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An experimental study on vibration characteristics of passive vibration control device

for wheelchair using a magnet-spring with Duffing’s equation type
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In recent years, the welfare vehicles that can carry a wheelchair are increasing and they will increase further. A passive vibration control
device for wheelchair using a magnet-spring with Duffing’s equation type is proposed. A composite spring that consists of nonlinear
magnet-spring and linear metal spring is made. Using the composite spring, the passive vibration control device, which reduces the vibration
of near resonance frequency of internal organs, is made. In this study the new passive vibration control device for wheelchair using
magnet-spring is compared with the state that locked device. The vibration is measured by acceleration pick-up and the internal condition of
a person on the wheelchair is analyzed, based on chaos theory, from fluctuations of a fingertip capillary pulse. The internal condition of the
person is newly judged from constants of power and Lyapunov number that are calculated from capillary pulse change. The new passive
vibration control device using magnet-spring can reduce the vibration from welfare vehicle floor and mitigate mental fatigue of the person on
the wheelchair.
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Fig.1 A passive vibration control device for wheelchair
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Fig.4 Force-displacement characteristics of magnet-spring unit
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Fig.5 Comparison of force-displacement characteristics of

various composite springs

Table I Spring constants of various composite springs

Spring constant [N/mm]| Weight range [kg]
Type 0 0.0 65
Type 1 15.4 48~73
Type 2 17.8 48~79
Type 3 19.3 49~81
Type 4 25.5 58~99

2-4 BMENEEHE

X6 T ATFHRERE O & o SEEOMERTH S, Vs
B TR Y | IREENEHKT S & 4 v ORI
ROBHEE 2> T D, BT IR OB - 478
DEFLOMBEK T V) . T SIS CHEEIE IR &
Do AW TR o3 F R A~D D AT, # 1
T —EHE 0.01[m/s] THIHE Y, [EMMER LIm L X 0%
AL WRNIER2IIRT,

Upper frame

l Compression

Lower frame

Fig.6 Side view of damper
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Fig.7 Displacement of damper and device

Table 2 Damping forces of various dampers

Damping force[N] at the speed of 0.01[m/s]
Compressive test Tensile test
Damper A 1 26
Damper B 12 29
Damper C 18 20
Damper D 25 24
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Fig.8 Schematic diagram of sinusoidal excitation test
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Fig.9 Schematic diagram of random excitation test
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Fig.10 Lissajous figures of various composite springs
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Fig.11 Comparison of dynamic spring constant for various

composite springs
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Fig.12 Comparison of damping ratio for various

composite springs
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Fig.13 Comparison of vibration transmissibility for

various dampers
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Fig.15 Frequency analysis of Lyapunov number constants
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