A study on vibration control of physiological
tremor using dynamic absorber
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A Study on Vibration Control of Physiological Tremor using Dynamic
Absorber
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In the present study, mitigation of an intrinsic vibration in human limb called physiological
tremor is investigated. The tremor is observed in most human arms even at physically well condition
that is derived from excessive stress or chills, therefore, it may cause anyone bad effect on precise
operation such as welding and surgery. In this study experiments are performed where the
transcription task is imposed on subjects whose wrists are equipped with the dynamic absorber
attenuating the tremor in their hands. Good results are obtained where the tremor is reduced to
approximately tenth compared with the case without damper. Furthermore, the numerical model of
human limbs is introduced, where the tremor is induced by van der Pol type self-excited vibration
mechanism. It is also shown that the dynamic absorber can attenuate vibration in human arm despite

the intrinsic nonlinearity.
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Tablel Classification of tremor

Physiological tremor | Pathological tremor
Resting | Essential tremor Parkinson tremor
tremor | (About 10Hz) (About 4Hz)
Motion | Fatigue tremor Cerebellar tremor
tremor | (About 5Hz) (About 4Hz)
Accelerometer Amplifier
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Fig.1 Posture of measurement
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(b) Freguency characteristic
Fig.2 Measured tremor acceleration
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Table2  Characteristic of Exciter
Radius of eccentric weight 3.5mm
Mass of eccentric weight 509
Total mass 3609
Amplifier Accelerometer Exciter
[eXe] L‘\\ )
et

Controller |ee ©

FFT analyzer
Fig. 3 Tremor amplification using exciter
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(b) Frequency characteristic
Fig4 Amplified tremor acceleration by exciter
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Fig.5 Dynamic absorber for human wrist
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Fig. 6 Experimental setup for the damping of tremor
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Fig. 7 Tremor evaluation system for tracing task
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Fig.8 Acceleration measured at forefinger
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Fig.9 Depiction of circle on display
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(c) Magnified time scale for both cases
Fig. 10 Time scale expansion of circle trace
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Fig. 11  Comparison of tremor reduction among subjects
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Fig. 12  Analytical model of tremor in human forearm
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Table3 Parameter used in the analytical model

Primary system (forearm)

Mass m | 1.56kg
Offset from rotation center [, |0132m
Inertia moment I | 00412 kgm?
Damping coeff. ¢ | 05Nmsfrad
Distance of elbow and radii r | 005m
Stiffness of muscle ki | 2200 N/m
Nonlinear oscillator
Coupling coeff. of oscillators a; | 0.0001

Coupling coeff. of oscillator and muscle | a; | 04

Sensitivity factor of sensor b, | 05
Coupling coeff. Of sensor and oscillator | 8; | 500
Nonlinear parameter g | 06
Natural frequency of oscillator w; | 56.5radls
Dynamic absorber

Mass my | 0.04kg
Stiffness kg | 1579 N/m
Damping coefficient C; | 0.025 Ns/m
Distance from elbow l; 1023m

(M2 4+ 1,5+ O = (= Fy 4 Fy) o )
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(b) Force generated by oscillators
Fig. 13 Numerical results of forearm tremor excited by
nonlinear oscillators
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(b) Displacement of dynamic damper
Fig. 14 Numerical results of forearm tremor when the
dynamic damper is attached
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