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Review of the 1st RTM-Workshop =L RWTHALACHEN
Motivation — Lightweight Design meanimon UNIVERSITY

integrativen Leichtbau

Aerospace Aviation Premium Standard
P Automotive Automotive

Acceptable cost for weight reduction in €/kg

Aerospace 5.000
Wide-bodied aircraft 500
Premium-KFZ (longterm) 8-20
Compact- and medium class (longterm) 5-14

= Fully automated and cost-effective
= Best surface quality

= Effective mechanical properties

[DLR Institut fur Faserverbundleichtbau und Adaptronik 2003, Mc Kinsey 2012, EADS, Airbus, Audi, Mercedes-Benz, Schuler, IKV]
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Review of the 1st RTM-Workshop =L RWTHALACHEN
Market Overview e UNIVERSITY
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50 - GMT/LFT
rabric/braid Used to make CRFP Parts via > = Others
5% . . . .
an infiltration process, like RTM 0 - _ |
— 2009 2010 2011 2012  2013*
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Market shares of the manufacturing processes / GFRP production volumes in Europe itemised by
Semi-finished products for CFRP (2012) procedures/components
[MTP, Ind.Exp., AVK13] (2013* = estimate) [AVK13]

Exemplary Machinery Manufacturer:
& - = |
Krauss Maffei DIEFFENBACHER scHULER Y2 ‘20N ENGEL. Hennecke {12/

November 7th, 2014 Aachen Center for Integrative Lightweight Production — AZL




Summary of the 1st RTM-Workshop —==__ RWTHAACHEN
megmerwemon. UNIVERSITY

m Derived needs for the future composite market are:
— “Methodology same as steel”, faster development, no overcharging of customers and better
acceptance for composites

— Identification of particular drawbacks, perfect material characteristics and generating knowledge
to realize benefit-cost analysis and to calculate cost break even points

— Special formulations with characteristics, adjusted to the process to improve process
difficulties and to lower costs. E.g. lower viscosities which allow the use of less pressures and
thus, less expensive equipment costs

— Possibility to use different material systems with the same equipment to ensure investments

m To fulfill these needs of the composites manufacturing, considered cooperative aims of
the AZL-partners are:
— Benchmark of the different process chains, concerning manufacturing and material technologies

— Implementation of standards, like standardized material data sheets for simulations and
design to realize a more industrialized composite market and to accelerate composite
developments
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Material Data Sheet Study =L RWTHAACHEN
Content et 2o UNIVERSITY

Overview of Material Data Sheets and Standards

Requirements for Simulation Purposes

Machinery and Process Requirements for RTM )

Conclusion and Discussion
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Motivation =2 RWTHAACHEN
Standards oo B L UNIVERSITY

= Why do we need standards?
— Faster product development processes
— Better process adaptability for defined assemblies, mixtures, etc.
— Easier quality assurance
— Wider spread market, 10 " Soutce: rogres
extending industry sectors

Source: Edelstahl Lechner

Source: Dontscrapit

= Push for new technologies into broader applications
= Lower entry barriers to new markets
= Increasing selling and distribution
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Viotivation | A= RWTHAACHEN
Challenges of Composites megmerwemon. UNIVERSITY

Composites and Standards

= Composite materials have nearly infinite combinations possible by varying fiber types,
resin systems, fiber loadings, fiber architectures, fiber sizings, cooling rates, mold
pressures, etc., resulting in largely varying properties for the same fiber/resin
combination.

= While this large range of achievable properties allows for a high degree of optimization of
composites for high performance applications, it hinders the adoption of composites
in high volume production industries such as automotive.

ource: Bike components = Source: Dorint-Blog Source: John - Fotolia.com
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Motivation
. . AA=__RWTHAACHEN
Needed Information for the Supply Chain nactener 2o UNIVERSITY

Machine tool <

Resin system Ny A manufacturer N User
supplier 7 e & L
< Manufacturer

Sou

= |nfo for distribution and = Simulation input values = Tool design = Handling properties

selection process/ for the use of design and * |njection process » Recycling
advertisement of his process models = Sealing concept * Environmental
compatibility
= Mechanical & characteristics system = Certifications and seal of
process properties » Process dependent » [Information for process quality

| |
1 1
1 1
1 1
| |
1 1
1 1
1 1
| |
1 1
1 1
| . 1 .. . .
products 1 = Mechanical 1 * Mixing unit & dosing
1 1
1 1
1 1
| |
1 1
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1 1
| |
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1 1
| |
1 1

