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The Study on Weight Reduction of Vehicle for Shell Eco-marathon
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Abstract : This paper sought to find a way to improve the fuel consumption rate of a vehicle for the Shell Eco-marathon
Asia 2014, with a special focus on the correlation between vehicle dynamics, aerodynamics and chassis weight
reduction. In ‘KUTY-Eco 1’ designed for SEM Asia 2014, a chassis made with an aluminum alloy tube, semi-
monocoque structure and a pivot steering system were adopted to reduce weight and to secure better performance. The
goals were achieved using computer-aided engineering(CAE) and parameter study. Finally, ‘KUTY-Eco 1’ was
created, the lightest car in the competition‘s prototype petrol(gasoline) type category. ‘KUTY-Eco 1’ secured the

official record of 142.7 km/liter during the competition.
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Nomenclature

ABS  :acrylonitrile butadiene styrene copolymer
: American society for testing and materials
CAD  : computer aided design

CAE  : computer aided engineering

o : drag coefficient

FRP  : glass fiber reinforced plastic

R, : air resistance, N

P : density of air, kg/m3
S : frontal area, m’
SEM  : shell eco-marathon
v : vehicle speed, m/s”

*Corresponding author, E-mail: chobk@koreatech.ac.kr
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Fig. 1 SEM Asia 2014 : KUTY-Ecol frame design
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Table 1 The comparison of general pipe material property

. Yield Modulus of .
. Density | strength - Price
Material 3 . elasticity
(Mg/m’) | tensile (GPa) rate
(MPa)
Steel
ASTM-A36 7.86 250 200 1
Steel
ASTM-A242 7.86 345 200 1.5
Aluminum alloy
6061-T6 2.71 260 70 4
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Fig. 2 KUTY-Ecol frame analysis
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Table 2 The results of finite element analysis and mass

Diameter 25 Diameter 30
Item Thickness | Thickness | Thickness | Thickness
2.0 3.0 20 3.0
Deformation |, o, 377 2.89 226
(mm)
Stress 2583 | 2145 | 1645 | 1286
(MPa) : ‘ : :
Mass 2.196 3.148 2579 3722
(kg)

Table 3 Parameter study : deformation and mass evaluation

Deformation
Item -
Advantage Disadvantage
Advant Diameter 30 Diameter 25
vantage Thickness 2.0 Thickness 2.0
Mass - -
Disadvantage Diameter 30 Diameter 25
£ Thickness 3.0 Thickness 3.0
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Table 4 The comparison of general cowling material property

' Yield | Ultimate Modulus of
. Density | strength | strength ..
Material 3 . . elasticity
(Mg/m”) | tensile tensile (GPa)
(MPa) (MPa)
ABS 1.00 ~ 28.0 ~ 24.0 ~ 1.40 ~
(Impact grade) | 3.50 93.1 138 2.80
FRP 2,52~
(C-glass fiber) | 2.56 ) 3310 68.9
Polvearbonate 1.14 ~ 61.0 ~ 57.0 ~ 2.14 ~
Y 141 | 740 17 245

Table 5 Parameter study : Manufacturing and cost evaluation

Item ABS FRP Polycarbonate
Manufacturing ) _ -
level of difficulty High Medium High
Price rate 3 1 15
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Fig. 4 The shape of cowl : First concept
Fig. 5 The shape of cowl : Second concept
Fig. 6 The shape of cowl : Final concept
Table 6 Design result by each concept

Frontal | - Inner |y p, o | Visibility
Concept | area volume (ke) (m) Cp
m) | m) | ™

First 4.705 0.551 7.05 5 0.178

Second | 4.287 0.441 6.42 43 0.155

Final 3.647 0.356 5.47 4.1 0.134

Fig. 7 The result of external flow analysis
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Fig. 8 Steering knuckle (bisymmetry)
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