daniel Lachhammer

Business Development and Project Management
E-mail: daniel.lachhammer@kraussmaffei.com

Telefon: +49 89 8899 3080

Frédéric Huhn
Process Expert

E-mail: frederic.huhn@kraussmaffei.com
Telefon: +49 89 8899 3285
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Definition of Pultrusion RIFFHIE N

Pultrusion is a continuous and very efficient process to manufacture different composite
SH At

profiles with easy or complex geometries. ffERA—MEESHNAFRFEBH RS EE
ZLMERERBVMNIZ.

Reinforcement materials like fibers or woven or braided strands are impregnated with
resin in a open bath or in an injection box.1&3&#1#, A% ELYHERE, EHHH
B E IS EPRIENAE.

The technology name is a combination between "pull" and "extrusion"”. As opposed to
extrusion, which pushes the material, pultrusion works by pulling the material.

ZRARBWBRTFERE R OB ES. SHTHERARER, RSTRIMRIERILRY.
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History of PultrusionBIFfay 7 sE

1944 - 1952

- First patents for processes similar to Pultrusion (Watson, Meek, White) R 58 T Z & FIEE L URHT
(Watson,Meek, White).

1954

« Development of Pultrusion process with glass fibers and epoxy resin (E. Kiihne - Switzerland)FF &t 7 &
FHAMIPEMEMRHFFLZ (E. Kihne — Fht)

« Development of Pultrusion process with glass fibers and polyesther resin (W.B. Goldworthy - USA)F %
T ETFHAFMBHBARERNRAIIFTZE (W.B. Goldworthy — £ [E)

1960
«  Approx. 20 Pultrusion manufacturer located primarily in USA XA20% R AFE EE T ESHEEE

2016

« At least 90 pultruders are serving the main markets in USA, Europe an Far East K #)890% KA HFI& & it
MRS TEEE, BONURIERNETS
« KraussMaffei has started the Revolution in Pultrusionse 55 i IEFF B T R AR B E
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Pultrusion with open bath vs. Pultrusion with injection box

R FF R EE R L
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Open bath

vs RHAHESERA

Injection box
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Applications and Advantages of Pultruded Profiles

4

Rt A B FE =

Applications K Ff

Advantagesfii &

Electronicig 1]

High dielectric strength and creepage current resistance; good
mechanical and thermal properties= 44535 B FMRE, FRIHL
AN RE

Machines and PlantsHl 28 Fg &

Low weight, low thermal conductivity, high dimensional stability,
good chemical resistance, high mechanical strength, corrosion
resistance 2R, KSHAM, SRTREM, WUEFE, BHM
SREEL, WM.

Sports and Outdoor EFIF S EE R

Low weight, high mechanical strength %2 B F1= #4858 E

Automotivel5%

Low weight, high mechanical strength, corrosion resistancez &,

SHHERRE, iR

Constructioni

Low weight, high mechanical strength, corrosion resistance /&,

RS, T

Aviation iz

Low weight, high mechanical strength, high dimensional stability

RER, SIWEE, SRYREN
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Global Pultrusion Market in 2015 in $ Mio. 201652 k1%
Total Shipment was 2= $ 1,459 Mio.

Highly fragmented market: S 938& A

@ 350 (regional) pultruders X #9350 3K i% & 1 R 7,

@ Top 10 = 40% market shareHf& i 10{i(540%71% Sales in $mio

m Strongwell Corp

= Exel Composites

= Werner Company

m Glasforms Inc

m Bedford Reinforcement
® JAMCO

36,3% Tecton

33,2% . Creative Pultrusion

938, 64%
. ~~_21,2% = Teel Plastics
' m Fiberline

Others

20, 1%

19, 1%

Source; Source; Luontsl Grobeth Qppartunities in the Pultrusion Market
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Global Pultrusion Market by Industry in 2016 in $ Mio 201652k
3.

Total Shipment wasE = $ 1,542 Mio.

