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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.

» Key words: Agricultural Electric Vehicles, Computational Structural Analysis, FEA, ABAQUS, CATIA

(2 <]

B EwdAe w98 A1k B Arkel a84S i) Sk duRe] JeAdE W
28] 32kl A S AR TR A7IAbE SEl aivek A FEAQ SHdA A
A Eas THAAIRE A 2 A aaAd o] - Tasith & dAgllA oA Ty, A,
= 5o 539 vk e WA ¢ e e d A S AgkE d7)AE Ao 3
A AA B AEAE 59 Ve NES Sote] AE A AN | Helds A=
o] A7e] F8 HAolth. A= CATIAE ©]-83 Y, ABAQUSES o|-&3 7= A 34,
AAE A2 3D Scang ©]8-3 A A1 R A A7IAF ARGl AM O] DA FAAH ] o
2 APEA B A5 Foto] A7|AF du Jedd g e Bidde] AsE e o Adke
TUE A7IARe A 2w SAREA 2] AFEE 5 S Ao TidiEn:

> FH0] SYUE UL TR, RRtRasiY, OfRA, FIE{OF

’

* First Author: Hun-Kee Lee, Corresponding Author: Myeong-Chul Park
*Hun-Kee Lee (leehunkee@ikw.ac.kr), Dept. of Aero Mechanical Engineering, Kyungwoon University
**Myeong-Chul Park (africa@ikw.ac.kr), Dept. of Avionics Engineering, Kyungwoon University

* Received: 2021. 09. 28, Revised: 2021. 10. 22, Accepted: 2021. 10. 22.

Copyright © 2020 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



46  Journal of The Korea Society of Computer and Information

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

718 598 A7t Hene Pets 4Rk Y
T2 Al sigehs SS4000] TR AgE T 9l
cHi6]. Aol Dok Aol Trastel et
274571 YoM dgol &4 a9l Aol SA1H
T} B HojMe T2 Ny ZAS AQSE A 9l Zgta

o 102 M 2
8ol SR il

s 2ottt ®A, E2PHEY0E



Design and Implementation of the Front part of an Agricultural Electric Vehicle
based on Vacuum Forming using Computational Structural Analysis 47

(PC:Poly- Carbonate)= H]AN= A9} d3ppl2HidS
gze 5o $40]} L& Wslo] 28 542 s o
§e 0@ JVR|EolU AHEAH BE So ARgHCE of2
2 2X]|(PMMA: Poly Methyl MethAcrylate)= £H4Jo]
FolL} AL Al AAx e Ax2 ARE|D 9lop] B2
A3} 8]2(PVC: PolyVinyl Chloride)2 & Zc}AEOC
2 A 2 AA Ay ooz, w50 o] &1 Q)
o} ABS 4R1E AHEAL] ool Wo] ALREL gt
2 AEJHIA] o0ln] ol FZHrYEY, REHHAA, A”d0
= uisttt. YsAZdol £1 =gt &4o] &)

0 ool 43 ZH3uel H8ol st 54 K
Je)3 98 Seag Fol by slule Eelmeuan (PP
PolyPropylene)> AtgAt H 5o ARRELL QlT}.

o 1o m x©

=

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
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Fig. 7. Result of Mold and Product
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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

SR, ALS B 58 1l MR B ndge)
83%0l et Al4 25km 452 59 35 4| HeR
572 2ARIGCE ol 37 5159 Ate Ystol 57
5L 55 WAolS S0ms L) Wsi] 57 24E
=2 gAlss o2 Jhgsigt sz,
Fig. 113} 20| ABS® ASiElofsl Het% 57) e 5 8
Wg RI2jet 47le) THEA HalFg. 119 88 2
o

R

g 4ot o] B st



50 Journal of The Korea Society of Computer and Information

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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