!

<R &>

XSAE d7zsl Sz

ot

[

) B

AEaks $2le dAAEA AdodA glolM=
otd F4Fow AU BE FFHS 49 A
Fx7) AAH A6 H 3 e #H 2 2R AR Y
g ohekgt ABlate] g ol wet A 2E &b
A £AEC] Bol /MEEn sled, I F 8
Ut Zelag 9 A/ BEselt A
A 2qEA FehaE 2 AR ERAEE
AHEEHH RAI7E gaste duyx] BE&E =Y
T dor wE7tae] hol 23t SPHS &
Hol A x 1 Fgo] m-g Art. EF o 7
HEES dAgsld Ag ¢ 23 v &S Y
o2 AHeAte] 7HAE ¥E g g B ol
2t "o} g Aol add AFAE AT 5 9
tH1l.

U] AEA GAle F2 WA 2 "o
Etag &g ALsta e Aoy nlg
9] Aol WA ¥t ol e}t Figure 13+ 2
o] hood, door, deck-lid, roof 59 24| 2o
ZRH seat back, bumper beam, leaf spring,
shaft 5 7% %&o ol27174x #7238 &
FA8E HI3Hoz #&3tn Ut ouA
deoF gl AR Zete FHAA I AAFA
JAANE AFAAEFANE =] F7I
glet dAHDE J778 SERASE AHES
AbEA BEE S5 A Ao s E &
okF dhtetn A B FolAM e vl= A%
Ak JAE FALE AFAE AR B8
59 57, B4 € §4, 712 WY, 38 AH,
ANgd d FF MY Fol st AW E 2L
gt

g o

2. AIEAE MTds KM R

A A2 e A HE 9 2pEAke] B
AE €017l 9 HR72s EPAsE AT
BE2S Ndsta g2 EftAls A9 A
<& AEAE ARiel dolA] AMAAEQ] FAolth
T BERAEE AAACR FF vl F
Ae 7$EA = F stiffnesse © 5718
Ttk AfAs EfAse 2 99 588
71 o, F3E R Yol shesty,
Aol 52 gon, o3 =7 ¢ Fu|7} F
1, class-A9] FHE 7HA, B} it 44
o2 yiko] Jpsdtm tARIE fdsHA & F
ATH 1l

2.1. Sheet Molding Compound(SMC)
252 A He $4% ®W, heat sag
resistance, 2 EHWAA S, A FA4, F
A7r= 2 %7 stiffness’} 875 +=dH SMCe
olfl ZZd & FFETH1]. SMC= 23 HY o
$53 class-A ¥9H 2 7129 E-coat bake 2%
M= & Adr}, SMCE AHE-31H 7ZHE ) v)8)
FAE 20~-30% B = 2Y + Jom(3] 9 =
JE glo] & 79 AlFoz d¥o| 7Hssith4l.
Audi, BMW, Mercedes, Peugeot, Volkswagen
7 e B2 #9 AsA dolAE] SMC ¥
B Ag3ta 9ok 2As SMCe A A s w
gholzgt O g 12 REo 2 8§59 Ut o
ZEch SMC 52 30% 3= F2dRE =
33t steel stamping AFEY 7P 47
o] EolU vl1ul4 die casting Bt} 714 o] A ¥
31 £5S T AGAIIY 7R FA A E

Fiber Reinforced Composite Materials for Automobile / Byung Hyun Ahn
HEA2L FEdetn AeFetat AYFAL (608-080) FAHBHA| FT §FF 4H100, Tel: 051)620-1643,

Fax: 051)624-0746, e-mail: bhahn@pine.pknu.ac.kr
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Ruar quanes pansl—polyuraa RIM, M,

Figure 1. Major automobile exterior components that may be replaced by polymers or polymer matrix

composite.

Boh WdAol Fot ¢FuE X ¥E Az
SMCZ W7} 7FHegtd], Azl 48] 3, ¥
FE BH3t=EA M3 Ea, AedE Aol
438t sealinge] &FETH5] &FrE ol
pan= SMCE tA|=A 714 9 F%o] 30% ¥
T Fzislele} o A6l

2.2. 472 W12 FX(R-TP)

AEAF Aol A Tk R-TP7) @A) AHE-S)
3 IAY ge el Abgo] o Fgt). Freight
linere $% Egle] Feo fald& 23 29
2 2& AL 3Tl o] R-TPE class-A
BEHE 7IAH, o] AE Fe& Hls3t SMC
A Zol w3 ¢k 15% A= FAZ 790, =
T ¥ 4% 7ML 17l

