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Abstract Weight reduction is one of the important issues in the automotive industry and the development of internal
combustion engines vehicles, future vehicles, and eco-friendly vehicles for improving fuel efficiency. The objective
of this study is to investigate the improvement of driving performance by weight reduction and optimum design for
a formula-type self-designed on-road vehicle. This study is divided into the four steps. Firstly, the engine room was
replaced and designed with a lighter engine. Secondly, an optimization study was conducted to simplify and lighten
the vehicle components with the design of the frame. Thirdly, the structure design was optimized and the suspension
was analyzed with the design of the frame. Finally, the design of an upright and hub with reduced weight was carried
out usinglighter parts. As a result, we reduced the weight of the vehicle by 48.5kg compared to the previous year
(19.5%) and increased the acceleration from 6.8 s to 5.8 s.s.
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Table 1. Main specification of the vehicle

Specification

Length (mm) 2,200
Height (mm) 1,150
Width (mm) 1,350
Parameter Wheelbase (mm) 1,520
Ground Clearance 300
(mm)
Weight (kg) 198
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Table 2, Compare with the engines H E=XRE 27)% Xl 4470 F37F A3 glr]oolE

Name Comet 250 VIE 250 o} RS AT =5 Axle] FAR ZA8AE u,

26.6 ps / 24.1 ps / ok J= L]0 K lakell = A
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Table 3. Main material of frame
Specification
Material Drawing steel pipe-13c
Main 254 mm x 1.8T
Assistance 254 mm x 1.6T / 20 mm x 1.2T
Arm 15 mm x 2.0T
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Fig. 3. Design of suspension
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Table 4. Specifications of the suspension

Categorize Front Rear
Type Double wishbone Double wishbone
push road push road
Damper DNM RCP3-3501bs
‘Wheel ENKEI / 6j / 13inch / 3.2kg
Tire Kumho s700 (170 515 R13)
Center
of mass (mm) %0 40
Roll center (mm) 50 70
Toe angle (°) 2 2
Camber angle (°) 2 0
Caster angle (°) 0 0
King-pin angle (°) 9.6 9.2
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Fig. 4. Suspensions structure (a) L:Front (b) R:Rear

Fig. 5. Modeling design of knuckle
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oy A
=4S s AHh AI6061 689 Gpa 255 Mpa 290 Mpa
Al7075 71.7 Gpa 475 Mpa 525 Mpa

Fig. 6. Compare with the weight of knuckle

(b)
(a) L:2016 (b) R:2017 Fig. 7. Modeling design of hub
(a) L:Front (b) R:Rear
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Fig. 8. Compare with the weight of hub
(a) L:2016 (b) R:2017
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Fig. 9. Finished vehicle appearance
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Table 6. Compare with the specification of vehicles

2016 | 2017
Drawing steel pipe
Al6061 Al7075
Cast iron Al7075
38.2 kg 32.1 kg
1.8 kg 0.7 kg
3.0 kg 1.4 kg
5.5 kg 3.2 kg
433 kg 34.6 kg
246 kg 198 kg
6.65 s 58 s
1323 s 12.70 s
85.71 s 64.06 s

Categorize Contents

Frame
Upright
Hub
Frame
Upright
Hub
Wheel
Engine

Material

Weight

Total weight

Acceleration
Skid pad
Autocross

Test results
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