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Forecast CompositeAutomotive (will it happen ?)

C Global composite market C USA Cpmposites Market C Fuel Regulation, Km/liter
(UsD Billion) A~ . (USDBillion) |2z wioman  coen
+7% p.a. ) 12 ® Transportation 12.0 %4 232
% S5 = Marine ) 2
” - "
— n onergy
Metal 27.0 a 4 - R 10 16.6 (/ 6.8
matrix E=N2 :‘:' erospace s d
,-.-\‘ e ] 12.4
Ll 38.3 & onstruction = g o
Polymer 255 4 Electrical&Elocttonics s 1€ A N 4 ke it L 3
based » DS - & e g L3 s S -
2 = Consumer- good- TR EERE WA FEN AN
0 20“ 2020 A Save 5% fuel _
2014 2020 for each 10 % mass saving.

. . Lucintel(from Composites Manufacturing Jan/Feb 2015)
Based on press releases announcing publication of reports

from Markets and Markets, Transparency Market
Research, Lucintel, McKinsey & Company

C Aerospace composite industrynade
guantum jump wheBoeing 787 and
Airbus 380 adopt composites in 20Q9
55% of total maséwnas less than 5%),
saved 20~25% fuel

C The same will happed to Automotive
Composite iIindustry, s
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Light Weight Automotive | ndust ry

BMW i3 electric car,

Audi R8 GT, front
structures, 2014

splitter, 2012
BMW M6, .
Roof, 2012

Audi A8, Polymer
Composite Wheels, 2015

GM Chevrolet Corvette

Dodge Viper, Body
Em-@_ Stingray, Hood, roof, 2014 panels, 2013
(-

GM Chevrolet Silverado,
cargo box, endjate, 2014

VW XL1, frame,
body, window,2014

Benz SLS AMG GT, Mirror
cap and engine cover, 2013

GM Pontiac
Solstice, Trunk,
o bumper, frame,
. . 2006
Nissan Rogue,
Lift gate, 2014

» Jeep Wrangler,
[, - H 2 7
Ford cargo truck =
1835T,Cargo_ .
box,2010. -

Renault Formula 1, chassis, \
rear suspension, 2004

- Hyundailntradq
ww frame, hood, side
““panels, 2014

Lexus LFA, body
and chassis, 2011

Lamborghini - ... [Ferrari Formula 1,
Veneng Suspensjon“ Gear box, rear

~ Arms, 2013 " suspension, 2014
% = Z
LightWeight Automotive Market will grow
more with Electric Vehicle.
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Integrated Engineering Development Process (IEDP)

C Materials ¢ DESIGN C Manufacturing Process
Y4 )

TS and TS; Design for easy process; ( Hybrid Process for cost-effective h
Glass, Carbon & Aramid; Optimal Fiber direction; (high cycle rate) process and
Material properties; Optimal performance and process better mechanical performance
Material cost, processibility , : : ) _

o _ A Design Innovation A Mold and Tool Selection

AFibers (carbon, glass, aramid) [a./- a2

LA

AThermoset & Thermoplastics

A Manufacturing Process

A Desigrfrom Structure Simulation A Compression

A stiffness, strength, buckling, vibration, fatigue Injection
RTM
RIM
GRTM
HRRTM
T-RTM

A Non-Crimp or woven Fabrics

A e : i
I{i‘.‘ ‘;“llr\a'i 'l, &? =)

To Joo Joo T To o

Aresin prepregproducts&
Injectionrmoldingcompounds

A Manufacturing Process Simulation
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Thermoset vs Thermoplastic : Process

Thermoset

Strong to environmental Heat and Wet

Low pressure but takes longer process

No recycling

0]

A

A

A Weak to Impact
A

A Epoxy,

PU, PEp

Thermoplastic

0]

A Weak to environmental Heat andWet.
A High pressure but short process

A Strong to impact.

