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Industrial
6.8%
processes

Power stations
21.3%

Transportation fuels

14.0% Waste disposal

and treatment

3.4%

Land use and

Agricultural 12 5%
biomass burning

byproducts 10.0%
10.3% Residential, commercial,

Fossil fuel retrieval,
11.3% and other sources

processing, and distribution

20.6% 29.5% 40.0% 62.0%
1.1%
‘ 8.4% 4.8% 1.5%
/ 2.3%
19.2% LW 19 s 6.6% 59%
15.0% 206% “a.1% 26.0%
Carbon Dioxide Methane Nitrous Oxide
[72% of total) {18% of total) (9% of total)
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Maonocoguel CFRP) High cycle RTM (Takt
fime; 10min) Integral Melding {Mumber of

Foot, Hatch (Thermaplastic CFRP) parts: 3}

Polypropylene, Stamping molding (Takt
time; min)

Stearing wheel (Film decoration) Maldabili-
ty, Appearance, Paint-less

Energy absorption; 3 timas ! {
higher Crush box { GFRP) Seat | CFRP, Artificial suade with
3 B Ultra-microfiber) Light weight,
" Good appearance(Man-made
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Option mat (PLA)

(Collision tast)
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<E 2-1> AEAN FPad AHgng 244w
BMW1 Toyota Aygo Renault Clio
Zg2y HE 20% 15% 13%
Y TFTF 279%g 128kg 167kg
PP 33% 52% 48%
PA 14% 9% %
PUR 14% 13% 13%
ABS % 2% 2%
PE 6% 8% 8%
PVC 4% 3% 3%
PBT/PET 3% 1% 4%
PC 1% 3(PC/PBT) 1%
ofm " X 1% n.s n.s
PPE 1% n.s 2(PPE+PA)
A3 A 0% n.s 2%
71et 15% 8% 11%

AAYAR Fet2E AAE EA43 H LRk

[

AAYole Zahrge FA5A ADResinG FHH, BaA
&, W 5o AT WPl B Tehagow We
Zelrglo] Ay okdel 9 B4 3%, R4 5 AH B
B GAAA AFA REIY A RE, AVAA BE SollA
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O Aoy Zetg2 150TC o dollA Azt AHEE 5 Ae
of wel HE AAYAE Z=g(A50C Hwh 73 Ao

d ET2E50T o em EF7T 7 U+

O #He dxYoly Zg2~gLe PA, POM, PC, mPPO(modified

Polyphenylene Oxide) & 57HA &et2=Eo| F& o] &%.

il

3

EEat B

J{m

O A5kl ol A8¥E 38 Mg AXUol

3} Hgnole ged 2



B ASTI JI£E DA | 19
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- PC(Polycarbonate)= H-& °i1xl‘4°1% Zoh
de AYa e & 4
PA ZF daede] e WHFEH AX= T ©Ho] U

155

Ao Az, AsFEUE WY, Wy 5

=,

- H8 ZTh2E<l PP(Polypropylene) = i, el FlUE 5
I BEgEo] My, wiElgAlol s, FANE 5 WHARE o] &F.

- B3Ppp= #VOC(Volatile Organic Compounds) th3, #7}A¢] =
gy A A8 HE B o e FEE AN A
£How UMY AW & #ELYE =EE THANVE
PVC(Polyvinyl Chloride)E thAlstal 9lom, ZoEY, dF F=x
B& 5o AH8El= a7t PA, PBTE diAlIstY U=
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AA

&

ARAE

Instrument Panel System

Steering Wheel System

Seating and Load Floor System

Interior

Headliner System

Interior Trim Panels

Other Interior Components

The Plastics Body

Front End System

The Plastics Body

Rear End System

Door System

Hood & Front Fenders

Roof System

Other Body Panels & Trim

Window System

Air/Fuel Intake

Underhood

Radiator System

Other Underhood Components

Tank System

Wheel System

Brake System

Chassis

Suspension System

Windshield Wiper System

Other Electrical Components
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sal glow, @l EP(PP, PE ), ZZekPA, PP) 5o AR
2 AvecAle 95T 3.