AR Ydes Az #¥dE o8 7HA
FEoz gaelgm vl 974l timing
chain tensioner, bearing cage, transmission
FE, AA, ¥e Ay Fo] o6l fld K
23 ydgoee e &5 744 98 AYe
G2 F A F vE 25% F = 7HH o] A@S}
tH5]. Air-intake manifold= &l4/723}
Uyd ez AzEe 50% 3= FA7F 13143
1, vhEo] Hof AJFol A=Y du] Hjgo] H
#A5ol AAAo|tH5]. AW L FH bumper
backup bare 40% #2723 Eelz=gA

© 2 A Z% o] Fordet GM2] $&31d] =R
o EgAds dHye 2o gedin oaRIgE
2HEsHH Rars BEEo] £o]ETH4,8]

2.3. M= DR KT Z

148% EA BB (advanced polymer
composite, APC)= A %Fo] 8F7HE AEA
FEo H&o] 7teetelet dddn. 7HeAdol
NE A2 A4 EolZ A& transmission, uni-
versal joint 2 7]} A2 BE Fo] gic}H9l &
GAR drive shafte ZAZF PE3 chersh
A 4 dey 7kgsiriz viwd Lok
GMe 8444743t A8 E A8t EF
o] 733 2-piece & 1-piece® A5 TH10].
Axle?} transmission housing™ APCE thAj &
F edz dddt. 4 274oz AR G
d AZ(18.6 kg)E UAE EFAF leaf
spring(3.6 kg)2 2 A 4 sl=d filament
wound leaf spring ¥ A== AFat ¢
W)l ALEE 51 Qi) EfAE Hyelq =HLE
71&9] =gl vla) 30% A= sl FIEHA
o cracking ¥ heat crackingoll gk 234
T 7 AT fEld /0 EA B e
wheel & slutefle] Apgo] mEFoln EZY I
2¥ 274 da/G4 BIAE HeolAvt A
ko) ot
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3. M7 SRS MY ZY

3.1. Liquid Composite Molding(L.CM)

Liquid composite molding(LCM)-& t}}3t 2}
2t &2 A de] o] 853 9=t snap-
cure SRIM 2] Al A"], = RTM A28 2
AEE 71ee] g od AEA Al
LCMel ZAAge]l ¥ Frketa Urh Resin
transfer molding(RTM) X+ structural reac-
tive injection molding(SRIM)°] LCMol| 4-3tc}.

RTM2 Figure 29} Zo] B7% preformE &
g o 93 ¥ AN F #X8 53
el F3ta, FUd FA7E FEAA FARE
Az AAH AP o 2N AEo] Aol He
Fyelth. SRIMS RTMA H&d FHolA|wt
A8 35} whgo] v Wepx FEHY NeH
B9 zZ717F gkl (Figure 3). SRIMe
e FA7 28 Jol Y8 we f At
F2 U gsdch. $£27} preform& o2 3
T30} Ao wkgo] B R SRIMoA =
A 7F B} ol wre] FHolok st 53 e
715 AEIA &= Bt A @
A3 g3E F A3t dojvtof gt

UubAQl RTM FAl& 293 ozA e ¢t
HollA oF 100:12 &=} 2 preformo] ¢4
8] &A= A= oF 100~1000 cp =

l Mixing head

I

: 2 2 : Vent
Preform placed
in a mold prior

N to injection
Clamping press

Figure 2. A RTM process.

Yho1EH e

kil

AEE FRABIEE We&Er) wgjof gl
SRIM A& wl-¢ vhgAo] 7] W&o F¢
Aol &ME EFHESF high pressure im-
pingement mixinge] & 8.3}t}. RTM 4419 7
+ oF 202 FA =2 Z3tAITte] dEE 3 glow,
W2 SRIM X9 Afole & 388 AME-
3tz BAAe =g VKA F UEF v
452 A AAZ AFT MEE 3 Qi o]d
Aol wield RTM# SRIMe] S8% 48 34
T Ed3tele odgdrh

Pick-up truck box, bumper beam, auto in-
strument panel retainers, floor panel 53 2
2 AR 72 £F 82 5 U AR
2 QA7) 98 LCM 332 Z2do g8 #
A& Tx 9ok LCM 382 ¥ 25, 22 ¢
HoA Y3l BZ Fu] 7HH0] Polx] 1, w
g 2FAYAE w-¢ FAHoth. BAAE
8% Xofl FEA $& 5 don B 2
FEX ol H¥o] 71ed dY FELE F
T & 7] Wi Bl AREF A= A
A= Uk