= Packaging and changing values applicability, e.g. = Standards
= Delivery = Viscosity
» Storage = Geltime
[ Tg
= Curing cycle
information
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Motivation
. . AZ=Z__RWTHAACHEN
Needed Information for the Supply Chain e UNIVERSITY

Machine tool
manufacturer

Resin system
supplier

Designer
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Motivation 1= RWTHAACHEN
Material Data Sheet s AT UNIVERSITY

Source: Axson

Material data sheet

* Resin-system suppliers provide a material data sheet
» Datais used by all further participants in the supply chain
* Demands on product data from participants are diverse

Development of a standardized material data sheet regarding the
needs of all participants
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Motivation - Standardization

Requirements for Simulation Purposes

Machinery and Process Requirements for RTM )

Conclusion and Discussion
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Current Data Sheet Analysis
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24 material data sheets of 9 companies were

investigated

Which properties are necessary to satisfy

the needs of all part

icipants

?

47 different properties were found



Overview of Material Data Sheets
Current Data Sheet Analysis
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Evaluation of resin system properties
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Which properties are necessary to satisfy

the needs of all participants?
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= 24 material data sheets of 9 companies were

investigated
= 47 different properties were found
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Overwe\_/v of Material Data Sheet_s =L RWTHAACHEN
Comparison of exemplary Material Systems oo UNIVERSITY

Components temperature [°C] 100-120
o Mould temperature [°C] 90-120 80 140-160
@ S Mix ratio 100 : 10-25 100 : 170 100 : 100
§ 1>J Viscosity at injection temp. [mPas] 70 50 5
+ L Time for demoulding [min] 3-5 4-5 2-3
Charge technology LP/HP LP/HP LP/HP
o GClass transition temp.(Tm) [°C] 145 105 60 (220)
% % Young‘s modulus [Mpa] 2900 2400 3400
§ % Breaking elongation [Y0] 5 6 20
~  Fracture toughness (G,.) [J/m?] 240 J/mz 430 J/m?2 -

Source: Basfll
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Overview of Material Data Sheets

. : A =__RWTHAACHEN
Inconsistency of Material Data Sheets v UNIVERSITY
Different presentation of the same values Inconsistency of mentioned properties
Tabular Graphically Text - L : . .
—> Different properties are listed,

2 > fSOn EPOLAM 2020

Source: DSM

_ even in data sheets of the same
e material group of one company

- Different terms of same
properties

-> Different amount of listed
properties
(range in this study: 10 — 18)

-

Source: Hexcel

Source: Bakelite

November 7th, 2014

= The most rational way of displaying
data information is to be defined

= The relevant properties and testing
methods are to be defined

= A structure that guarantees a good
overview and comparability needs to
be established

Aachen Center for Integrative Lightweight Production — AZL




Overview of I\/Iaterl_al Data Sheets =L RWTHAACHEN
Standards for Testing Matrix Systems e UNIVERSITY

Different standards are used to determine the same material property
e.g. ASTM (USA) vs. ISO (intern.) for the glass transition temperature T,:

