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Fig. 1 Experimental system for the reciprocal-motion experiment.
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(triangle waveform) (trapezoid waveform)
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(e)  Velocity-variation based pattern
(sinusoidal waveform)
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Fig. 2 The details of sample movements.
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Table 1 The parameters of sample movements.

(a) Angle-variation based pattern (b) Angle-variation based pattern
(triangle waveform) (trapezoid waveform)
0, [deg] T[s] 0, [deg.] T[s]

52.2 0.8 1.2 54 1.2 1.8

54 0.8 24 55.8 1.2 3.6

106.2 1.6 24 108 24 3.6

108 12 438 109.8 1.8 7.2

162 1.6 3.6 163.8 24 54

162 2.4 7.2 163.8 3.6 10.8

(c) Velocity-variation based pattern (d) Velocity-variation based pattern (e) Velocity-variation based pattern
(triangle waveform) (trapezoidal waveform) (sinusoidal waveform)
Vo [min''] T[s] Y, [min’'] s Vu[min™] T[s]
105.0 0.40 84.00 0.48 150.0 0.30
141.7 0.54 105.0 0.60 150.0 0.40
178.5 0.68 126.0 0.72 150.0 0.50
90.00 0.48 67.50 0.54 120.0 0.40
120.0 0.64 86.25 0.69 120.0 0.56
150.0 0.80 105.0 0.84 120.0 0.72
67.50 0.96 54.00 0.72 90.00 0.40
92.25 0.82 67.50 0.90 90.00 0.70
117.0 1.04 81.00 1.08 90.00 1.00
40.50 1.08 30.00 1.20 60.00 0.48
54.00 144 39.00 156 60.00 0.96
67.50 1.80 48.00 1'92 60.00 1.44
29.25 1.56 22'50 1.80 30.00 1.00
38.25 2.04 28.12 2'25 30.00 2.00
47.25 2.52 33'75 2'70 30.00 3.00
13.50 3.60 9 600 3'60 15.00 2.40
17.25 4.60 1'2 00 4'80 15.00 4.00
21.00 5.60 1 ’ ’ 15.00 5.60
5700 7.60 500 6.00 7500 | 320
7.500 100 4.500 9.00 7500 | 620
9.300 12.4 5700 1.4 7.500 9.20
6.900 13.8
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Fig. 3 The scales used for the

reciprocal-motion experiment.
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Fig.4 The general view of the

reciprocal-movement experiment.
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Table 2 The result of factor analysis.
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F5E 49.54% 32.43% 7.371%
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Fig. 5 Experimental system for the

transportation-motion experiment.
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Fig. 6 Waveforms in sample movements.
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Fig. 7 Waveforms of angle variation.
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Table 3 The parameters of

sample movements.

al[deg/s’]

TTs]

A B C D E
0.5 979.2  489.6 0 -489.6 -979.2
1.0 2448 122.4 0 -1224 -24438
1.5 108.8  54.40 0  -5440 -108.8
2.0 6120  30.60 0  -30.60 -61.20
2.5 39.17  19.58 0  -19.58 -39.17
3.0 2720  13.60 0  -13.60 -27.20
35 19.99  9.992 0 -9.992 -19.99
4.0 1530  7.650 0  -7.650 -15.30
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Fig. 8 The scales used for the

transportation movement experiment.
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Fig. 9 The general view of the

transportation movement experiment.
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Fig. 10 Relationship between rating scale

value and operating time.
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Table 4 Test of correlation coefficient.

Speed r=—0885 t=-11.73 |ttt O
Pleasantness r=—0.585 t=—4.447 it O
Interest r=-—0.532 te=—3.870 |t O

t (n—2,0.05) = 2.024 (significance level:5%) t = rm/m
t (n—2,0.05) = 2.712 (significance level:1%)

n: number of samples (n=40), r: correlation coefficient
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