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Performance Analysis of CFRP Rear Spoiler according to Types of Inner
Foam Core under High-speed Driving Condition

Sung-Eun Kim****, Jun-Geol Ahn**, Moon-Sung Kim***, Seung-Ji Yang***
Ki-Young Kim**', Hyun-lk Yang™***"

ABSTRACT: The inner foam structure plays an important role in the performance of the carbon-fiber-reinforced plastic
(CFRP) rear spoiler used in automobiles. However, there is still a lack of studies for the CFRP-based rear spoiler
according to the type of inner foam, especially under the high-speed driving condition. With this motivation, we
numerically analyze the performance of the CFRP rear spoiler using various cases of the inner foam under the high-
speed driving condition. Here, polymethacrylimide (PMI), polyvinyl chloride (PVC), and styrene acrylonitrile (SAN)
resins are employed as the inner foams in this work. The performances are evaluated using the deformation aspects and
vibration characteristics when the driving condition is a high-speed condition (200 km/h). Furthermore, to specifically
verify the importance of the inner foam in the high-speed condition, we additionally investigate the performance of the
CFRP rear spoiler without the inner foam structure (i.e., hollow type). As a result, it is confirmed that among the types
of inner foams utilized in this work, the PMI and PVC inner foams have the best deformation aspect and vibration
characteristic, respectively. Note that the hollow-type inner foam has inferior performances compared to other inner
foams invoked in this study. Consequently, through this study, it can be confirmed that the inner foam structure can
significantly improve the performance of the CFRP spoiler under high-speed driving condition (200 km/h), and also that
the strengths of the CFRP spoiler can manifest differently depending on the types of inner foam core.
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Fig. 1. Dimension of CFRP Rear spoiler

Fig. 2. Modeling result of CFRP Rear spoiler
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Fig. 3. Sandwich structure in CFRP rear spoiler
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Table 1. Material properties of CFRP in this work
Properties Value
Density [kg/m’] 1420
Young’s modulus X-axis [MPa] 61340
Young’s modulus Y-axis [MPa] 61340
Young’s modulus Z-axis [MPa] 6900
Poisson’s ratio XY [-] 0.04
Poisson’s ratio YZ [-] 0.3
Poisson’s ratio XZ [-] 0.3
Shear modulus XY [MPa] 3300
Shear modulus YZ [MPa] 2700
Shear modulus XZ [MPa] 2700

Table 2. Staking sequence of CFRP in this work

Layer Material Thickness [mm)] Angle [°]
1 Epoxy carbon 0.4 0
2 Epoxy carbon 0.2 90
3 Epoxy carbon 0.2 45
4 Epoxy carbon 0.2 90
5 Epoxy carbon 0.2 45
6 Epoxy carbon 0.6 0
7 Epoxy carbon 0.2 -45
8 Epoxy carbon 0.2 90
9 Epoxy carbon 0.2 -45

10 Epoxy carbon 0.2 90
11 Epoxy carbon 0.4 0
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Table 3. Mechanical properties of the inner foam cores in this

work

Properties PMI PVC SAN
Density [kg/m’] 110 80 81
Young’s modulus [MPa] 157.5 102.0 60
Poisson’s ratio 0.3 0.3 0.3
Shear modulus [MPa] 60.6 39.2 23.1
Tensile yield strength [MPa] 2.9 2.2 1.1
Compressive yield strength [MPa] 2.9 2.2 1.1
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S1A] 92 F5% CFRP 2lo] 22 deo] 9ol 22
2 SRolA Zdf Mol WS AS =IE &= Qlrt
2o Mgso] 7M & 3% CFRP 2lo] 2x Y|
T 75AS B 7] 93l Inverse Reserve Factor (IRF) A1}
£ AiFsto] Fig. 150 et IRF= S8 =9 ahiof
7= d4sks e, 5k 32 ad ks e s U
o] IRFE & 9|5t} [20]. wetA] IRF > 10| Tsai-WU 7|5
oAl B3R} ghE o 2 HStal IRF < 10]4] b gh
W et Ui & 307t 75.9“5] 23y 352 IRF 2
ol 4 IRFO] Z{dff gho] 0.1255 HA| &3ttt &L Fig.
15004 2Qlek 4= 9= AA ™, $35F CFRP 2lof A3k
2= IRF gho] Ztff 4.7 o2 7HA|™, IRF glo] 1 o] &
H7E waA o)A gF5& AT 4= Atk thA] T,
233 CFRP glo] Ax A= 314 3 ASH200 [km/h])
off A w2 °1‘X474]—’F§ Zh= 2o ® ZelHh
AnHom 1§ AES Anel WYY AnkE Ta)
5 E5019] -’"‘FJH 7 2 323 442200 [km/h])of A
CERP 20| zeleie] 4%& 27 A 4 UL o
o] & 4= Qit}h. EgEH & Fo] E = SAN 22 PMI Y PVC
B Ol 1 S 14 0 UERE A, AR
®IA] PMI 2 PVC EHT} W02 3}olat 2= 9Jr}. PMI E}
PVC Z& H|T 54 ], PVC Zo] PMI Z tju] PVC o]
PMI Z ek Rl A%o] 3.8% A5II00, 17 167
£40] Aol 12% A slhghe sele 4 9tk
F7h4 02 2% CERP 2o Axae|o) s
57 Yol & o] FFE CFRP glo] A32de|o] 1A
£ S5kl e, I 235 Table 40 7]5}F3ch 9HA 2
ol & 4 Q= AAE, 11g 338 42200 [km/h])
of|4] PMI 5t PVC & 289 EPE AP 35 Ale)7t 3.8%
o] 7] ujEo, Mol thet GaFS AA welsti, 4
Ao ot X ES 2712 18t PVC £9| PMI &
o] B gtk CFRP glo] 2xYde|o] & o] 27k & A

oL
n f”1°
= [

Table 4. CFRP rear spoiler weights by inner foam core type

Properties PMI PVC SAN Hollow

Weight [kg] | 64223 | 57110 | 57347 | 3.8143
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