3.2. LCM2 Preform HIX J|&
LCM 0] t$ o] &857] 93l a2

Component A Component B

Metering cylinder

Mixing head
1 {

Static mixer

Vent

Preform placed in a mold
Figure 3. A SRIM process.
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glojot & 3712 A= H7F preforme 7 A
Hog Aidste Aotk Hzd 344 pre-
form& THE7] #¥3lq thermoformable con-
tinuos strand mat ¥ multi-end roving®} ¥ 7}
2l o) Fdh7t FEE T UvH12). o9
2 gejo WA preforme] 7+ Fol &)
g Bo] Be B3 R E BvAANE F1E &
Atk o] F 71Ae] B 71E ¥ el (mat, rov-
ing)= directed fiber spray-up 3% 2 ther-
moformed mats®] stampingll 28] LCM pre-
from© 2 7} ¥t} Directed fiber spray-up &
A& AYstnza FEE 54 FHQ pre-
formed 84 23 FEdFo vikikE &
Abshe Aol Y fedfe 23UE 5
3 FYHe 2700 23ty nydt. Bt
sl FA ol29H binder? 7ZA3tol o3|
preforme] FAAATH121(Figure 4).
Thermoformed mat processt matZ 7}23}
= 28 EnHE & 9 EE preformo 2
Ay ste A7 dostci13]. dutd oz oy
o] EE dAF A7 Add F S0 1F
AAA Y@t A8/t FFE frames LB
of ¥y 713 3 Al 4y 7|2 &
A8 7171914 mat’} preforme 2 A=A &

o

AAZ § 2 ettt 43d 232 /A
1 st drtasd 2 @43t aA vl
7} AR = @t

Ol

3.3. SMC2} BMC2| &M%

SMC¢} BMC(bulk molding compound)< &
gejo] YAy Zy2E AR AT
E AYE Sl 28 o FYs= 989
Fel = thac), o] 7]&oA] Wol AMeEE €48

el A8 A(ZEdaHE, vl
2, JEs5A, AFA]D) 2 clay, alumina £
calcium carbonates} Z2& FA Ao}, AY AU
SMC2] A& dWtH o2 75 mm ©]3ke] Aol

Ze AR 30~50%, TR 25% 2 AT
AR, AxzAA|, low-profile agento]t}. A
FAE FEoe Eejd2HZ ¢ v ddAEHE
7t F2 AR, AEA #2194 HEeEFA e
underhood &£ B} HEsicH14].

SMCH Alze WA FedfHE A FA-
Zo-ZFAA2] EFE A G| EFejd
A &S . A EFET FdE /A
w9 A=A E 4F § AlolE STt &
A8 EFEL. o] TFEL A AslE F B
g2 Dok Figure 5). AF AToz AH¥L

I ot AT rlo

o il

Roving Roving cutter

Binder spray

Air sxhaust

Turntable

Exhaust fan

Preform screen

Figure 4. A directed-fiber spray-up process for preform fabrication.
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Possible continuous strand
roving for strengthening

O

Rovings Chopper

\
Resinffifler paste Y
o .25k

Srnkter,

Resin/filler paste

PE film rofl

PE film roll

Compaction rollers
Take-up roll

Figure 5. A SMC process.

o SMCE E2%H Adsn Ziddd 2§
ol AIAE F U2AY Ty 2dA ARE) A
Y 2= e A F/HS FAA g
wet F7HE Aozl dedl dwkdez o
160°C$} 35 MPa & =o|t}.

BMCx SMC$} vl =3 248 7HA A%t #¢]
Aol oko] ozt Aq AHfol Zolx < H
. BMCAl& F2 6~12 mm Z°|& Z&= #
gAHF 15~20%< Zd2sHE2 $£X]71 AL
"t BMCe ddd df 471 87 &
ANA & A o AE5HQ log FHE ¢EE
. 4 loge A9 dolz dud F &4
&, A1 &A¥ 2 transfer molding®l] &3t 7}
TEY. BMCO 1% A5, @A E 2 37 oy
A1 SMCH Hl&) Y2 oA AHEEH = AR
2ozt #m A FEol 27| o Folth(Table
).

p—t

4. 845 ¥ X

AEAst 22 AFol F YdHE Al
A EgAse 3% F ARE ddstdo & 7
+ BdAse] AASES $83 o] Hrl
e Fxed FEHE A Tl £
o2 zEojof st 7= FF fAl2 A
e AE el HFE AdolA Bstdxol
TH151.

