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2.1. Sheet Molding Compound(SMC)
Abgak A e % EW, heat sag
resistance, S FH A S, GAY {AA, F
AT D F2A stiffness7t L7FHEH SMCE
ola] Zziofl & R rH1L SMCe Z2E R o
3% class-A EWH S 721 E-coat bake 2%
A= & Ado} SMCE A83hH 7Hdd v3)
FAE 20-30% A5 29 & 9len3l dd =
Q1E glo] g 7o) AlF e d3o] shssirH4l.
Audi, BMW, Mercedes, Peugeot, Volkswagen
v 2o Ze F3 AHEa vielHEe] SMC B H
AHasta o, 4% SMCE zHA| 93 ¥
ohe} ofE 32 BFo2 £x9| 7} o
Atk SMC 22 30% #xe #F2ld/E £
gtetetl steel stamping #FHTH 7PEn 2%
n)goluh m1ul4F die casting H.TF 7FA o] A&
g1 2SS 2 A9AFIY GUEARAFR AF
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Figure 1. Major automobile exterior components that may be replaced by polymers or polymer matrix

composite.

e} g el Fo. 2FUE A2
SMC= A7k 7R, dld &0l
2 5@sleay 7p3u7t 3, A
$435te] sealinge] dETH5]. ¢F0
pan® SMCZ WA= 714 3 Fako] 30%
= A el e} o dE el
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2.2. d72st 974N $X|(R-TP)

gk AAiel A thekst R-TP7F @A) ALS-H
o UAY doze] Apfe] o4t Freight
linere 53 Ede T felidf st &9
dAH 2SS Al&slz 9it). o] R-TPE class-A
Z2AZ 7AW, o] dAE F== HEF SMC
AF vl oF 15% B = A7 b e, e
= =AY rkEe ET]

Aa7e g 2x A3 #-iE o A
Bzog Yzielgn gled 7)o+ timing
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B3E, A, ae Ay Fol doH6]. A
At U203 BE A3 F WE HMe
gFul g A Eol ¥l&)] 25% F = 7HAl A}
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Ud go g Azsed 50% 3= FAF Zast
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Zxlo] ZAAAolHs]. AW B FH bumper
backup bart 40% eldF7de Felz=ga

o2 A %5 o] Ford% GM9] &t ==
o BEAE Hue vo st taRin 2
AEs RiaE s FEsc] Folevh4.8].

2.3. IMs DEX SEIHE

A% ¥zt 23 3(advanced polymer
composite, APC)E 4% 87=HE 2HEA
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U= = 24 BokZ A& transmission, uni-
versal joint @ 7]€} 97 H-F Fol SlrH9]. &
A8 drive shafts FA7F 7PE 1 opekshAl
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GME &2 578 5gAse AHesta E8
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T ledld dagtt A 2oz 4| %
H ~22(186 kg)® 4AE SLAF leaf
spring(3.6 kg)2Z Al¥ + 2+=dl filament
wound leaf springe& W& Ai=le et 4
o] Algsln glvl, 584 E Byola =&
71&e] =&l ula) 30% Hx sl FHHA
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T Z7 A H11). FRld R/ EA BiAlae
wheel 2 slutelle] Abgo] weiZFeln EE ¥
AE27ME Bh/ahd ER]AE Heolazt A
ol slth
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3.1. Liquid Composite Molding(LCM)
Liquid composite molding(LCM)-2 t}et3h 2}
FTAb FE A de] o] &5 1 3l snap-
cure SRIM 7] Al 28l A H % RTM A28 &
BEE Tlme] Ao os] xHEab Akqiox e
LCMe| Aol ©l& F7ksta ok Resin
transfer molding(RTM) %+ structural reac-
tive injection molding(SRIM)°] LCMel| £3hc},

RTMZ Figure 29} o] H7} preforma o

Y & ¥n S AT T A5 FY
LHOH sty —71‘"155‘ FA 7} FRAA FAI7E
Aol Ax Asldozd AlZo] Hdo] HE=
FHolth. SRIME RTM# H]s:3 Fwo]=| gt
5o 38t vhgo] vjg- whalx Fao] 7w}
Bdage] 2717 debcH(Figure 3). SRIMel

e #2407 28 ol FUEH vhe 2 Ao}
Tz W 59t} 27} preform& o2 3
T3 FAl REgo] APH e SRIMe| A&
FA|7F B A frofl whe) gojof slm 23 o
F7N= Alio}ﬂl Rl L A g S o
A3] 3 E F At dofvper gt

UREEQ] RTM A& 293 o2 A e gt
Aol A ok 100:12 EFE T 2 preforme] 94H
8] 7] YalM e 2F 100-1000 cp A =9

l Mixing head
I |
Fill inlet \F al

% //////l/_/,{] v /R

T Preform p!acedT

in a mold prior
Clamping press

to injection
Figure 2. A RTM process.
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3.2. LCM2 Preform H= 7|8
LCM &%ie] 1S o] 8857] il a2