87, 6% 23, 4%

®m Consumer goods

The global pultrusion

_ ® Building /
market is forcast at a Construction
compound annual growth = Chemical
(CAGR) rate of & EkH %

%%ﬁ/ﬂ“iéﬁﬁiﬁéﬂﬁz& . m Others

m [nfrastructure
5 ] 1 % m Electrical

= Transportation

Cooling tower

Source: Source: Lucintel Grotwth Opportunities in the Pultrusion Market
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Pultrusion Market Growth / per yearhifhifEiEE

The best performing composite applications in the global pultrusion market

10.4% 10.2%

6.2% 5 704

Window Rebars Transportatlon Decking Grating
Profiles
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Development of Window Profiles with PU and GF PUFIEAFFH

& HHE

Current production speed 1,5m/min; development target 3m/minE &iI&1.5m/min. Bfx2&3m/min.
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Characteristics of Different Window Material TypesAE## & 1Y
) 4~ 55

Extruded
Aluminum

High High Low Low High

Afttributes Composites PVC4U Wood Steel

Strength to Weight

Thermal Conductivity Low High Low Low High

Expansion/Contraction Low High High Medium Medium

Corrosion/Chemical

. High Medium Medium Medium Low
Resistance

Electrical Conductivity Low High Low Low High

Thermal Insulation Low Medium Medium Low

Source: Lucintel
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Development of Rebars with Epoxy and GF
KAWBEMBEL, HIE “RIHTWE

Source: Evonik, Schéck, MMS Group,
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Enrichirg vas through innowvetion

Development for Wind turbine blade spar caps with Epoxy with CF

RAWBEMRAT L HXEHFXE

Current production speed 0,4-0,5m/min; development target 1m/min B &70.4-0.5m/min, B

Frlm/min.

1980 1965 1880 19485 2000 2005 2011 2018 (E)
Power  Rating: = 0% | 1% | 30w 100%
Electronics Roie: Sofl starier " Rotor | Rotor ! Full ganersior
ressiance [t e

Lower (HP)
Spare Cap

&
Read the complete report, "20% Wind Energy by 2030: Increasing Wind Enerqgy's Contribution to U.S. Electricity Supply"”.

Source: www.compositestoday.com



http://www.compositestoday.com
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Enrichirg vas through innowvetion

Development for Wind turbine blade spar caps with Epoxy with CF3&H
W RRFBRL I KD F AR

Current production speed 0,4-0,5m/min; development target 1m/minE&70.4-0.5m/min, B
FR1m/min.

Eadmazn

————= Requirement of Wind Power Industry | | § e
Widsrw
Interface S
- Rough surface hesmm
«  Similar Tg as infusion matrix e
+  Compatible matrix
+ Free of internal releasing agent Cross-section geometry

Free of defects

= Uncured resin

«  Foreign material

*  Hesin-rich areas

= Dryareas

«  Wisible indications of moisture

- In-plane and out-of-plane waves
+  Low void cantent

High fiber volume cantent
>60%
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KraussMaffei iPul — Pultrusionline for Higher Speed
5 S HTIRIE Pul-EiRhIHT 4
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KraussMaffei Pultrusion Technology 5 BB IERIFFRIAR

Process description T Z 114

1.

(Glass-, Carbon-, Basalt-, Aramidfiber) Rovings are pulled of the spool and funneled with guide system
through the injection box. (BE4F, xet, ZRETH, FLAH) KWEESIHELIHE.

The low pressure metering machine is mixing and tempering the matrix system (Polyurethan-, Epoxy- or
Polymid) unter the perfect process conditions inside the mixing head and inject the mixture into the
injection box. REEAITEEREE (BREEE, W, B , Kt IERERERELAFRFTENTIZE
%, REENERLIHEEHES.

Inside the injection box the fibers are impregnated with the high reactive matrix a an inmould pressure of
5 to 100 bar, before the wetted fibers pass trough the heated die with different heating zones from 100 to
250°C which cures the part to the final shape. ZE;ESI &P ALER S E B ERMURLRE, TS ERIEFH#H
NI SL XS, EH1E5-100bar, kB 100%8250° CHXEmMMk, HEE~mERRIK.

The pulling machanism at constant speed can be realized with an electric-pneumatic Puller with grippers
for complex profile geometries or with a Caterpillar for simple geometries. [BiR&5|#1#4 AT AT E 3
JUEITR R = m B =22 5 118 E 2R T B 2 /LA R = miy BN E S .

The profiles could be cutted to length by a traveling cutoff saw and afterwards be coiled or packed #!#ti%
RBKERBEVIEHHRILITE.

The operator panel of the Pultrusion line is regulating the process parameters and the pulling speed R

SRHRFERATUAERERAT L ZS8MESRE.
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Pultrusion NetworkhiHFH & S1EMLE

Krauss Maffei

aLreX !:'mats

Tooling for Composite
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Enriching Ives through innovation
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The Future of Pultrusionhi#fagsk ik !