Chizd e

Table 1. Mechanical properties of typical SMC
and BMC

SMC SMC BMC with 10

Property ‘R25 -R25 to 25% E-glass

Specific gravity 1.83 182 18 to 2.0

Tensile strength, MPa 82.4 227 27 to 54

Tensile modulus, GPa 13.2 14.8 3.4 to 10.3

Posson's ratio 025 0.26 -

Strain at failure, % 1.34 1.63

Flexual strength, MPa 220 403 69 to 172

Flexual modulus, GPa - 149 55 to 83

Coefficient of thermal - - 14.4 to 27
expansion, 10°%/°C

4.1. SMC2} BMCS| = &N

SMCE dutd oz gEyo] gl <17 Hy
B2 o) ¢ FAH<2%). A/ Fol FolH
o wt A FFAEE ul$ FURI) v
H 2T EL Otk 9 B4 dert
Ao 2 SMCY Z2I7=e AFAERY &
ot 28y JAZEAEY SJEYEL H3
th R € SFAT e AR Zol7t S
met 71, 3-8 SMCAlME dH Aot
12 mmo A 50 mm A =Q0d] o] He] oA g
gL A ZAoldl met ¥ Feth A7
Zol7} ¥ 53] B 3= 28 4
o] ¥ gti16].

AR F/Fe 2= @4 EY o] A7 &
Ao] AA A&t FEo wl¢ & JgE A
tt. #X9] F/FT 9% A 94 vy
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2 3xe Atk £A9 FHAY T/ 2 =
£ toughnessoll AA P& nHth o]t <l
AHgo] Fo] QA dAEojolrt SMC E{als
7} frEl w73 97124 4A 2 SRIM F8%
dez 238E 71 4 ok

YWtAH 0 2 tension-compression cyclic load-
ingollA] SMCe] S-N diagram< 3 2FA & U
ERR] =tH Figure 6). $3 0] 744314 93
o ol AlelE9 34 FrRRIth. SMCe
27}z AR T3] S m2t F7
gci17]. SMCe] H2 &4 slE- ~ crack-
ing¥®} A4 f--vl =8 ~ interfacial debonding®} ¥
#x)o] gl WjEZ A crackinge FAko] A
&L A9 Yol A/ £ FEA F
dojdr}. AK7t 85 Wkl sl 4x=E 7HA
A mEEE g2 &4)o] interfacial de-
bonding®] ¥FE|Z dojdtt. SMCA ZHHE
A2 &4 37 AFD=Y AFE oA

oH17].

4.2. 14s KEN=E

BA4 7703 o EA BAEe A 92
o i3 Aol Folx 5T L WAl
gz ALgE 1 Aed ©2 HAH2) 7HFe) Fol
Al ZFEAL A& olA] Bel A LA Bt 9l
t}. Forde ©24H#E AM83ld prototype
LTD sedane A2 & A2 AZd 584
o} A4 v waRTH18,19]. ©] @FolA 7 B

25 °C (77 °F)

5 max, MPa
8
T

20 93 °C (200 °F)

0 1 A 1 1 ] . 1
104 100 10 102 102 104 105 106 107
Ny, cycles to failure

Figure 6. Typical S-N curve for a SMC automotive
part.

W A 7ol digt A= Table 294 2t o]
AT AHAe AT A 48 Aol B
A& Asate 28 At ded 545 7t
ASE 4 F AU

AFae] 2 BEF Az ERARE ALS
she WEe ¥ 7ix 2 U 4 ddi1s5]. Ad
e 7t FEL 11 dAEe Aoz, FHAE
2 A Z BEE A BEES @ N9 5§
Ag HFFoE B9 diFste Helth
Drive shaft, leaf spring $°] 1:1 A9} 3¢
of 3HEch ey iR B FAA slolA
F45E BEEARE 111 A AL AAA
Ql HollA F& Wo] o1 o8 BFEFES
A3t =Y ¥ &-& W5 o] f felsit
[15].