Component A Component B

Metering cylinder

Mixing head
] [

Static mixer

Preform placed in a mold

Figure 3. A SRIM process.
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wlojok & F7}A] Tl WAt preforme 7 A
Hog Asbste Aotk HAxg 339 pre-
form= 9571 #l3te] thermoformable con-
tinuos strand mat % multi-end roving® ¥ 7}
2] dejel feld Rt TEH T drH12]. olg
22 e B = preformel b ol )
5 Bo| e 54 B EAAE Fo1E
Ath. o] F kA1) KAk 7] 2 #e) (mat, rov-
ing)© directed fiber spray-up % = ther-
moformed mats2| stampingol <&l LCM pre-
from©.2 7}3-¥ ) Directed fiber spray-up
e et 5ED L9 FHY pre-
formed 5% ~3dol fre]dfe viQlg & ¥
Abste Aol Add fEldfre 23S B
3 FUHE 2700 et nAE Bt
Hsk= FAlell o|2W bindere] ZAsle] 2j&)
preforme| &4 HCH121(Figure 4).
Thermoformed mat processt matZ 7} s}
= 28, HEDHE & B EE preformo2
AdEets a7t dasttH13] gy o g oy
Fe] HEE 243 27|12 et T B 1F
AlAA g Ag7F L3 framed 0B
of W1 7igdd ¥ Awe] AY 7vlz &7
4% 717]el A mat”} preforme.Z AJEEH &

& AAG ¥ 2 e 44
a7) slael Arhad 9 94
7h b s 7l B,

3.3. SMC2t BMC2| M&
SMC9}+ BMC(bulk molding compound)= %
- geo] A Ty As A&} kA uk
F AEE flsle] 38 ol FUHE Y59
He th2t. o] 7]&dA @ol Alesle 98

Fre|dfwdsl FR(FelolaH 2, Blde A~
12, HE2], odlFA]) 2 clay, alumina =&
calcium carbonate®} 22 Fdaolt}h, A& el
SMCe] 24 dukal o g 75 mm o|ste] Ao
g e A 30~50%, +A 25% 2 Ao
ZAA, H=ZHA|, low-profile agento|t}h. =}
FAE B Ed e ZoldlaHE 2 Bdo ~H 2
7b F2 AMRE 3, ol FA] X9 HERA|E
underhood &<l Bt} 2 gsiri14].

SMCY AlZx= WA freldfig e %)-
Zuf-FHA e E£3Eol Hx dHe EeleE
A FES &9k, 4] T3 Aoyl /el
f A= 4= & Ale

T (r oft 42 rlo
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of
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Roving Roving cutter

Binder spray
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Air exhaust

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

Rovings

Resinffiller paste

PE film roll

PE film roll

Compaction rollers

Take-up roll

Figure 5. A SMC process.

Zeldgd 48
/ga—l _\.L,‘l_-”}-oﬂ)\-] )\4615.][:} A—]
3 2xo dHE A9 TR FHAY Lol
meh ok Ajolzh ledl gwbdoz o
160°C=} 35 MPa 4 o]t}

¥ SMC= &=4%H Hdsn
ol AAHE F 4H

BMCE= SMC#} vl =3 24 & 7k A2 72
A% 0_,] o]:o] 01;7]- 2—] M 09,] 731015 91]:{]- @
. BMCollE % 6~12 mm Z°|& Ze &
24+ 15~20%9} Zeldl~HZ $X|7} A4
"t BMC= Add da9 27 371 &
Oﬂf\ﬂ ,ﬂ- )do q.O 7&—10 log OEHE :%:1'—%1‘.:1_
t}, 4= log= z—lu—z;]_ 71o]§ Aoy & otEA
4, A1&44 2 transfer moldingol| 23t 7}
ZHch BMCY J# 7=, E}**% 2 37 oy
2= SMCel| vl&l wted o] AMEEl = dF
ZAol7b &3 A kol A7) W&ot (Table
1).

4. 845 # CIx2

gl e A Fo] e AR s Akl
A Esblgel 34 F AsE deEstodop & 7
£ B3AEY AAEEst a3 o] Erth
Akl Azl REgE= ¥ FHol +434
oz melslojel gl FE X rxjele A
e Ay T HFe oA ddted Ao 3
cH15]

Table 1. Mechanical properties of typical SMC
and BMC

Property SMC SMC BMC with 10

-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 5.5 to 8.3
Coefficient of thermal - - 14.4 to 27

expansion, 10°/°C

4.1. SMC2} BMC2| 7= §4
SMC= olub@ o 5L£z40] gjy_ {% s}
HEe ) Arh(<2). Afrel Fel ol
ﬂuﬁ}ﬂ”‘ﬂ§+ﬂi—vw%%7@ﬂ.%
W ENRYEE 20 JoE U e