A Recycling

A

PA, PP,

eronautics

4&

TS process

/ NI

Cross-links

pressure temperature

»
>

'

Long time

Low temperature ,
Low pressure,

Longer cycle time

Thermoset

TP process

High pressure
temperature

Spo";j.'f.”t:sum High Pressure )

[ fﬂ
> Ve Qg

time d{ié wtwf °

<o
High temperature , %M

Short cycle time Thermoplastic

U New Process has been developed to shorten the process cycles for TS and TP composite:
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Thermoset (TS) vs Thermoplastic (TP): Mechanical Properties

0 The failure strains of Thermoset (TS) vs Thermoplastic (TP) resin: about 2% vs 5%.

A Thermosets : cross linked In the fiber reinforced composites, the failure
A Thermoplastics : amorphous & Crystalline strains of resins play more important role
o than the strength. The fibers and resin deform
NearFaire  © (MPa) str:c?l:re together__
brittle failure
| |
— near
ggzﬁ.tn(g e failure s (MP3)
aoy / plasiic failure \ * Typical stress strain curves of TS vs TP
Initial !
2 ﬁnloadife]oad Crosslinked . I
& 70 | e R EEEE L %--'
8 L | & . TS resin : i
4 6 8 I i TP resin !
aligned, networked |l i~ T : . Amorphous and crystalline
cross-  case i :.,...l.::e'--w crystalline , !
linked : ‘ S || regions : !
case ' ”"Mﬂ slide : !
| | !
crystalline regins ca ine ] ; . >
case elongale regions align e =2% e,=5% €
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Failure of TS vs TP Composites under Multi-axial loads

U Under Multi-axial Loads, 90 deg ply of TS composites can easily crack.
U Higher failure strain of 90 deg ply of TP composites may delay crack initiation.
U Higher failure strain is more desired feature than higher strength.

Stress strain curves of

s (MPa) TS vs TP composites
1 |

TP Laminates [0/90]

ates [0/90]

—

w

—

)

3.
S S

-
v

U TS Composites i TP Composites e

Cracks in the 90 deg ply can propagate to 0 deg plies. Similar behavior in Longerm fatigue
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Fibers (Glass & Carbon)

AHigh stiffness glass fiber : HiPer -tec (3B), Ultrablade (OCV), Innofiber (PPG), etc.

Fiber Types E-glass R-glass S-glass Carbon
Density (g/cn) 2.552.64 2.55 2.46:2.49 1.7
Young's Modulus(Gpa) 70-77 84-86 86-90 220
Pristine Strength (Mpa) | 34503790 4400 45904830 | 45005500
Failure Strain (%) 4.54.9 5 5.45.8 1.2~2.0
10
10
g
6
47 16
2
oz
E-glass R-glass S-glass Carbon
A Self weight Tip Deflection, (E-glass=1) A Material Cost, (E-glass=1)

) HANYANG UNIVERSITY Slide 8 & VATERALS




Strength of Carbon vs Glass, Infusion vfrepreg

U Strength by Infusion (90 C) Rrepreg90 C) <Prepreg120 C)
U Tensile strength afarbor2 x Glass diameter of glass : carbon fibers
U Compressive strength @farbors Glass Staum: rum =
A Glass composites is more cost effective than / o
structure under compression |

Carbon/Ep : Strength Glass/Ep: Strength

3000 3000'
|

1 £ ' /[ O
mintftusion (91 e)

2500 -

I
m Prepreg 90e C cur e)
2000+ " Prepre 120e € cure)
g 1500 - g 1500
1000 - 1000 -
500 500 -
0 - 0 -
Tensil eCdOmpr ess Tensi |l e€Coepress
Reference : The use pfepregto Improve Spar Caps in Infused Blades from HEXC
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DESIGN based on Simulation; start with understanding of RESIN and FIBERS.