High speed resin transfer molding(HSRTM)
£ o) 831H B AUNEEE IS F U B
A FAE AE  Jor FES IERE J
A3l & 5 ok AA S YoM BEH 7 F
9] 7% 300709) F-Fo] Yag ukA SMCe A
$ol= 10~207H, HSRTM9] 7 -%ll& 2~1074
A2 HFo 8 Y & Uk

4.3. 2% XH Ijg
9% A Ade thew 2e 54 Aok
i 20-23).
- BEYE EW P S5% 28 WY
B BRI
« ST HEEA
Table 2. Major weight savings in carbon fiber-rein-

forced polymer (CFRP) vehicle compared with a
steel vehicle

Component  Steel(kg) CFRP(kg) Reduction(kg)
Body-in-white  192.3 72.7 115
Front end 43.2 13.6 29.5
Frame 128.6 93.6 35
Wheels(5) 41.7 22.3 194
Hood 22.3 7.8 14.7
Decklid 195 6.5 13.1
Doors(4) 64.1 25.2 38.9
Bumpers(2) 55.9 20 359
Driveshaft 9.6 6.8 2.8
Total vehicle 1705 1138 566
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o 71E Y TANA e H 84

o ZH]8 Aolr 9] 7|2 ZHE 3] 71E HAY
et 2L 8FAR] REE7] 9k

Chrysler= 5712 dejo] |8 A4 dfd & 2

Zatn sk AWUA Jele Feldfds 28

dzel2 driaA Aot EdaHE2E

2 §3E 7IXI22 E-coating® 2 x4
HE L bakedts =< 205°ColA AE 4 3
o FA e ZEe ou Bxo EYAASFE 7}
At FAdFE A5 52 SAF2 A
F 3 IS P REEL AIEA
ol o3t 7tFEE = AHE FHolBE v
Aol A BE&Ho|th AFEAHF A 9dte 7tEE
= e A /728 Ze28 T afAvA =2 o] A
9 #91 A %52 gate YA, FEldH
ol gk 27, 98 2A 59 9FL vt
=5 delE polyurea RIM elastomer sys-

tem S ZA o - WLE Alo| E2 A4 F T
o] Alx"lolME oyt Boshr] o §&
7}F window & 7HA 1 B0 $43h A4
o] £t}. Polyurea RIM toughness7} }-% %
Fat1[22] o5 AHA sid2 AMSA] WEA ]
FolA E-coat bake 2=ox Z& A4 F Ut
[21].

o)y uhe] fender® AR = A7t Eald
2H 2 ¥ polyurea RIM9] 71413, 814 42
2 Table 37} Zt}. Bayflex 110~802 & &g
dzelg drtagdeAeld e F Aage &4
Z+ vt F79 polyurea RIMe|t}. Polyurea
RIMZ Z2d2H2Rt & AF2=E 4 =
TR E, ¥ QAT e FEUSE
(B2 21=

¥ 3

AR73s BRAEe] ded B tlolEe
ArA Q] Al wi-¢ F.8.3lch. Metal Alter-
native Design(MAD)[23]2} £8l& MZ& T
Q9] Ade] AFA Aol = o 7
de @3] He galE diAse A olde
2 3% BES Ry o dAsusl de &
A Zel MEHAY. A EdAEe A
e 1 540] wl¢ T2 o] &9 Aol
MADe) 93l Q45| MADE &4 oAl o
s 98 A3, 38 AR 2 BF OalE
et AAFH o2 HFIrh

4.4. Bumper Beam

AdWtAQ HH e e e Eezed
] soft fascia B F24F foam, 12| 1 7FE
2 wHEo|X bumper beaml.2 FAH ] Ut
Bumper beam®] ¥} wj&ol| bumper beam®
e v AALE, 4HAs, SFH4E 2
FAZEE 1Ak 3}, AHE aEAE diA
g o F8 AHE T doltt. Mazda AHE
atoll 229 bumper beam® AAE random
glass-fiber reinforced hybrid resin composite®]
o}, Hybrid A€ £¥ 312 2H 2 el &7
polyisocyanate2 ©]Fo|x Slth. o] M2 &
Jaa-d2HE = 71E&9] EX5E
2H2H0 g8 23 A3 Al2"g %o
[24]. o]} Z& H-SMC(high-strength sheet
molding compound)= 71&9 4&A4¥7=2 7}
59 compoundingZol Falid o FAH &
I3ELd2H 2 &2 &7 polyisocyanateA}o]
oA gk Fguk-go] dojdt}. H-SMCE #
F8t1 pressdtZlol B33 =g 7zt H-

Table 3. Mechanical properties of a representative mini-van fender

Property Guidelines  Bayflex 110-80  Dow Spectrum  du Pont Bixloy

Specific gravity --- 1.18 1.25 1.40
Flexual modulus, GPa 1.72 1.38 1.93 2.61
Elongation, % 20 20 35 15
Tensile strength, MPa 27.6 27.6 31.0 30.3
Heat sag, 1 h at 190°C, mm --- complete 12.7 12.7
Notched Izod strength, J 0.45 0.22 0.32 0.28
Coefficient of thermal 11.1 16.7 13.9 14.4

expansion 10%/°C

IR71%3 29



AEAE A/3E FRAs

SMCE 7}E &3 ¥std siod 2353 9o
sld A 3lElo] 2 2% 9 toughnessE Zet).