<GE 31> RS QAU Y SEkaE A A
: a2l A
Base Resin 4| ComE,?_mdmg (Base Resin,
A A X
compounding)
SK, thekieh, &4, | AHiEP,
He | pp | ZEAAEEL AP ES, dish, | LYB, Solvay,
=g} Zovg, A ES, | GSZH 2, Britich Phenol
<E] LG3}s} N IR
ABS | AlY =z, LGs}st
A P(REFAL 50%),
LG DOW PC, LG3}st,
PC Al 2] A=, Aokl SABIC-IP, Bayer
A #3)st
LG3}s}, AFFAL LG3}8}, -
PET | sogold, DA, Apepal, | oo ot
A=A sogEasy | SMBICAR KEP
KEP(A| &4,
Celanese 50%
O 2T gl g '
POM | 0% Zaprgy | oS EEEE | yac g
LGz}t .
e Dupont, Ticona,
EP Asahi Kasei
s | AeEEZEA Dupont, BASF
le] o i3 9 9 )
PA6 | 228 RIE, LOS®Y | o 5roh "1Ga1sl | Rhoia, KEP
g5 | AETET2Y,
PAGS | @8Il LGB | 25 Ns | KEP
m-PPO SABIC-IP
PCAB | syepsy, 16 DOW
" | PC, AL 52, AL
PBIP | yema, LG}s}
° & LA 0 55}
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A4 =7 F8YA 5 AF

O 453 Ade 2we] 7je PEOR WEojAE fEze =
Ao ABAUsLE T0% ATt ABNNE AAY WF HF

A7) F4, 971, AR Tol 8% Addth
L AA |

O AAs oln F2kx8 A2t v EA8H, I FollA]
Daimler Chrysler®] MCC Smart ¥ GM Saturn ©]8l= EF 4%
AR =) A% AakRte] Ao thREo] RTMResin Transfer

Molding) . 2 A|x=Qon, ol8n 13 A¥X=7E BERHI

g

LA ZA7E AAARE, A5 z=A=NH T
E(GE E2t2E2) 59 HARJIEZEY HEoxE F
EeS S g M HEA AAHIE b S+

- GM9] Corvettex= 62kge] SMC¢ RIM-PURE A}g3ta Qlar,
AD&C(Automotive Design & Composite)= %=¢] Huatong Motors
o] & Ze}~¥ Paradign Sedang 13t 60,000t) Al Zsk=w Ao
A, At ASAFHOE S| A3t drtaA TR F2A

o

£ Alxsts Az e 7 Beke] ARgskar 9l
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O =3 9o AM8EE F8 $£X= RIM Z2A|2~9 & IXE
ZY9H PO AE AFEEE driaA FA €209 YU E
/PPE 5<.

ox
o (

19
O+

ox % r'E

- AEe] A= Jie SAE=] e A’ S 2
o] MelEn, JIAE PUE ZZE B &F A4 £5=2
A AzolARE, ARl B2 A= QUkaA Ao A4

Fol AEHL Ae. AEHIY

e

Ao HHEATL 3olAn
e A Aol Wal Egoln, AAHOZE AU,
- o] T lo F1ee FXFHQ ANTOAE A4S gow, Je

faoA Azel Z2A2 Addo] AAH.

- Omnium Automotive Exteriore] Al=U=4EE7]E A3 T~
g Ao g, 2gA e} v us)A pagcy

G 2EplelA = 7HsE Bayerd] A=Al e
] S/ABSY] BT Triax TP3161S Al&o] F1sle] e-=
A4 EgolHE A & do] dadeh= PPOPATAF-EF9
of 2u9] ZAAS Zta glom, "R 50% A#Hst 7Hsdh

[0 A&k S22 5 o3 A% D F T4 A Ade nag

5 S 3= WY o)A (bumper fascia)s E7H4
Zl PP/EPOM #Hat2=¢ o4, 1990dt 347}
ZAA9 #3o] MAEHEA TsEAHo=Z HF
137 TPORS =45 A% HERAV HdEe
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- Daynamit Nobele] A&3tal = HY @2 3| =eo|E FHo
A &3 L7mmytel “A-stA ¢
ZEEJE 25 AEE {3l Plastic Omnium, Hella % Behre]
ZR1EHIA HBPOI| sl 7Hd= 3=

