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Abstract: A personal mobility withstanding function for the disabled and wulnerable groups with difficulties in
mobility was developed and structural and dynamics analysis was conducted. Personal mobility devices are a very
helpful means of transportation for the disabled and vulnerable groups. In addition, the standing function allows
individuals to perform a difficult task in while seated and offers a medical advantage to the user. In this study, a
personal mobility device was designed and developed to help vulnerable groups and disabled people overcome
limited mobility, and communicate with the general people at eye level through standing functions. Through
structural and dynamic analysis, the structural safety, optimal speed during rotation, and lateral acceleration of the
personal mobility device was analyzed. The analysis results are expected to contribute to the improvement of the

users’ convenience and stability of personal mobility.
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Fig. 2 Prototype of personal mobility (a) Seating
mode (b) Standing mode
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Table 1 Specification of personal mobility

Length 1074.16mm
Height 933.84 ~ 1127.55mm
Width 735.60mm
Seat height 546.55mm
Front Wheel 282.10mm(Diameter)
Rear Wheel 457.20mm(Diameter)
Weight 109.7kg
Battery 25.2V, 21Ah
Motor 24V, 500W BLDC
Actuator 24V, 4000N, Stroke 150mm(8mm/s)

Backrest Joint
4-bar Linkage
Chair Frame
Actuator
Descending Rail
Standing Rail

Fig. 3 Standing function using 4-bar linkage
mechanism
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Fig. 4 Free body diagram of wheel
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Table 2 Property of materials

SUS304 Aluminum Alloy
Density 8000(kg/m®) | 2705(kg/m™)
Young’s Modulus 195GPa 68.9GPa
Poisson’s Ratio 0.29 0.33
Yield Strength 205MPa 75.8MPa
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Fig. 5 Side view of each mode

Fig. 6 Boundary condition(Bonded, Fixed)



Fig. 7 Boundary condition(Force)
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Fig. 8 Structural analysis result(Seating mode -
SUS304)

Fig. 9 Structural analysis result(Standing mode -
SUS304)

Table 3 Deformation and stress(SUS304)

Seating mode Standing mode

Deformation 1.1611mm 2.7957mm
Stress 144.58MPa 190.69MPa
Safety Factor 1.42 1.08

3.3 Aluminum Alloy A =2| si4 Z =}

Aluminum Alloy®] =45 283E ol A =
7F8-#(Von-Mises Stress)2 Z} Modeo| 4] Main Frame
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Table 4 Deformation and stress(Aluminum Alloy)
Seating mode Standing mode
Deformation 2.9858mm 7.0278mm
Stress 126.34MPa 169.11MPa
Safety Factor 0.60 0.45
caol - 7e= 2021 12 39
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Table 5 Relationship between rad/s and RPM, km/h

rad/s RPM km/h

4.0 38.197 3.291

4.5 42.972 3.702

5.0 47.746 4.114

5.5 52.521 4.525

6.0 57.296 4.937
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Fig. 11 Trajectory and radius of rotation according
to wheel speed
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Table 6 Radius of rotation, speed, lateral acceleration
according to each wheel speed

Right Wheel | Radius of Lateral
. Speed .
Speed rotation (km/h) acceleration
(rad/s) (mm) (m/s2)
4.0 1755.7 4.01 0.085g
4.5 22872 422 0.070g
5.0 3555.6 442 0.054g
5.5 7413.7 4.62 0.046g
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