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Experiment research on hysteresis measurement of the small-size
joint of service robot
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Abstract : As the core component for robot posture control, small-size joints have a direct influence on the robot performance. Hysteresis is
a key index characterizing the transmission precision of small-size joint. Hysteresis measurement and evaluation are the foundation for
improving the performance of small-size joint. Up to now, the hysteresis measurement of small-size joint is performed mainly based on its
main component—reducer. Little research has been done on the overall hysteresis of the small-size joint. In order to investigate the
generation mechanism of total hysteresis of small-size joint and its basic law, an experiment study on the overall hysteresis of the small-size
joint was conducted based on the developed tester. Based on the analysis on the structural composition of small-size joint, the composition
of total hysteresis and the measurement model, 4 dynamic measurement experiments on small-size joints A, B and C were conducted. It is
found that the geometric hysteresis and elastic hysteresis are the main factors influencing the total hysteresis of the joint. The revolution
speed has less influence on the total hysteresis than elastic deformation. Under the conditions of the same load and different revolution
speeds, the difference of the measurement results is 0. 05°. It is also found that under certain condition, the dynamic hysteresis and load of
the joint show an approximate linear relationship. Finally, a static measurement experiment on the total hysteresis of the joint was
conducted, and the result was compared with that for dynamic measurement experiment. It is found that the static measurement result is less
than the dynamic measurement result, and the difference is about 0. 1°. The experiment study on the total hysteresis measurement of small-
size joint in this paper lays a solid foundation for establishing the overall quality evaluation system facing to small-size joints.
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Table 1 The parameters of various gear pairs of the reducer of the small-size joint
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Fig.2  Small-size joint reducer structure
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Fig.3 The comprehensive performance tester for the

small-size joints of service robot
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Fig. 6 Dynamic measurement hysteresis curve
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Table 2 Technical parameters of small sized joints
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Table 3 Experiment conditions and results
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Fig.9 Dynamic hysteresis curve of small-size joint C
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Table 4 Experiment conditions and results

e A LA i 4 k=1 T
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Fig.15 Dynamic hysteresis curve of small-size joint

B under different speeds and mean fluctuation diagram
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C under different speeds and mean fluctuation diagram
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Table 6 Experiment conditions and results
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Fig.17 Dynamic hysteresis curve of small-size joint
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C under the load of 0. 6 Nm and different revolution speeds
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Table 7 Experiment conditions and results

i 36° 72° 108° 144° 180° 216° 252° 288° 324° 360° ¥)E
MH 1 1.24° 1.26° 1.22° 1.36° 1.39° 1.41° 1.35° 1.33° 1.27° 1.33° 1.316°
WM 2 1.23° 1.27° 1.23° 1.34° 1.41° 1.43° 1.33° 1.33° 1.28° 1.31° 1.316°
M 3 1. 24° 1.27° 1.21° 1.35° 1.38° 1.39° 1.34° 1.33° 1.28° 1. 36° 1.315°
M 4 1.22° 1.27° 1.24° 1.33° 1.39° 1.41° 1.34° 1.36° 1.26° 1.35° 1.317°
Mt 5 1.23° 1.26° 1.22° 1.35° 1.42° 1.41° 1.33° 1.34° 1.26° 1.33° 1.315°
&= 0.02° 0.01° 0.02° 0.03° 0. 04° 0. 04° 0.02° 0.03° 0.02° 0. 05° 0. 02°
Bl 1.23° 1.27° 1.22° 1.35° 1. 40° 1.41° 1.34° 1.34° 1.27° 1.34° 1.32°
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