- Hella®] glo]&] AJ2Hl, Behr9] Az W7zt7)« 2 Plastic Omnium

o A¥re TFo= SA4FH
- 9 2ES EBEAHT 80mm g.}J_ 30mm ¥r8-o0 2 lkgo| 73}t
AL o] BRELS FHAA 20100 HEaEHE= HfAlol &

Asga, PPAEES HAEUZ Ans W3l AMAA 935l
3)

O AAse mEs/t A5 WFAAe BAe ¥A Ago=
So|mE, ERojoldiel, FIE, AE Fo| Wy BFE Feh
sEoR Qe A7 Aol AR U

- BASFE Ul#H9] PVC 48271 thA& Elastoskin Z2]$-agt g}
2ETE AWsds, Cadilac CTSS] A2EFHE s} Fo

gjde] ARgEo] nEHS IAE FEAo] T2 271E& A|F3}

O Amdze] $25 v&e F004 90% ol4, HulolA 60-70%
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o
o

So] $A8 ulgo
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OO SKAWZ2 AEssAdFE T3l PET, PETG(Polyethylene
Terephthalate GlycoD), ©A&4dF+ HHAA T AR &2
2 AYGES st glow dE 3874 Hlo|xALeE
o=z HdHY3t "JH.E_Z_(Ith)ﬂ 2013 9¥FE &4koA PPS 100
g 93 Artelr] AFES. PPSE IWEd, Wsshd 55

AW AU Y Eehage dFos, AN AHBL

- 7]& PPS& AAHEAS dA7) ol &FH o B EAVF AYslal Al
Al go] Zol AA|AFo] "oA= ©He] A=, SKAvZE-S
ZpE3tE PPS Mol #R M-S B darp AR &ar A

Z H &S 9E3Ue
O Addeslet2 20083 73 AAYoA Z2k2E)l LCPAIZ
2ot LCPE 200-240C 9] %& A4 AHELES A
= J

& wok ofzt AL gobdsE o B 4

2

27
oo

- 2013 Zgbr] LCP wiEHlF2 0.8%(04D)E wn|gt <Fo]A]
9 SARE LCP8.9] 80%E AHAIstaL v A7 AA ROl A 4
AaFolgl= Hule] Captive Marketg Hf3k3l 1o &3 LCP
AR E Qg AdAl e e E TE.

0 ZFAY2EgE 20059 MACdA 3WAZ w2 Z4& Ad
se}A otebu] E(Para-aramid)Ad-fr FAHS A ZHHLS. 20109 E 2
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- olo] we} 20109 50019 F1=YW o= Hf vlEAe
2015 2,000 oo g FUld Ao E JHI U =
A sEE olglol §HARL, TA, Flx Fol olgH= A

F R AT TED BT,

- AAReEE RE g, FeEeay § 30 QAT AA A
o) 005 ARt Q= 1Y Aol uls 2L ARl B
E AARQ HBLRE ol AWk Az W] Jgol

o go] 10%01 402 FHHT L.

A=

- AFR, AN AA Y] AP AA Aol FepaE A
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[

]

& 2015997 A] AE T 5% o) o =& Aol ZIdEHI A+

Ao 2 AEAE ooy a4 ARe TF TGS A
Aol AehaA Aol AL L

- T ApEAkg STy A4 A2 8 Base Resin®] 739 T
2 di7|gdEe] AS Aulsta lem, HE 9 3 1A Y]
¥ ZgtaY T 8 FAE UREE Syl gEsa s

EI FUY ] F4A7]YES YiFEE Compounding ¢Ao]™, Base

Resine] A4 A= FAaGo B3

PP/TPO, 48%

ABS, 12%

PA, 143 7

A A, AkEgFA 20109
a8 4-1> T A ZekiE o)l8 By

o)