Table 49} Table 5= F ¥4 hybrid A&
AH4-g H-SMC9 pendulum $A7Z2 =AY 4

71

Hybrid % B& ARTH 5 v9} %2 crack in-
itiation energy & 7H3th. 2] B7} ART 23
25 9 g4 Eo] Yol= bumper beamol= ©
£ A3ttt ¥R bumper beam& AR &

Flolt}, Table 62 H-SMC A8 E<] 828 & ) crack initiation energye n&jdilof & F
44€& 2o F). Bumper beam$ 2Ae) FHo| 83 Q1x}F Fvto|tl. Bumper beam +& &
3 wkg BEAHL aAle 54 ®ek ollel 3 crack initiation energyol] d#E F <

bumper®] FFHNT AL A& 9 hy-
brid &% A& type II bumper beam £o|A&

Aol

2ANYS FHIX EARAT type [ Mool 4.5, WX BE
N EBedth oL Adle] thad AR el F4 $ES 1A HYMES A
o) SHE BeA7] HEolt). oA HE BT & F2IL g Woln), B3e Yelel o

3}3 hybrid %] As} B 25 E¥§Zedx
B2 % Hjdo 28 2} $-5a

H-SMC A FM = 2 A] crack initiation
energy(E)7} ¥& hybrid FA%o] bumper
beamel] A §3lc}. Table 72 E 7HA] 73 3HA| 28]
9] crack initiation energy& Y| w3 Aijo|t}

2 71A] A7 7EE B WA destsld JA
3 BEfAE FECR AYsd v 2 =9
AA4E F9 v &2 A7 4 AUrh. Transmis-
sion torque converter, B&|o] 2 3 A&, commu-
tator, pulley 52 9% ¥ &2 2 2% ¢ &
FolA 7=, A4 A, sy, sl 2o digt

Table 4. Pendulum impact response of type-I bumper beam

Property Hybrid resin A Hybrid resin B Unsaturated polyester Vinyl ester
Pendulum weight, kg 1066 1306 1066 1066
Caused load, kg 3336 4273 - ---
Dynamic deflection, mm 115 15.2 --- 12.0
Appearance pass pass cracked at first stroke hair crack

Table 5. Pendulum impact response of type-II bumper beam

Impact Hybrid resin A Hybrid resin B Unsaturated polyester Vinyl ester
velocity, mph  Load  Deflection  Load  Deflection Load  Deflection Load  Deflection

31 4.78 23 3.63 22 4.10 24 4.65 29

4.0 6.28 30 5.12 30 4.05(fail)  72(fail) 5.05 31

5.1 5.61(fail) 46(fail)  6.61 37 --- =" 6.88 37

5.3 -- - 6.88 38 --- --- 6.61(fail)  39(fail)

6.0 --- --- 6.93(pass) 56(pass) --- --- --- ---

Table 6. Properties of H-SMC moldings

Property Hybrid resin A Hybrid resin B Unsaturated polyester Vinyl ester
Flexual strength, MPa 522 483 432 440
Flexual modulus, GPa 19.6 18.2 175 17.7
Tensile strength, MPa 309 288 256 279
Tensile modulus, GPa 20.1 20.5 18.2 18.4
Tensile elongation, % 2.0 2.2 1.8 2.1
Notched Izod strength 1667 1550 1295 1069

(edgewise), J/m
Possion's ratio 0.32 0.43 0.37 0.35
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Table 7. Impact response of cured resins

Property Hybrid resin A Hybrid resin B Unsaturated polyester  Vinyl ester
Maximum stress, MPa 186 284 127 206
Impact modulus, GPa 291 3.03 3.07 2.97
Initiation energy, J 0.44 2.08 0.25 0.52
Propagation energy, ] 0.03 0.10 0.02 0.04
Deflection at F,.,, mm 1.1 2.7 0.8 1.2

Table 8. Static strength values for phenolic molding compounds

Property RX-630 RX-660 RX-865 XB-22
Tensile strength, MPa 82.7 55.2 68.9 75.8
Flexual strength, MPa 193 137.9 186 151.7
Compressive strength, MPa 275.8 227.5 241.3 2344
Shear strength, MPa 89.6 68.9 68.9 68.9
Tensile modulus, GPa 13.8 11.7 17.2 7.6
Tensile fracture strain % 0.6 0.5 0.4 1.0
Coefficient of thermal expansion 10°/°C 44 5.6 3.9 33

e AAE a3t 8703 E

2e REAAN A AL
Ak AR P—z# 19} dwtAEQl 248 1/3
o] 2 ¢ 2/3 A= HF, FHA, 715
H7 A o1t} xﬂf«l EAL oW EFF 872
Aol 2A FHA L BAAE AN A 2ol
Vg JhE 20 A FedEd £ E o
zZ1l R gated] 91X, A8 2 & AH9 Wig

