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[Abstract]

In this paper, we propose a 3D design method of the vacuum forming method of the front part to
improve the lightness and production efficiency of agricultural electric vehicles. For agricultural electric
vehicles, lightness and production efficiency are more important than the strength of materials for
collision protection. In this paper, we propose a vacuum forming design method that can replace
complex machining processes such as laser machining, bending, and painting. The main purpose of this
research is to improve product stability, productivity and convenience through 3D design of the front
part and development of vacuum forming mold technology. Research procedure follows the 3D
modeling of the front part using CATIA, finite element analysis for the structural stability using
ABAQUS, manufacturing prototype for the investigation of the dimensions using 3D scanner and actual
driving test under agricultural electric vehicle usage environment. The results verifies the proposed 3D
design method of the vacuum forming method and are expected to be widely used by agricultural

workers through the simplification of the production process of agricultural electric vehicles.
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I. Introduction
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Fig. 1. Five components of the front part of
an agricultural electric vehicle[9]
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II. Background

1. Types of Plastic
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Table 1. Types of Plastic

Type Distinction
PC Resistant to impact and temperature changes
(home appliances or automobile parts)
PMMA !Excellent Transparency (Lamp Cover Lenses
in Cars)
PVC U.sed for. ele.ctric wire and insulation cover,
pipe, drain pipe, etc.
Excellent impact resistance, easy plating and
ABS painting, most molding processing possible
(used a lot for automotive exterior materials)
PP Lightweight and used in car bumpers

2. The Technology of Film Molding
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Fig. 2. Process of Thermoforming
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Fig. 3. Process of Vacuum Forming

III. Design

1. Design of the Front part
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Fig. 4. 3D modeling of electric vehicle
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Table 2. Physical property information of ABS SH610A

Properties Condition Unit Value
Specific gravity - - 1.04
Mold shrinkage 3.2mm % 0.4~0.7
. _ o _ - Melt index 203°C/3.8kg g/10min 1.0
7} Bgd 2eAAS od AR Fig 63} 2o _ _
. : . Tensile ST. at 50mm/min, ka/cm? 420
25 A=) 498U ee 54 3mm o9} 5= 7] yield 3.2mm g
&0 2 At Tensilfe EL. at 50mm/min, % 55
yield 3.2mm
Tensile EL. at 50mm/min, % 35
break 3.2mm °
Flexural strength 50;“;“4:”' kg/cm? 640
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Fig. 6. Design drawing for each part of the front part
for mold making

Bumper

2. Mold making and Vacuum forming
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Fig. 8. Assembly shape of the parts

IV. Results of Computational Structural
Analysis

1. Molding Precision
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Fig. 9. Measurement result of molding precision

2. Computational Structural Analysis
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Fig. 10. Mesh model for FEA analysis
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12. Additional components to support stability
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Fig. 13. Stress—strain Relationships[16]
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V. Conclusions
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Fig. 15. Measuring scene for lightweight testing

Table 3. Results of Lightweight Test

Material Weight nghtw_elght
ratio
Previous(SS400) 11.80Kg
Proposal(ABS) + Support 38.82%
fixture(SS400) 8.50Kg
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