ALoad-Deflection  AFatigue! Life
Static, Impact 4 \ -r» 00000
or Fatigue L.oads, s A o o —=t |
e T £l SN
FEM (Kd=F) ™= 3" =S
Structures / = : T

1
TmetF I Igt[m]

FROM understandf%ép&ﬁsﬁgr”\l and FIBERSN Curves
Cl MuliiScale!V

Stiﬁﬂéﬁ'—l—ﬂress

e il

Laminates \éég =

I l Predict the composite structural behavior
starting with RESIN and FIBER properties;
Fabrics .' m c.f. Convectional approach starts with Ply
A> Easytodevelopaesin
l A Minimize number of tests
Ply or tow _ _
, ¢ = Constituent Properties (Fiber, matrix & interface)
y. - . 4 S-Srelations SN curves
l stress U
Micmjscale Fiber, Matrix & lInterface m—) elastic+
J Y, ~ 0 e 35";2(;2
y: stiffness
E=E_(1-D)
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Innovative Design of Composites

U Unconventional NCF to increase the performance. U Simulation of Process to
maximize the performance

[ £9./-

0  Wind turbine blades
U Automotive
A Hybrid skins are more cost
effective (up to 5~10 % mass
reduction)

A TP composites for better for impact

A Hybridize materials to optimize the
performance

(a) Bend-twist

Pressure Side : Tension A
carbon composites [+25/ -25]
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High Speed Process (Compression and Resin injection)

A LFT (Long Fiber Thermoplastics) U _Compression(temp. and pressure control)

[ |

A SMC (Sheet molding compounds) 3 L
U _RESIN Injection

Contmuous Paste doctor blade
strand roving T . : L .
m Resin filler paste u RTM i Reaction Injection Molding

Plastic carrier film

Take-up roll E

mixing | s

J. A0 area ey
resin + i
5 glass strands b
\' L.‘ % - .‘ .‘1’ ".
== &

Chopped roving -
BMC (Bulk molding compounds) woven fabrics resin
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High Speed Process (Resin Transfer Molding)

Low RESIN viscosity to prevent Fiber wash  -out

—
RESIN ’,

PROCESS

A Epoxy (Momentive, DOW) - 1. Preform Manufacturing 5. Demolding and Final Processin A RTM _(regmar RTM,
1000 cps, 20~30 min A 2 3 & injectingat 10 to 20 bard 30
min. I to 60minutes)

A Compression (Gap or

A PA or PA6 (e.g., BASF)f 2 Lay-up and Draping

. Resi surface)-RTM (resin
cps, capro!actam monomer & “andcre in'ected)with mf)ld a
injected with a catalyst and . J gap
activators. 5 min , extremely S followed by compression )
low viscosity A high fiber 3. Mold Closure

A RIM (reactive injection

volume fraction . But high _
molding)

moisture absorption

A T-RTM (Thermoplastic

A Acrylic (Elium by Arkema) f
ylic ( y ) RTM)

Liquid thermoplastic, 100
cps at room temperature,
no heating is needed , no
moisture absorption . No
expensive equipment

A HP-RTM (High Pressure-
RTM) up to 150bar,around
1~3 minutesvery
expensive machine.

Courtesy of KrassMaffei
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Hybrid Process for short cycle time and high performance

Shorter cycle time

C Inject Resin or short fiber resin to Uidepregwith reinforcement insert
C Complicated composite structure with ribs

A unreinforced 3 High-volume process E

Injectlon Moldma ‘ +
M I Aligned continuous fiber
.

reinforcement

J

Short fiber reinforced

I\
!

Long fiber reinforced

w3y

UD-Tape/-profile
(unidirectional)

(09

j Compression

Molding

Laminate/woven
(orthotropic)

EEEEIY §

Thermoforming

=
Material Performance (strength)
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Use LFT (Long Fiber Thermoplastics) for Hybrid Process

Compression

< Resin Transfer .
C LFT has been widely used in

| CSRP automotive market fatheir

>

coptrel strength, stiffness, recyclability
“\ I / and long shelfife (e.g., PP)
savings ¢ —— LFr
~GMT))
_Plastics =

Low viscos resin C LFT, possible for both
CompressionandResin
Cost Injection Hybrid process

Mechanical Properties

A Direct LFT, followed by Injection Molding

A E-LFT: Compression of Endless fiber + LFT

(=) HANYANG UNIVERSITY Slide 15 @ varcraLs