3M son EPOLAM 2020

TECHNOLOGIES

Matrix Resin EPOXY LAMINATING SYSTEM
4831 Tg80c
July 2011
Product Description DESCRIPTION
3M™ Matrix Resin 4831 is a high performance DGEBA (Bis-A) epoxy matrix resin for use in
carbon fiber composites compatible with the filament winding manufacturing process. 3M™ The system is designed for the production of composite structures by usual wet lay-up methods,infusion, vacuum and
Matrix Resin 4831 1s recommended for use with anhydnde curatives. low pressure injection as well as filament winding.
Typical Cured Neat Resin Properities PROPERTIES
The following technical information and data should be considered representative or typical +  Variable reactivity by adcing an accelerator «  Good mechanical properties
only and should not be used for specification purposes. . Er);,owt;;rasbf,?sr i +  Good temperature resistance
L. cellent fabric wetting *  Hard ithout Toxic label
Property Test Method 3M™ Matrix Typical Epoxy A ST M D 34 1 8 = O 8 . ardenar wiiiout Texie
Resin 4831
Density (glcc) ASTM D792 141 122 D S C PHYSICAL PROPERTIES
E:::::(ri gmzlr(:gf;ﬁ: 2 ASTMDZRS o 053 . i ) Composition RESIN HARDENER | ACCELERATOR | MIXING
housal 150°C) (Differential Scanning Wi ralo by weight 30 7 o1
Mechanical Properties | : . Mix ratio by volume at 25°C 100 41 -
Fracture Toughness Kic ASTM D5045 132 052 Cal orim et”e) Aspact liquid liquid liquid liquid
(MPa- V'm) (Compact tension
geometry) Colour colourless colourless colourless colourless
Tensile ASTM D638 Viscosity at 25°C (mPa.s) | BROOKFIELD LVT 1,600 40 1,300 550
Modulus (ksi) 722 466 = .
Max Strain to Break (%) 66 104 Specific gravity at 25°C 1S0 1675 : 1985 1.17 0.96 1.10 1.11
Yield Stress (ksi) 12.8 129 Potlifeat25°C on 500 g  (min) | Gel Timer TECAM 0 phracc. : 120
Barcol Hardness (Hs) ASTM D2583 58 38 | | - - @ phracc - 100
Thermal Properties ] Gel time ai 23°C on 500 g (min) | ASTMD 2471-99 10 phr ace : 20
Exotherm During Cure ASTM D3418 !
| L el it g Tt— 2 . MECHANICAL PROPERTIES (1
< Glass Transition ASTM D3418-08 —> | S O 1135 9 . (m
Jenperature (°C) 111 134 Flexural modulus 1SO 178 :2001 MPa 3,100
= - - - T M A Flexural strength 1S0 178 :2001 MPa 126
Property Test Method 3M™ Matrix Resin Typical Epoxy -
4831 . sile strength 1SO 527 11893 MPa 78
Complex Viscosity " ] (ThermomEChan ical Final hﬁness 508522002 o SHOI D15 88
(Pas) Dynamic Mode, A I H —
@30°C 1Hz, 140 063 na ySlS) < | Glass temperature transition 1SO 11358 : 2002 C 80
@40°C parallel plate 065 029 Demoulding time at room temperature winou accelerator "CTO051 1008 hr 48
@50°C 034 0.14
@60°C 0.20 0.09 Complete hardening time at room temperature - days 7

November 7th, 2014 Aachen Center for Integrative Lightweight Production — AZL




Overview of I\/Iaterl_al Data Sheets =L RWTHAACHEN
Standards for Testing Matrix Systems menamoroamnee  UNIVERSITY

Currently used standards in the industry as an example:

Material Property  Standards
Density ASTM D792, 1ISO 1183, ISO 2781

Heat distortion temperature ASTM D648, 1ISO 75

Hardness ASTM D2583, EN59, ISO 868

Flexural rigidity ASTM D790, ISO 178

Glass transition temperature ASTM D3418-08, ASTM D3419,

ISO 11359-2, ISO 11357
Gel time ASTM D2471-99, ISO 8130-6

Variety of standards and test methods make a comparison of values and
materials nontransparent

November 7th, 2014 Aachen Center for Integrative Lightweight Production — AZL
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Motivation

Overview of Material Data Sheets and Standards

Machinery and Process Requirements for RTM

Conclusion and Discussion
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Requirements for Slmulat_lon Purposes | ==L RWTHAACHEN
Product and Process Design by Simulations menmenmon UNIVERSITY

integrativen Leichtbau

Material data sheet |

PAM-Form Abaqus ESAComp

PAM-RTM NEi Nastran Ansys Composites Prepost
LIMS Helius:MCT RAVEN

LCMFlot Compositor/ALAN COMPRO

RTMWorx LS-Dyna PAM-Crash, ...

