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A7l Fejoln] gta-HpAZolA 7]
EE9sto] AL Fof St Wk A9 AAH-
B3R}l sf= LFTE GMT 1M 49719
I Ad 2 8§ HEFHA(pultrusion) 71H
= AHESEAL Stk EAHIHY FAoA de A

442

TS Pultrusion

LFT GMT

Matrix Themoset Thermoplastic Thermoplastic
(UPE, epoxy) (PP, PA) (PP)

Degree of g g

Impregnation very goo 900 poor

Filling time fast fast medium

Cycle time long short medium

Tooling cost high low high

Surface finish

good

medium—good

poor

Post process

profie shaping
post curing

injection molding
extrusion

press molding

Material ) easy handling high impact
advantages high modulus property balance P
34 el #8159 25 (2008. ®)



€53 Sl putrusion WHE FHA oY coating impregnation), &ME AHESH=
detd R TAE 7ZsAe 28 Yyrz uF (sdvent impregnation), co-mingled yarn, &
29| d7laN 22 8¢ FAA TS wHo € Y (melt impregnation) 50| ARHEE L
2 7]&d dojzo] Qlof 9o Sl= AEd Atk olg T 7MY dE ARSEHI Sl A
ofgh & 4 Atk Wiad WERA /M ¥ BY Y PHT 4§ el A £
A dEl 9o prepreg tape, prepreg sheet 2 79 dAYo|FEA E(super EPYE 4
59 AR/IMoRE 8% 4 Utk LFT & 02 A8 3o 9on], S WeeA ¢4 o
Ae 9743 HERH ¥4 7w Fu Ayoly ZHAHEP)S 4R HE Fo
glom ggeavolt A4 BAW Foz 9 9tk 53 4% AW A AAH
7t FAE A FHLE o]Fo] A olgt & 4 gloyt 1EA £29 w2 54
o # 12 9HIFAA HEFHI LFT, =2 Q&) = Y SHAAM 7eH o
GMT 34< Hluste] HoFi Qlty, & 2¢ wol EAgtct
gEA A7t AR 2 A2FAY zelzga deje) Arkad F0A d 9
q-2 Aesttt A4 F3S super-EP(PEEK, PI, PEI, PPS
FH, ke £AE o8 A%MG T H)FY WEYAE BY FHYo 4FA A
229 Azel dolde AHES dAFsy  Eol ¢ BT £ AvE 5o AEH
FAAY G| LHEY A7t #A B4l A grom ayol A= 0ol W FAEO
o8 YJA ETE AHEste HH (powder AL Zk1 AFE FPol I FA o= )
H 2 ¥/AM R =EME MESH g
Contents LFT(Pultrusion) CPI TAFFEN GMT
L LNP-KAWASAKIUSA) CPIUSA) AZDEL(USA) AZDEL-GE(USA)
ICENSOT | | OECHST-CELANESE(USA) IDEMITZ(Japan)
CHISSO(Japan) BASF(Gemany)
Applied for car, construc | Applied for car,| Applied for car, Applied for car,
Status| oyersea | .. ) . .
tion, sports, leisure construction construction construction
5 y Commercialized by Not introduced | Introduced by LG Introduced by
OMESUCl SAMBARK LFT Hanwha
Injection, Com pression, Compression Compression Compression
2'nd Molding Compressed injection,
Extrusion(Com pounding)
Possible compicated Replaced steel | Cost Excellent impact
molding(rib structure) I-be am competitveness strength
Advantage Easily light—-wei ght Cost compare as GMT
Replaced steel I-beam competitiveness
Cost competitiveness
Needs for mold design Impo ssible Limited light-weight Limited light-weight
Weakness inde pendent Impossible =beam Impossible =beam
compounding | Stucture Structure
Weak cost position Weak cost position