U A g2 24 Ax 36 Ave veA], g232y
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o] AhFHH Aulet FARRE 540 o] MAAR] A AE S
SRS SRE 5 Qe Rokl.
<E 41> FEY Y T
TEE G Base Resin A
Fo ug | E§ FPed 8§ EP
F8 PC/ABS
- PP/TPO ABS PC PBT POM | m-PPO
AEF7E PBT/PC
KEP,
LYB, Solvay, BASF,
} o SABIC-IP, Dupont
3¢ 719 Britich - SABIC .| SACICIP -
Bayer Asahi,
Phenol KEP .
Kasei
SK,
Do s
Hrei s LG3}at, oA,
a4, A s,
USRI DLE AR I X A3,
1} L= -
TS Learey | UE o g ol =g o,
= H| 5, 2FFA
) o %)
N EL AL 22 LG DOWPC
LG3}st
42714
HoiA s ) ¢ 9 ¢ @ @ Q)
427149
NSRS @ O D ¢ @ @ @
T oA Compounding A
T8 W& HE EetE HE EP
T8 PC/ABS
PP/TPO ABS PC PBT POM m-PPO
AFI7E PBT/PC
KEP,
LYB, Solvay,
_ " BASF, Dupont
319 71y Britich - - ) SACICIP -
SABIC KEP| Asahi,
Phenol .
Kasei
FHHEP, LGge, | LGgE, | ZLo%F Ad =2,
S0 A9 | AeER | - |AYRa | e, | S| - SR
that, Adt | Fes | LGsist LGs}s}
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Hood Compartment Cap

Side Panel
Audi R8 Spyder

ReREBan) 34.500 kg/i BAHES

Lamborghini Gallardo Spyder

Medaillon

Amount of cirp

Bugatti Veyron 6.200 kg/\d BB AER

60 kg/d EtAER
[ZA : 2010 jec aUTOMOTIVE fORUM, tOYOTA 3EALE]
a9 5-1> &5 2850

O &4 A8 FolAY 7=l #8850 GFRP

=

¢ ofeKE>9} gom, CFRPE AHg3ls 7

nE < gaHoz
dFolE thu] oF 30%, 2="ohn] o 50% FEe] AFEFHI} Bu
=i de
<G 51> B ARl va
It Thermoplastic Thermoset fiver-reinforced
em
fiver-reinforced composites composites
- Semipermanently storage , L
: . - Heat and light blocking is
Material possible. )
, o necessary in the case
storage - Heat and light blocking is
of preprag.
unnecessary.
Molding - Molding cycle time is - Molding cycle time is long
productivity short because curing because curing time is
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time is not required. required.
- High molding temperature | - Molding is easy because
and poor  drapability. molding temperature
- Molding is difficult. is low

- Excellent impact and

- Excellent static

Mechanical ) characteristics
fatigue . . .
property ) including high temperature
resistance.
and strength
Regeneration Possible Impossible
<H 52> SRS Behad s HE
Maket Model Materials(Process) Parts
Trunk, radiator
support, bumber,
E-glass/polyester beam, roof, frame,
GM Cadllac etc Solstice etc E-glass/vinyl ester door frame, engine

(SMC) valve cover, timing
chain cover, oil pan
etc.
E-glass/polyurethane
Ford etc Various trucks glass/pobu Cargo box
(SRIM)
GM Cheverolet Corvette E-glass/epoxy Leaf spring
BMW M6 CFlepoxy(RTM) Roof panel
Gear box, rear
Bar 1 Formula 1 CFlepoxy .
suspension
Do Vi E-glass/thermoset Bod )
odge iper ody panels
. P resinRTM) vP
) E-glass/PP+core
Hyundai QarmaQ(concept) . Hood
sandwich
GM Chevrolet Vorvette ZR1 CF/epoxy(autoclave) | Hood, fender, roof

Examples of CFRP introduced cars
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Mercedes Benz SLR

BMW M3(2007 Toyota 1/X(2007 ZR1
McLaren(2004) (2007 3 X007

(2008)