November 7th, 2014
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Requirements for Simulation Purposes

. : : A=__RWTHAACHEN
Exemplary Composite Simulations meermmoroaom UNIVERSITY
>
COMPOSITOR/
PAM-FormM PAM-RTM LS-Dyna ALAN

Source: compositeguk Source: ifb Source: TUD

&
T

-~

T

I o

e.g. Ogden model e.g. Darcy's law e.g. Gurson model e.g. Puck's theory

» Hyperelastic material » Phenomenologically » Based on the concept that » Three-dimensional
model which describes the derived constitutive during plastic deformation, failure hypothesis for
non-linear stress-strain equation that describes micro voids nucleate and UD FRPC's which is
behaviour of complex the flow of a fluid through grow until a local plastic stress-based
materials a porous medium neck or fracture of the

inter voids matrix occurs

November 7th, 2014 Aachen Center for Integrative Lightweight Production — AZL




Requirements for Simulation Purposes =1L RWTHAACHEN
Composite Simulation menmenmon UNIVERSITY

Each simulation software uses different input values:

PAM-Form PAM-RTM LS-Dyna ALAN

Density Vacuum pressure = Strain energy Density
release rate

Bending stiffness Fiber permeability = Stress intensity Elastic modulus
factor

Input Fib dul Nominal weigh Poi ’ [ Sh dul
Values iber modulus ominal weight oisson’s ratio ear modulus
(Examplary except) Resin viscosity Inj. temperature Strength Poisson’s ratio
Geometric data Resin viscosity Crack energys Geometric data

(e.g. fiber orient.)

e

. _ )
Further input data: Not : t val : I
- boundary conditions _ ot every Input value IS generally
«  number of plies in the laminate listed on the data sheets for a
- stacking sequence Y, composite simulation

November 7th, 2014 Aachen Center for Integrative Lightweight Production — AZL




Requirements for Simulation Purposes =L RWTHAACHEN
Exemplary Simulation Input — ALAN meermmoroaom UNIVERSITY

Fenster  Hilfe

=7

@Z  Materialverwaltung
.
a stant Hilfe | | Einzelschichtanalyse: T300g@Boxy L¥556/HYa17/DY ~ eAnzelgen @Lmaar | Laminatanalyse: 0/90 Ausblenden @Lmaar @N.chﬂmear @Lmeare Bruchkurve
A

INSTITUT FUR
KUNSTSTOFFVERARBEITUNG -8 x

AN DER KT AACHEN

= E Analyse Linears Mlgemeine Angaben L
=-f) Laminataufbau 0/90
) Matsrialdaten Schicht 1 (0°) In deMgngezeigten Tabelle finden Sie die mit dem Puck'schen Fest m berechneten Anstr fakoren fir alle Schichten des
1) Materialdaten Schicht 2 (90°) @ M RE Matmpmatenal:  Keine Angabe Laminal ]
) Materialdaten Schicht 3 (0°) o 155 lo/cm] Dichte Fasermaterial:  Keine Angabs ger .:':sl gungsfaktor f (E: effort) gibt das Verhaltnis von der Lange des Spannungsvektors zur Lange bis zum Durchstofpunkt auf dem
ruchKorpagan.
-] Steifigkeit (Laminat) Stefigkeiten Basisfesiigkeen Abminderung . E
3 Anstrengund@faktor f; < 1: kein Bruch
4 Steifigkeit (Laminat) E, 139260 130 Pl Ry 2125 2125 MPal ks 1 H * AnstrengungWlakiorf, =1 Bruch it gerade ein
1+ Steifigkeit Schicht 1 ( ) B, = MPa] R; 15 157 MPal k., 1 O * AnstrengungsWktorf, > 1 Bruch
i L Steffigkst Schicht 2 (§°) G 2812 MPal R} 45 [MPa] Betragt der trengungsfaktor z.B. f; = 0.5, so warde die doppefte Last (gleichzeitige | ikation aller Spar en mit dem
4 Steifigheit Schicht 3 () 6. @ | Mra R, 0 el Faktor 1/f,)zuf| Bruch fihren (vgl. Bild 1).
Q Ingenieurskonstanten (Lahinat) b
) [ R 70 [MPa]
@) Last (Laminat) v 026 "
F=-f+] Festigksitsberechnundllinear) v 04 H P _ Lange des ) Spar - i}
4 Verformungen Them. Ausdehnung [10-6/ Quelkoeffizert [10-6/% E g o= i i okl
em. Ausdehnung [10-6/K] uelkoeffizient [10-6/%] teigungsparameter [ Lange des kollinearen Vektors bei Bruch e
3, Schichtspannungen o 07 a, uHE g o e B =
£}, Anstrengungen (Puck ¥0) + — |
Einfluss faserparalieler Spannungen auf Zib P - =
s m st omt Pl 03
VDI2014 v  Ohnekonstarte Lastartsle 05 05 05 05 Pl 0275 R
e h Kollinearer Vektor ~y~. Bruchkurve
Mit konstanten Lastantelen 0.6 06 06 0§ Pl 0228
] W e Eoppe e Aktueller Spannungs?
5247 0 0 o 0 zustandsvektor {0}
£247 0 0 0 0 T
& 0 R’ 0
0 0 i
0 0 0 685779 8323 0 Bild 1- Definition der Anstrengung T
0 0 0 2329 121141 0
0 0 0 0 0 13931
Copyright @ <2010>, <IKY, Aachen>
X
Vaabie Losartele [N 0 Jo Jo o Jo g
M) =[N]
Konsiarte Lastartcie LI 0 Jo Jo o o |
Temperaturdferenz 0 ] Feuchtegehat 0 1]
Anstrengungen (Puck 2D) o ° n a
Schicht _ Anstrengung Fb [] Anstrengung Zfb [ Zb-Modus Bruchwinke! [']
1 0 0 A
e | LI e Hinweis
2000 [0 0 A 0
309 |0 0 0