5
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80| Y Aol FHE AFE T o Zezd 1 Wl AT I oA
RAE 0 o] o]FARY AFe F2 I He ouheh Zo] Aot H WEHAE 1%
v QtaeAE FHer Fstopion A, AFES F5te ARER A Sl
& FtaAdeAe S EA ekl a2  FA (e EY O) AxYye 24 &£
U Abe] Ehade] whet ofF ok a7t 2FEY, &8 AP S0l F= AEHL
S7PtdA HZoe wedRE 2T WHE ATk 22k AR7IH QoM 7]E A
Az HdARE Z9E 2a du. 53] Ze| =29 JF7IHT fARE HrE sk
Wl e d7tayd A d&47S o83 AE AAA b= Bl At o] Fx o] A
ez Axe Ae oo A i AYely Eetrgs =98 d7tad 53
pong ofof gt djul7t AT F3olrt, v ATz B BT o+ gle
W & $EHAEE Av QtRAeAE 74914 (toughness)& ¥ & len 4 F
olg3 dA&HR ZzYa Azrlse FI 28 24 Foks tiAle 7k Sl
A AFEH W27 TR Qo] 71E9 oI #X drtaA FRA 1% AHY Ve
HE d7tad SR 22402 g M A%, BES 59 Hp/H7Yo] dad 4t
AR7IME ARESHL Stk ¥ 12 ASHR A& WHo Afoks A&2d & e 9
zza Azx7lEY AsEE HoFa Sl FETh 7129 Hp/EARE AASE A T
o 2ol AR e ez e Al AR71E0] JEEA Zetgoy o 7]&9
of EARAT A 4771l Tt # Mz s Alg AlZks djE 95412 & of
Reinforcing fiber Thermoplastic matrix g’
[723
[72]
Glass Polyamide(nylon 6, 66) 3
Carbon Polyphenylensulfide(PPS) N
Aramid Polyetherimide(PEI) B
Steel Polyetheretherketone(PEEK)
Powder coating
Melt impregnation
Thermoplastic Prepreg
Long fiber . o .
type pellet UD-tape UD-profile 0/90° fabric
length 8-12mm continuous continuous continuous
width 2-5mm 5-300mm 5-50mm - 1000mm
thickness 2-5mm 0.15-1.0mm > 0.5mm > 0.3mm
2
Processing of prepregs to semiproducts and parts ‘@
*Pressing of profiles and plates o
-Weaving and braiding 2
*Winding, tape laying and fiber placement °
-Pultrusion N
J3 1. E7tadeR/AEd R a2y ASE
36
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Fiber creel Fluidized bed
racks powder coating
chamber

2 dFAME 7l dSHe ZH=
g9 Sgucke] ZUE 9 AAEE Bu
IR oven Puller L?/‘;tee_;lp

©

To weaving

s

@ To tapes
To pellets
Charged resin powder
2 2. Powder coating g819] JH2fx
Fiber creel Melt Take-up

racks Pre-heater

impregnation
chamber

Melted resin by extruder

To weaving

To tapes
To pellets

]
o
w
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oo
oot
O

Zl(melt impregnation) ¥l 2
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H 3. GIAN HaNR B2 7Y bl
Precursor product form pros cons

Commingled fibers

Tows of continuous fibers of
glass or carbon intermingled
with Continuous fibers of the

- suitable for filament

winding

- Incomplete impregnation
- High material cost
- Limited material

matrix in the form of thin
sheets

polymer combination
Prepregs Reinforcement fibers : accumulated - high cost
(conventional) impregnated with a polymer | €xperience rigid

Powder
impregnated tows

Fiber Impregna
ted thermoplas

Continuous tows of fibers
are impregnated with
thermoplastic powder giving
a flexible ribbon or sheet

- suitable for filament

winding

- Incomplete impregnation
- limited volume fraction

tic, FIT

Powder impregnated
continuous fibers encased in
a polymer sheath

- suitable for filament

winding

- Incomplete impregnation

KISTprepregs
(developmental)

Thin sheets of continuous
reinforcement fibers fully
impregnated with
thermoplastic resin

- Low material cost
- High speed

- Full impregnation
- High performance

None
(Develo pmentall)

