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Fig.1.1 Power assist device for industrial site (Ikeura et al.)
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Fig.1.2 Skill assist device (Yamada et al.)
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Fig.2.2 Example of operational information of human
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Fig.2.3 Human lifting operation leading to discomfort (Lift force and Velocity)
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Fig.2.4 Human lifting operation leading to discomfort (Lift force Differential)
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Fig.3.2 Picture of the experimental device
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Fig.3.3 Force sensor (9E01-L44-50N)
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Fig.3.5 Force applied to the object not on the desk
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Table 3.1 Parameter of experimental model
Parameter Symbol Unit
Lift force Jn N
Position X m
Assist force fa N
React force R N
Mass of device m kg
Target mass mq kg
Gravitational
g m/s?
acceleration
fo=(E-1)f 3)
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0=fa+fn—mg+R “4)
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0= fo—mgg +-2R (5)
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Fig.3.6 Block diagram of control system
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Fig.3.8 Reaction force and lift force
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Table.3.1 Experiment order

Mass
1000g 800g 600g
Metronome
80BPM 1 2
100BPM
120BPM
140BPM 10 11 12
Mass
1000g 800g 600g
Metronome
80BPM 12 11 10
100BPM
120BPM 6 5 4
140BPM 3 2 1
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Fig.3.9 Instruction by metronome
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Fig.3.10 Instruction by target line
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Table.3.2 Ratio of high sound

Metronome Ratio of high sound
80BPM 1of3
100BPM 1of3
120BPM lof4
140BPM 1lof5b
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Condition Operationl— 2 —(3) Save Condition
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o

Operationl — 2 —@ Save

Fig.3.11 Procedure of changing experimental condition
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Fig.4.1 An example of waveform of human lifting operation
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Table.4.1 Constant value(a and b) in equation (8)
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