‘Schichtspannungen o o o °

Source: IKV
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Requirements for Simulation Purposes =L RWTHAACHEN
Exemplary Simulation Input — ALAN megmmven toamses UNIVERSITY

integrativen Leichtbau

Materialdaten Schicht 1 (0%)

| Lineare Eigenschaften | Nichtineare Eigenschaften | Algemeine Angaben |
Elastic Kenrwets 5 basis strengths
modulus o 6D [ FVG Matribmaterial:  Keine Angabe // of a UD-layer
\ p 155  [g/em] Dichte FESWMEW have to be
\\ Steffigkeiten Basisfestigkeiten Abminderung measured
Shear E, 139260 139260 IMPal R; 2125 2125  [MPa]  Kegss 1 H
modulus ~ = MPal Ry 1570 167 MPal ke 1 H (Orientated
~a G 2612 MPa] RI 45 [MPa] hs b
G, 2133 MPa] R} 200 [MPa] strengths by
. v 026 [ R 70 [MPa] PUCk)
Po_lsson — . 0z 4
ratlo Them. Ausdehnung [10-6/K] Quellkoeffizient [10-6/%] Steigungsparameter [-]
ar D17 w3254 B 0 B. O CFK -
Einfluss fasemparalleler Spannungen auf b P I“ 035
g~ m st mt P 1 0.3
VDI 2014 - Ohne konstante Lastanteile 05 05 05 05 p L_ 0275
Mit konstanten Lastanteilen 06 06 06 D6 P1L 0.228

Source: IKV
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Bild: Krauss-Maffei

Source: KraussMaffei

\ e
/A - Pump

Source: LTU

H - Component B \
In the machine design process B/ - Hydraulic pressure [Rangfcas
. : C - Heated platen J - Metering
each machine component is D - Mold 1= Breform
influenged by mfaterial properties E - Ejector system L - Static mixer
(V|SCOS|ty, Chem|ca|,) F - Material Charge M - Metering
\G - Component A N - Mold )
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Machinery and Process Requirements for RTM

Challenges of RTM Components

FA=__RWTHAACHEN

Aachener Zentrum fiir UNlVERSI'I'Y
integrativen Leichtbau

(Mixing and injection uniD

(Press and drive system)

ﬂrect impact
* Chemical compatibilities

o

» Sealing system/ concept
» Materials and chemical compatibility
(e.g. HNBR, EPDM, FFPM, PTFE)
« Concept, e.g. o-ring, labyrinth seal
bellow-type seal, shearing edges...

» Cleaning of the cavity (form release agent,

surface treatment, coating)
» Gate system and vacuum process

Pressure characteristics, Gating, flow gate,

air vent, resin trap, flow path and front

Indirect impact

» Design and dimensioning of the mold
« Part ejection, demolding

» Heating technology, rates

» Specific sensor technology

~

/
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Machinery and Process Requirements for RTM A= RWTHALCHEN
Challenges of RTM Components menmenmon UNIVERSITY

Crect impact \

 Mass flow rate and injection pressure
characteristics

* Material compatibilities

 Cleaning and scavenging system
(by the use of different materials, the
previous substances have to be removed
completely)

« Dimensioning and material selection of the
unit components
* Maintenance (sealing, slide feed)

o .