T 4 88
87hst b4k

mide(nylon 6, nylon 6

A HIH S AR5t Qo A

pm

A= PP, ABS, Polya
,6), Polyester(PET,

s 4

PBT), PC/ABS 4] 5ol Zohifr2e 72

44, gadlg, obetEAg 5 23t 9
o ole] FAARE A AIA, FER,
P2 3 uWAbol, AN HAIAY, EE A
S2of, ot ARl 5o WAREe| 487}
% ALY Zeme 1o eaolt e E 3
o drkad F4 AN vlmE Roltt

$O SHHEE 2L £AZ GAL Y @
A5 A7) AL MEY Bl
Aaste] g de ASHT GE B A
§ BUL ol8% A Lol2 Has st A
olth, 1 4 0BT BEWL Agte] 2
e 99z 49RUS IAHT 442 B
AN ASES BolFm 9t

Y= AAUely Eetay £1E 43
ol A&E A% R FHA] 9
3 ¥ AFINE EAde 4483 178
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AR, & ARAEY BEE wol7] Hd
FANGORE Holgle AR 2WE g 2
A Ad $8(shear stress)¥} squeezing S5
< ol &3 FHATI= Aotk IY 4004 B
uket o] oget A 2] s Hi= 2
HA I TA] Holz IS WHEstL dE F
e o] Ao o ASgt o] o
Fo1d = Qv o7]A Rt of AAMsE
o Atolo +=HA L), H AFD), A AstA

@), 499 B H240), W A% 52 5

% gtk

oI 2o FHITA U AF AT %
AAZE $4, A4HE AEAES A1 o2
9y dolz A2 FHE WAL AL 5 Yo
v 19 59 (a9 2e WAOR dojdt A
B9 B9 1FTS YA AEAF0l b
ste) A2 FolE HF AZUel BF 6mm 4
¥ oH

H47h 2Astel i YEYA 722

9 59 (b= AEHFT ASTM
2 ¥ HE 34 HolFu Yt 1
L oot Zo| AE 4Y o= 3%
B4 HE YEYAL 2ARS ¢

a7 6. YANIAANS TalZy

(tape, woven)
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e Rkl ! 131331]1—4 i3t o9 ‘:}EE} O]
ol g EY e drtad Tz s 7t
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A7|= AoR ZHaic) dr7aAA ZezZg
oA H&IM5s 23 7FEHHS fiber pace

ment £+ tape placement, thermoforming,

2 5 4 9t} Tape placement=

71& QA4 AAY filament winding

I FARHY @2 AAAE dfAlske %
3]

A% 2
of £72el 7ol st AhaHeA G4 o

pultrusion &

40

@ L roller

~—ej—--__Preheater
e —71 Pressure

Prepre
squlyg Contaclt point
: heat source,,

12 7. Tape placement machine2| 7H2f=

A7F x23HTE 39 7oA tape placement
machine®] 7|HEE HoFi Qi

a9 7oA Hswpel Zo] WEd Fe YA
P4 3 S Ertad zezyga
tapeS Z=7F AzMpAlo g H=sHAEn Azt
d Ho] 29 &5& Y3 dY(heat source)Tt
OF2FE (pressure roller)ye F1L 9= Aol EA
o|tt,

Thermoforming B2 sheet B= A Z2¥ 9
[e]

_I

Zzg s vl 7tEe & 94 XY &
Fo] Fatn 7Y ARele PHez mr
AAAQ HHolgt & 5 Qlth 074 o&
EE 2Ed 349 7232 4357 A9A
L oo gud 2049 4% 2 Aolrt B
stAlgE AA APt e @Ed
Sl BTHARl Wolet & 4 Qlrh. E3F A%
24E Y3t 14 thermoforming 7|H = 7igt
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Release film Rubber stamp

\

J
|
—— or ——e » - or —
IR-heating Contactheating | Press Diaphragm forming
Hand transfer
(@
_Heater Female mould l;lpper blankholder
Z N —E Y BN ‘ TN ,.l ;!;:]
- | \*’ N1/ !» N2 =" =
\Rub.he,r_s_tamp "\_Lower blankholder
(b)

