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ABSTRACT

The purpose of this study was to ensure the safety of a scooter frame through a structure and vibration
analysis according to the tube thickness and weight of the frame of the electric scooter, which is currently
being commercialized. According to the results of this study, the largest displacement value of 0.13238mm
appeared in the 3-mm thickness when applying the 100-kg load according to the thickness, and 0.026591mm
and 0.019062mm appeared in the 4-mm and 5-mm thicknesses, respectively. The difference between the
4-mm and 5-mm values was 0.007529mm, and it showed low displacement. Thus, the frame of more than
4-mm thickness was considered safe. In addition, the experimental result for the natural frequency from Mode
1 to Mode 6 in the vibration analysis was within 601.88Hz. In the 5-mm frame, the durability regarding the
vibration was recognized as the best due to the appearance of the critical frequency (341.03Hz).
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Table 1 Properties of the aluminum alloy

Property Unit Value
Modulus of elasticity GPa 69.0
Poisson's ratio 0.33
Density g/cc 5.70
Tensile strength, yield MPa 395
Compressive yield strength MPa 580
Tensile strength, ultimate MPa 105

Table 2 Nodes and elements of models

Frame model thickness Nodes Elements
3mm 43,567 55,004
4mm 45,449 53,545
Smm 49,794 56,688

Fig. 1 Mesh of model (3mm)
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Table 3 Von-mises stress and deformation on thickness

thickness Load Von-mises Deformation
(kg) stress (Mpa) (mm)
100 30.342 0.13238
3mm 200 45514 0.19857
300 60.685 0.26476
100 11.208 0.026591
4mm 200 16.812 0.039887
300 22.416 0.053182
100 9.601 0.019062
Smm 200 14.402 0.028593
300 19.202 0.038124

Total Deformation
Type: Total Deformation
Unit: mm

Tirne: 1
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Fig. 3 Deformation of model(thickness 3mm, load 100kg)

Total Deformation
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Fig. 4 Deformation of model(thickness 3mm, load 200kg)
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Fig. 5 Deformation of model(thickness 3mm, load 300kg)
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Fig. 6 Deformation of model(thickness 4mm, load 100kg)
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Fig. 7 Deformation of model(thickness 4mm, load 200kg)

I: Static Structural
Total Deformation

Type: Total Deformation
unit: mm

Tirme: 1

2015-10-21 == 248

00533182 Max
Do T273
D.031354
0035455
D.029545
002368327
DOLFF27
D.o11sls
D.o059092
O Min

Fig. 8 Deformation of model(thickness 4mm, load 300kg)
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Fig. 9 Deformation of model(thickness Smm, load 100kg)
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Fig. 10 Deformation of model(thickness Smm, load 200kg)
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Fig. 11 Deformation of model(thickness Smm, load 300kg)

—-119—-



T @FZAMESE A, Alsd, Als

3 SHAAME 100kgo A -1.607MPad} 200kg
-2.41MPa¥}, 300kgollA] -3.214MPa #S H
Ao dde FRI AL 4mme F
~FE Y AS A 83te] FH 2 AHA
AZsle Aol kg grel dAry M3t =

to KoMt 2 2 (g
-
N

B o N 2

32 &l Sy

% 54 3mm, 4mm, Smmo| A Fig. 33 29|
Fixed support 3} 315753} 4d(Natural Frequency
Analysis)oll 4 Mode 1x}3E] 621714 9] JAFRE
of tidte] 4o Hu WHLAFE =&EsIed
A} ke Table 59 2t}

IFRFANAE 3 A, 6xtA e WF RE
oAl 601Hz oW LAHAFS & F AU

FA ZANA I F M-S AAS Table
404 HiEntel o] =y xIFd Hu 601Hz
& Jhete] e w2 xEa iyl uisiA 24
SRS FHE 3mm ZH Yol Al Fig. 12014 REent
9} Fo] HFS 213.57HzOl A 234.16mmE ] th 2]
WO BYow A4 FFFe 213.57Hzol

=3 FH 4mme 7§ Fig. 139149 Zo] A
F 310.5Hzol A2 234.16mmE Hthe] HAES
2ed ¥ dFgE 3105Hz0|t a8ln F
B smme] ZH YoM = Fig. 149 To] AF4
341.03HzoN A1 2] 149.39mm Hule] WHLE R
¥ HFFE 341.03Hz] )

wA FH 3mme ZF Yol smEo 9
5F7F 213.57THzE2 Eof XFell gk 4ol
7 ekghe d g ATk AHAAE TR A=
of Wl HoA & woE Fo AgdE AF
< @ =77 AsiA 3] BE Foll A W gl

Table 4 Vibration analysis and deformation on thickness

Frequency(Hz) Deformation(mm)
Mode

3mm | 4mm | Smm 3mm 4mm Smm
1 196.798 | 96.8 |96.805| 54.023 | 54.024 | 54.024
2 196.812[96.815|96.816 | 54.026 | 54.026 | 54.026
3 199.474 | 139.04 | 149.56 | 62.284 | 63.732 | 64.18
4 128.1 | 167.37 | 179.4 | 63.292 | 65.025 | 65.623
5 1213.57 | 310.5 | 341.03 | 234.16 | 170.09 | 149.39
6 |501.09|593.16 | 601.88 | 34.766 | 127.92 | 54.075
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Fig. 12 Frequency response of tube frame(3mm)
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Fig. 13 Frequency response of tube frame(4mm)

0.15684

5.184e2

1.7136e-2

5.6642¢-3

1.8723e-3

6.1887e3 ¥

Amplitude(MPa)

2.0457e-4

6.7618¢-5

2.235¢-5

97.68 200 300 400 500 600
Frequency(Hz)

Fig. 14 Frequency response of tube frame(5Smm)
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