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Operational Support System of Manual-operating Flexible Robot Arm for Object Transfer
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Abstract

In this paper, we report on the configuration of an operational support system that does not vary with different objects
to be transported, assuming that a human operator manipulates a robot arm to transport an object. In general, manual-
operated robot arms tend to seek high work efficiency, and high operational skill is required for tasks involving high-
speed movements. However, there are problems in training skilled operators, such as the long training period. In this study,
the operational support system that enables a beginner operator to manipulate the robot arm and efficiently transfer an
object was constructed using the p-synthesis method, a robust control system design method. The effectiveness of the
configured control system was verified through transport task experiments with beginner operators, and it was confirmed

that the performance of the system was equivalent to that of skilled operators.
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Figure 1 System configuration
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Figure2 Frequency responses of robot arm model
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Table 1 Changes in vibration mode frequency

0 [g] 300 [g] 600 [g] 1000 [g]
1* mode [Hz] 4.19 1.89 1.41 1.10
2 mode [Hz] 26. 37 20. 47 19. 45 18. 41
3 mode [Hz] 73.01 62. 66 58.53 51. 92
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Figure3 Generalized plant
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Table2 Results of operating experiment
Case 1 Case 4
Tester Task Time[s] Task Time [s]
No. 1 2 3 4 5 Ave. 1 2 3 4 5 Ave.
9. 28 9.29 8. 56 9.37 7.93 8.89 ] 28.56 | 28.93 | 22.63 | 22.09 | 23.96| 25.23
10.48 | 10.70 9.90 9.33 8.83 9.84] 26.52 | 23.88| 23.86| 23.70 | 24.28 | 24.45
10.25 | 11.27 | 10.22 9.28 9.76 | 10.16| 22.90 | 24.00 | 24.40 | 21.50 | 21.35| 22.95
7.54 7.58 7.73 7.61 7.47 7.59 ) 19.65| 17.88| 19.23 | 16.94| 17.00 | 18.14
12.60 | 11.30 | 10.50 | 10.68 9.96 | 11.01| 23.94| 27.88| 29.80 | 28.43 | 29.95| 28.00
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