02 8, gitAN =2z 2xt MY (a) simple forming, (b) high speed forming
d&7bsttt, & EUMAA/AEAR Ty a9 22k A7 sl 3ad FAY AE
15 g§sto] 223Y E= 334YY profile A < AT = dom AAY, 758 SHolA
FS AT 4 At 29 o ey Ze 7E Qe zemaae] ws ungg

2o BEFH AFES HojZm gt Aes & 4 Uk

T ol WaREAASA G Tejx
4 S8y}
S AHEYSA/ASH G T s
A AT veh o] AW PR =
W ol slo] AAAYSAAG AT Aol B B
@ #3903 04 AR 2 244
g 719 werg ugos Aol sugciy
' N \ urh g S8Rt H5 A0 e
% ol W4 HEEY G 4S5
Bobg 7 2408 Relstect

53] d7taA B34 14 Ay s e
12 9. Thermoplastic prepreg pultrusion®| 2= 71‘]_%‘, E% %‘9‘] E—/,\—/E%]'Oﬂ ﬁ:":]'xi]_ 4}%134 Ho]'
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E 4 YIANARIHANS T2y 10 S8E0}

_ Polyolefin/ Polyolefin or EP/ Super EP/ Super EP/

Maternals short-GF long-GF continuous GF continous CF, Aramid

Battery trays, Electronic covers, under Body panels, engine covers
Automotive | fascia supports, protections, bumper component,

tool boxes heat ducts, seat back, noise

suppression shields, load floors

Valve housing, Heat exchangers, tank cover, Bearing, shafts and rolls

valve disks, pipe fittings, gear covers, electrical interconnect
Industrial chemical pump pressure vessels, support beams/compone nt

compone nt, and channels high temp sleeves

back pack frame

Arm rests Seat backs, interior doors Electronic covers
Aircraft & interior panels secondary structure, gear cover |Ballistic armor, helmets,
defense support structure Brackets, missile fins, wing

structure, jet engine mponent,
skin panels, primary structure

target Wood laminate Steel replacement Customer orientated

Replacement very high reliability
Hel AlRoFE A& £ 9o o Al Tt of, A& HA7|AHY, BEE ASEoF, o5 A
7129 Bp/Ezke AASE A Be A ARy Bop B9 SARES] A7l A4l sh5ate e
&o] AHEHA XFoy o V&9 fEE ol &,
Al Alg AZHE dE ©EAE # ofet 7]
AREAE Hojd AEFS AEYo=2HN 7|7 5. 4 &
Ablel "dhde] & E-go] EHeg ddH
20047 ofl= oF 208tee] ARAA AHFATL A7ty A Az Ve AR SAF<
oAb, 200597 AlA HAAIZY 45% AR Aol 71w gt FHcho] HAAV|E 2
1EE 5 71EAA SlofA dHEo] oy 58 A 71eS FHEt ArTolA s
L Qle}, ofof wet A 9 AURg AR oL 7lHst= AT 2RA MY AT
Ao FEALH, AT, dF7] FE, EA d7as A 2 AR J|dEHng, B A4
Y ARHA HHL BE ML ARAA A oA MEEe drtaAdeA ZEzZgas o
e AR 9 2T AR Sol 44 8% s 1EA EgNe A5H 4% §
A FRY SHAgA EAER e A A ALE 7R o] AFEE F A At
olgt d&H} 145 A LR EFA A FHAGH] anE & & opye AAY 1L
2 3R g2 Ad s 7%, ¥4 2y £AH0) AARE 2w 9k AYREA T
Hy7|E, ZoE Ax 7e 59 Ve SAE wAY SU A AYato] Tbsdl A
o 2ol WgAlo7]E 5& B AtYe] HE&sto Utk WEFY] Hap F EZRRoR QlojAkE o]
2R AR 71, AR, FF 95 AR o] AT DER} B 4871 %
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