Indirect impact

November 7th, 2014 Aachen Center for Integrative Lightweight Production — AZL




Machinery and Process Requirements for RTM == RWTHAACHEN
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integrativen Leichtbau

ﬁrect impact \

Drive power, motion speed and
acceleration, (e.g. pressure buildup times,
speed profiles , accumulator drive)

Indirect impact

» Accuracy: Parallel motion and aligning the
mold (e.g. optimized deflection properties)
» Sensor technology

(controlled speed profiles, active ram
parallelism control)

- Electro-mechanical press
(e.g. screw press)

- Hydraulic press
\(e.g. short-stroke presses) /
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Viscosity for a Standard Injection Cycle Viscosity Build-Up [ISO 12058-1]

VFscosity (mPa.s) Temperature °C

250

200 200

To 1500 10-12 3.5-45

150 150

A _ To 1500 19-21 7-8

100 100
50 50

0 0

0 20 40 60 80 100 120 140 160

Time (min)
Viscosity - === =Temperature
Gel Time [Hot Plate] Initial Mix Viscosity [Falling Sphere Viscometer]

Source: Hexcel, Huntsman
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Machinery and Process Requirements for RTM
Exemplary Process Information of a Data Sheet

Aachener Zentrum fiir
integrativen Leichtbau

FA=__RWTHAACHEN

UNIVERSITY

Glass Transition Temperature [IEC 1006; 10 K/min]

November 7th, 2014

140-144
144-148
145-150
148-153
150-155
150-155

125-128
125-128
130-135
135-145
140-145
140-145

Log
10.0

9.5 1

9.0 +

8.5

8.0 -

7.5

Glass Transition Temperature [ISO 6731-4]

E' (Pa) Tan Delta
- 1.2
Amplitude (p-p) = 0.40mm
____________ - 1.2
Log E' (Pa)
1.0
- 0.8
L 0.4
TG WET : 167°C
TG DRY : 183°C
+ 0.2
Tan Delta 01

30 50 70 90 110 130 150 170 190 210 230 250

Temperature (°C)

Comparison dry/wet (14 days in water/70°C)
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Costs for gathering a Relevant properties

broad spectrum of
properties

User-friendly and clear

All relevant information )
material data sheet

for every user of the
resin system
(high complexity)

) Find the balance between an all-information containing material data sheet and an easy-to-use concept

> Define material data sheets for the user (product designer, machine tool manufacturer,...)

| Cost for gathering data are high. Which data is really relevant for the user?

> Analyze/ define the relevant properties including the most appropriate testing method
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Draft of Standard Material Data Sheet megmenmemne UNIVERSITY
Description
RMstandard Data sheet General description of resin-system in text form to specify
escription ) the unique selling points of the product and typical
%ﬁ?\%ﬁ%ﬁ&%ﬁiﬁ:;mgf;;;ﬁagﬁﬂinat;;.'arr'lce:re;i’n;ranslfé—r e appllcatlons Of the pr0dUCt
\heronauiinsty Properties (tabular)
1.4 Components Properties (<1 by comporent ———— | Component/System properties:
w:fmm 150120881 - Viscosity at RT and processing temperature
| peewesscosow - Density at RT
Al1.2 R:::::emes _ Co | Or
argener e m . —Q) Properties of the resin-system:
— — e - Mixing ratio (in parts-by-weight and parts-by-
e . volume)
e ” - Density of uncured and cured resin-system
L"i‘imu%’:&mmw - Fracture toughness and fracture energy (bend notch
IS0 13586 [.
test)
S T N "B - Strength (tensile and flexure)
Modulus [ MPa] 2890 3300 .
] i e - Modulus (tensile and flexure)

Specifications[150]

- Failure strain (tensile)
- Barcol hardness
- Color
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Conclusion and Discussion
Draft of Standard Material Data Sheet s AT UNIVERSITY

FA=__RWTHAACHEN

RTM Standard Data Sheet

A2, Processing Information
Machine
Mould Temperature [*C]
Injection Pressure [Pa ]|
Curing Information [time], [*T] and [2°T]