=FAE ]

,uﬂﬁx‘

o) AgFS 2;31 Afe] wg-e stiffness, 2% 2
Y] ALFE Fot. 4Y 2 373 244 9

3t 7hLE7} g2l 7tusd wel AFe
#Z R4, creep resistance, stiffness ¥ =7}

273 €

Table 8 AHEAEE WI7HA] T/ /743t
_4]}.-_4;;]4 Aed e REAQ Ax e H
&t A&7t »ﬂl"‘-J 54L& Al weg

LA AV ddh. 289 FHEFZAANE
shear stressol| ]3| —r-7~]-4 ZE Wz AF
7t wiEE 2 Y RN = X9 58 Az %
Fgoz Airt wide ez AFe Fdyg iy
o] E4o] k24 dt}. A% ¢ transmission F-
%8 4 2 9& 35& Egste A7 7
d 23 AY £ JUEE AdAHooF gt
=2 Jlwgd F2E e dAeAE
s tlffnessﬂ creep resxstancea 7}11 =

< brittledtAl vt} Hm5xe A

l

_PJ

(o K oo

N
e
il

A&

ux

#7lEs U4y

322l notched Izod impact strength 26.7°]
A 80 J/me]i unnotched Izod impacte 80~
133.4 J/me]c}.

5. @S

A ARt FA v Fepag £E9
FAE ol AAgt 1 = wl$ g dA4 &
F2toll = 4059 7000 grade®] ¥z} A7}
AHEE 2 QTH25]. DEAE dutzdoz XE
F MolA gerz 47 1 T RA ALE
< sloofgie}.

SMC 2 BMC9] A% AFL T3l SMC/
BMC compounding =& G7}44 X9 A
A2 AHREs el Al=HA[26-28],
SMC #38°] SMC2 £l vl Gl o
e ZAMEATH26,27]. ©] AFME 9.5
mm HE F73 AR YA} 4.8 mm A E B
g 22 AR F 7HA FFH9 SMC B g
AMEI el I A3 Table 99 2tk AR 9
Ag 4L A g YAE H4L AS 2o
A 7= @ REH2I) A7} Wol WA
th ¥ A% o $4%R Zie Hel TS
Att A4 SMCE PE 2 PPdll 40& wl SMC
2ge FAAZE LA B2 34

3}A] ekskeH 26,271

o
.



AHEAHE d{dE EEAs 73

6. \EXE Mfr2s SpiRel Hy

AR723 BgAae & A v 9 life-cy-
cle H]-go] ZA2E Aoz /AT W A A
oA oS de] wolEoR|2lzt AgE. A
Z g Zthdle PE A L AN 7
€ A FEFY FANE A% 4E 71e9
Mol st A 4 2 drt Azdol}
© BHdA & o A P/t B g
Az 71 23 2L 34L 7k Qi)

« Az A 29, 2UE 2 A

- F4d#R

- B - ey

« 7MY 4 Gt A1 9] AAAQ) AL

A3 BEAae] £4& A9 v
87 daiMes 3 ZUE AM9 33 2d9
Ato] 4 galct, HA| FolA Agre] 3}3HA
54, 28, BAE Az AL & 23 g 2
3% 20 & 2= 5¥HL 219 AES A
2% g g3t BdAzE S}
OJHLER AXA EFE TAAA EFF Al
S Eole Aol v & Ao F8&H o},

AHS 7 71e S AEEAY Agsle A
T F Az 49 Ao 9FE nE Fa3
Atgtolt}. BgAE Al Z2FHe) v & g8 F
8 ] Bz} v g cycle time 233 A E9
AZE 2 B 9t AujEnt, 2=2 A
F3E AleAE e DA E B R
&9 # Uk G K73 474 AE pul-
trusion® pelletizing 4 EHE AFAA 718
dtojol &tt, FANAFAE ALY Y A S
AfldE 283717 532 AF9 ekl
wo A7 gE). SMCe e &8
HAE 7HAT 4548 g2 4ol 97
Huz |9 7t Frtstn AMES 277t
FHEh SMCe =3 A JiAA = 2 &
A FHE 7] A3t FAY FF5Aol A
STFHER AR iig £ #FE 285 o
gl