o
w2} —ﬂ:ﬂ-l‘% *“ﬂ% SMCell M= A+ 7}
12 mmol 4] 50 mm & =1 o] Mg WollA &
HEE A dolo) wet Mgelx] eheth AR
Hol7t A 53] 533 g e 57
°l %21 rH16].
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2T A9 Sl 2okl we} 27}
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@2 A dojaly Hee & BEgn 7
dojdth, A {7} 815 Wk tis] Zeg 7z
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N2 E4E AR QAT AEE opr|A)7
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Figure 6. Typical S-N curve for a SMC automotive
part.
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High speed resin transfer molding(HSRTM)
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SHAl A& Aol 5 9lom BES pra 7
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« d 9 xpeby A
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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 19.4
Hood 22.3 7.8 14.7
Decklid 19.5 6.5 13.1
Doors(4) 64.1 25.2 389
Bumpers(2) 55.9 20 359
Driveshaft 9.6 6.8 2.8
Total vehicle 1705 1138 566
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[211.

ujuie] fender= AHEE = Gk Eeld
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4.4, Bumper Beam

dubH o] M Zetug e ZezZeg
o] soft fascia ¥ F4ET foam, 12|51 73
Z Y597 bumper beam© 2 TAJE o] Slth.
Bumper beam®] B} wjFol| bumper beam2]
e 5L AWEE, 4SS, =SHEE Z
A7 =g 7HH ok 3ot A S nEAE A
g 8 FHE T gaolth Mazda A
Apol] R bumper beam®| Z7l= random
glass-fiber reinforced hybrid resin composite®]
t}. Hybrid F21& S X g -Ze|o~H 2 2| &7
polyisocyanate® ©]Fo{# lth. o] A2E &
gl et ~H 2 A= 71Ee] ExstEed
2e| 28 0L Ak Ast A2ls et
[24]. o]s} £& H-SMC(high-strength sheet
molding compound)= 71&2¢] &7 7}
+59 compoundingZel| feldfel HH &
FxatEelo) 282 E2]&7 polyisocyanaterte]
ol Al St dgdut-go] dojdtt. H-SMCe #
w5t pressdtZ|ol]l AEd HEE 7Hzct 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, ] 0.45 0.22 0.32 0.28
Coefficient of thermal 11.1 16.7 13.9 14.4

expansion 10°/°C

HaolEs ug
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SMCE 7Hd 454 8st guz 253
ated AslElo] w2 7w 9} toughnessE 2=t}

Table 49} Table 5= 5 £72 hybrid $4 &
A}4-3 H-SMC2| pendulum 4754189 A
Ttolth, Table 62 H-SMC A& £2] 2|4 &
d< B Fo) Bumper beam$ 4Azle] 22
ek 8hg E4E aaje] 54 #®ok opz
bumper®] FRo: TAEY oS 59 hy-
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o A% gefa)7] wEeln}, ol Hex 2
&tal hybrid 7] A%} By 2% B sl Ze)d~
H 2 4 v doj| 28| 230} $45}t},

H-SMC 2| Fol| A= %2 A] crack initiation
energy(E)7} %<& hybrid 29| bumper
beam®ll 233t} Table 72 B 712 Z3}A) 28]
] crack initiation energyZ ®|w3t Azjo|r},

o

et B s 71

Hybrid 4 B ARt F vie] %2 crack in-
itiation energyE 7}z2lt}, 73] B7} ARt} 23
Z= 3 v Eo] Yol humper beamo = 1
% Agstct. 1¥2 bumper beamS 2% &
o crack initiation energy: i2{sfo} &
a3k 144 shvtelth. Bumper beam 7%
& crack initiation energyel &S F =

T
Aol .

re A olx

5 LB SR8 = diAE
> H| 8o "igolch B3e el o
g 71 <7 BES 58 WA wesgleld 1A
ste BgdAs BEos H4Ysid 7t ¢ 29
A4S 9 v]E-e H47E 4 it} Transmis-
sion torque converter, B&|o] 3 9] <%, commu-
tator, pulley 52 7 #FL & 2= ¢ &
oA A=, A, Walkehd, gz g

4.5, A
Azl o
=290

o 1
dpy ﬁ{iﬁ
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Table 4. Pendulum impact response of type-I bumper heam

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 11.5 15.2 S 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  [oad  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 --- e 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 13.2 17.5 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, ] 0.44 2.08 0.25 0.52
Propagation energy, ] 0.03 0.10 0.02 0.04
Deflection at Fr.,, 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 2275 241.3 234.4
Shear strength, MPa 89.6 63.9 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 4.4 5.6 3.9 3.3

o

°1E} f}j #7438t slEaale detAl 24L& 1/3
HEe] 42 9 2/3 @ w2
H7 Aot} A Fo BAL ojH 54 8%
Ao 9t 2AA 9 B S HEA A -0l
7bsatd 7bg 2AdoE A4 F5-9rh FF
Q1 2 gate2] 93], A =0 T2 e vhE
of dgkS F3 Afo] ujE L stiffness, Ax &
A3 gol S Fof AE 2 FA3 20 ¢
stel Ztaer) gebAlal shakel weh A S
% & 24, creep resistance, stiffness ¥ ZF=7}
AR At
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