Resin-System

Initial Mix Viscosity (Cone-Plate Viscometer)

T[] [mPa.s]
25 300-1100
a0 200-300
&0 70-80

Viscosity Build-Up (150 12058-1)

T[] [mPa.s] T[s]
Resign 75 132
Hardener 2890 3300
0,5-2 0,5-2
Glass Transition Temperature
Storage
Shelf Life [23°C] 15 day maximum

Guaranteed Shelf Life [-18°C] 9 months

Gel Time [Hot Plate]

T[*C] t [ min]
120 54
140 30
180 12

November 7th, 2014

Properties (tabular)

Product properties concerning the machine side setting of
) the resin system:

- Mould temperature

- Injection pressure

- Curing information

Processing information of the resin-system:
) - Initial viscosity of resin system depending on
temperature
- Viscosity build-up of the resin-system depending on
temperature
- Glass transition temperature Ty

) Storage and usability of resin system:
- Shelf life at RT
- Guaranteed shelf life with special storage conditions
- Geltime

Aachen Center for Integrative Lightweight Production — AZL
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Draft of Standard Material Data Sheet UNIVERSITY

integrativen Leichtbau

RTM Standard Data Sheet
Grthics

B1. Viscosity Profile

Properties (graphically)

Viscosity development for various parameters:
) - Time vs. viscosity (isothermal)
- f— - Time vs. viscosity (typical injection cycle)

) Glass transition temperature depending on various
parameters

'} Water pick-up (time vs. percent)

... various further possibilities.
Which are needed additionally?
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Mechanical Properties of a standard textile can increase comparability of different suppliers

Examples in data sheets |

-— o 7\> —
Ashland DSM Henkel
glass fiber carbon fiber glass fiber

CF

Saertex®

Continuous veil glass
Chopped strand mat 450 g/m?
% Chopped strand mat 450 g/m?

c
E
i] Chopped strand mat 450 g/m?

layers N

4 UD-layers NCF

(@)
-
<t
(S
=
N

Chopped strand mat 450 g/m?

fiber content: 48 Vol. %

curing cycle mentioned curing cycle mentioned curing cycle mentioned
Definition of a standard laminate |
Textile System

* Resin-system

* Fiber volume content

e Laminate structure (UD, biax.,
multiax., ...)

* Process conduction

* Fiber type (glass, carbon,...)

» Connection type (UD, weave,...)
* Roving (tex, K)

* Mass per unit area
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Standard Product Groups e UNIVERSITY

In comparison to steel parts, composite parts have a nearly infinite amount of property variations. This is a
great advantage of composite parts, but also hinders the adoption of those in mass production.

- Define standard composite parts by further application of the parts:

Impact Strength driven Stiffness driven Appearance
uD Multi-axial NCF Twill weave Non-woven
Aramid Glass Carbon Carbon/Glass

= Is the idea of developing standard composite material systems of interest to both the production industry and
supplier community? If not what should we be doing?
= Is this something that industry should do on their own and is there a role for the government in this process? Who

should do this?
= Do we need target material applications/classes and how do we go about setting the targets for those?

Aachen Center for Integrative Lightweight Production — AZL
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Other Activities — Standardization
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Det Norske Veritas, Norway:

. . ana e
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integrativen Leichtbau

Realization of even simple designs of FRP
structures tends to become a major undertaking
due to the lack of applicable desing standards

The lack of a FRP guidline is one of the major
obstacles to utilize FRP structurally in a reliable and
economical way

Members of the JIP: ABB Offshore Technology,
Ahlstrom Glassfibre, AMOCO, Akzo Nobel Faser
AG, Baltek, MMS, Norsk Hydro etc.

Obstacle to exporting due to lack of common
standards

Diffcult competition conditions caused by
differences in national standards

R L RC Y I

uniform standarﬂ for Ufgﬂﬂi('. tE}(tllE‘-S.
fural Tavtila Inrhvetee (R IR

|

~

The International Working Group (IWG) on Global
Organic Textile Standard was found in 2002

The IWG introduced a Global Organic Textile
Standard Scheme (GOTS) in 2006

IWG shows us that it is possible to find solutions in
the textile industry on an international scale

v
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