RTM3} SRIMS] 7% =& &3] Aauild
283 2HE 4 Uk LCM 3¥ e A

TS

e A ZL WE Alo]E2 YA 5 oA 2}
FTAE BEE AYAsrldls o33 Adyol
ot 28y cycle time, J& RS, 71AA ZA
% 2 A E #4353} 95t preform |
Z} 71ee] o] dedith B @R L &
2 f/reldf B Al 2" A9l preform 71
= Mgl o B8 =] g3t} & A
& zte A2Ele] SRIMAME A&d 23,
preform®] $HHF AT, 943 A LA, 7179
Za 9 B e f%59 i, ddd 4
AL Boll B3 A7) He s

ogs

1. "Materials for Lightweight Vehicles', Office
of Transportation Materials, U. S. De-
partment of Energy, Washington, D.C., 1992.

. H. Baker, Adv. Mater. Proc., 39(1991).

. M. O'Malley, J. Metals, 17(1990).

S. A. Wood, Modern Plast., 46(1991).

L. Dodyk, Adv. Compos., 21(1991).

. D. Stover, Adv. Compos., 29(1990).

D. E. Baxter, Jr., Adv. Mater. Proc., 26(1991).

. T. P. Schroeter and R. K. Leavitt, “1990 Cor-
vette Rear Underbody-The Case for Preform’,
pp.275-281.

9. "Modern Plastics Encyclopedia’ (R. Juran, Ed.),
pp.19-154, McGraw-Hill Inc., New York, 1991.

10. R. L. Frutiger, S. Baskar, K. H. Lo, and R.
Fanis, Adv. Compos., 3343(1991).

11. D. A. Kleymeer and J. R. Stimpson,
“Production of an Automotive Bumper Using
LCM’, pp.283-290.

12. A. B. Strong, ‘Fundamentals of Composites
Manufacturing’, SME, Dearborn, MI, 1989.

13. D. Weyrauch and' W Michaeli, ‘A New Pre-
forming Technology for RTM and SRIM,” AN-
TEC SPE, pp.761-766, 1992.

14. R. W. Meyer, "Handbook of Polyester Mold-
ing Compounds and Molding Technology’,
Chapman and Hall, New York, 1987.

15. P. Beardmore, ‘Engineering Materials’ (J.
Weeton Ed.), pp.24-31, ASM International,
Materials Park, OH, 1987.

16. R. Bums, Polyester Molding Compounds’, pp.
181-228, Marcel Dekker, Inc., New York,
1982.

17. P. K. Mallick, "Composite Materials Tech-

M0 No AW

Vol. 1, No. 1 (1997)



74

18.

19.

20.

21.

22.

23.

nology (P. K. Mallick and S. Newman Ed.),
pp-25-65, Hanser Publishing, Munich, 1990.

P. Beardmore, J. J. Harwood, and E. ]J. Horton,
“Proc. Intl. Conf. Compos. Materials’, pp.47-
60, Elsevier, Paris, 1980.

H. T. Kulltami and P. Beardmore, “Composites’,
pp.225-235, Vol. 12, 1980.

V. Wigotsky, Plast. Eng., 34(1993).

D. Vesey and S. Abouzadbr, “‘Automotive Ex-
terior Body Panels’, pp.1-6, Society of Au-
tomotive Engineers, Detroit, 1988.

D. J. Primeaux, II ef al. “Automotive Exterior
Body Panels’, pp.1-14, Society of Automotive
Engineers, Detroit, 1988.

J. Arimond and B. B. Fitts, ‘International
Congrs. Expos.”, pp.79-83, Society of Au-

H8718T S

tomotive Engineers, Detroit, Feb 29-March 4,
1988.

24. J. W. Berg et al., H-SMC Bumper Beam En-

25.

26.

27.

28.

dured 5 mph Impact, Plastics in Automobiles:
Bumper Systems. Interior Trim, Instrument
Panels, and Exterior Panels. pp.47-63, Society
of Automotive Engineers, Detroit, 1989.

S. L. D. Day, ANTEC, SPE, pp.1542-1544,
(1992).

W. D. Graham and R. B. Jutte, “SPI Com-
posites Institute: Press Molders Conf.”, 1990.
R. B. Jutte and W. D. Graham, “SPI Com-
posites Institute: 46th Ann. Conf.”, 1991.

K. Butler, “SPI Composites Institute: 46th
Ann. Conf.”, 1991.