- EW, Badf BYARE A AA 8 A4F RFo 48
B9 A% AAlelA ok 100kg olake] AFE} Ve

<3t 5-3> Comparison of the properties of CFRP, FRP, aluminum, and steel

Property Unit CFRP FRP Al steel
Specific gravity - <2 <2 2.7 7.8
Tensile strength MPa 2,550 90 190 450
Tensile modulus GPa 135 10 70 200

Flexural

MPa 1670 196 - -
strength

[Z* : Toray T700S datal
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(Roof: -10kg) (Trunk Lid: -5ke)

(Impact Beam: -3kg)

{Hood: -12kg)

{IH 5-2> Asat ZdgsollA s

O As27F 7129 Axdzlea HEV 2 EVE dj3jthd S A ZE
StAA, 2= A=yt o 938 A S Tesla Motorsy]
Roadster, Myers Motors®] Duo, Aptera Motors, Fisker Automotive
¢] Karma Sunset, Bright Automotive®] IDEA 5 W= t)E3t=
EV AEAddA o= 24 5 5 gt el el CFRP=

A g3y Ause A=ai 9.
O e, A5l Qold gailf BgAzel 48 A5 23
Ao] AHHoE AgHE o] Aolw BAHoz Ngs ©

Alell= 0171 A 2 AJE<.

- FHIAANE= BEXH, 2% VW 2 OPEL 5 tidlo] AALAY FH=
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ZoJdte] 20009 FE  2004@71A] oF  520hEe] H|ROo=E
TECABS(Technologies For Carbon Fivre Reinforced Modular
Automotive Body Structures) A S =3ishHl Q3 vz A=
ACC Zg8o] Z7} ZTEAER Ho gl

- TECABS #A| 7 HE=A+= 7|ExF 9] A=Fs}t 50%, F3F
0% 2tzF T18jan s AP Jpdelglen, #Ae Fo e
°2= O 3& A7t AP Z2A|2, 1H|LEE/3E pre-form
2 g3 7E, @ AA/5E As 2 AARE dF AlEdelA,
B As 8FFALE WE3HA Ad s B AHAl AAY.

- JEAME H7} ZZAEZA] NEDOO| 2J3] ALSTECC == 13
(Automobile Lightweight Structural Elements of CFRP Composite,
ATt WA AWs 22O/ A A EE gadadE 5
AR AT Aol 2003 HE 20070 AA AHE ul 9l

h

o
v .

O Azl n3, Q8 453 AN S8 TS ZhA)
7] l5te] BAHRE AT BT REY AES 37 Fo

E =49, vl=r9 FordollA= 100% &4/ BEAE AZAE
A zsted SAEC(The Annual Society of Automotive Engineers
Convention)ol] AA|SFH L o] =o] Av|= 722 2| Ford TDY
7.2km/Lol A 9.7km/LZ 3.
- Toyota: XA Aol ©adf7st FekaEe Agse 5 2
o °

F =S Eor AR HAMET} 1XE
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olREslel Prius'eh FEEF ANETAE AUNA AFFFE
120kg o2 Priuse] oF 132 FANZAL. BaEF BAARE A
83le] AL JPEA FoEA A uly)HE £ AYE
A1) AP, BF golofo] A§ ol FesAl Hol AF F

e UFOR AT & il HUL.

<Z1¥ 5-3> CFRP-applied Toyata concept car(1/X)

O A0 Agas 754 £4 24 olsle] AR Ni@ 4
glomz 3% Ao e sl An AL AFHE TollE
AFAe] A FOE AL FUF AR JUE. B2t
BPAEE O0EE A% $UAL FhE R AR &
Aole, el A% AP TR Aol Wi Ag HlEe

O skA% g2/ EdAse] Axzrled oA e e
]

=
=
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A+

[ AlEAN A A2 = e 7733t
30%# S7FstaL oldl wzh ZP A+ 7
7kl & wiEo] 3000 2ol 23

A =L7F 2030 3@ 7FA] A
= vlE5E 30~70%7FA

[ =3, &aids AA AR s 1990 L2 Edolol ostd
B g AA Fas 20119 3% 7AECA 20200 UTHESR
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