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Load Adaptive Force-free Control for the Direct Teaching of Robots
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Abstract: Comparing with the direct teaching robots with a multi-dimensional force sensor mounted on the end-effector,
the robots based on the information from the joint torque sensors, have wider accessible area and are superior in security.
But when facing complex tasks with variable loads, the teaching efficiency is constrained, and also affected by the friction
force, the gravity and the inertia force on the robot itself. Therefore, a force-free control method is proposed. Firstly, the
dynamic model of the flexible-joint manipulator is introduced as the controlled object. The influences of the friction force
and the inertia of the motor are analyzed, as well as the gravity of the manipulator in the process of direct teaching. Then,
its parameters are identified using QR decomposition and least squares theory to accurately compensate the gravity of the
robot. Furthermore, a variable-load adaptive force-free control method is proposed to solve the model parameter change
problem caused by replacing the end effector or grasping an object. Finally, experiments are carried out on the self-developed
7-DOF cooperative robot platform. The maximum calculation error of the model is less than 4% of the joint rated torque,
after identifying the gravity parameter of the robot itself. In the experiment of single joint force traction, the moment is
reduced from about 13 N-m to about 2 N-m by adjusting the force-free control parameters. In robot traction experiment with
the variable load, the controller can update the model parameters within 10s. The experiment results show that the control
method can help operators to drag the robot easily for an accurate and efficient direct teaching in the case of the load changes.
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Tab.1 (Appendix) Sampling data of parameter identification
KF1 KA2 K3 K4 XI5 KiT6 K7 RKI1 K2 K3 K4 XI5 XKiTe K7

MR M FNE MNE IR MR AUE E N JUE E N JUE 0
) ) ) ) ) ) ) /) /N-m) /Nm) /Nm) /Nm) /Nm) /N-m)
10 0 0 10 10 10 15 0 —4.83 0 —5.200 0241 —1.340 0
5 0 0 20 20 20 32 0 —9.81 0 -9.960 0.395 -2.570 0
40 0 0 30 30 30 56 0 —14.20 0 —15.014 0.769 —-3.252 0
23 0 0 40 40 40 9 0 —17.72 0 —17.797 1.164 —3.669 0
37 0 0 50 50 50 50 0 —20.06 0 —20.507 1977 -3.361 0
46 0 0 60 60 60 30 0 —21.67 0 —22.192 2724 —-2.768 0
57 10 0 10 10 10 70 0 —17.72 0.073 —9.448 0417 -1.977 0
12 20 0 20 20 20 20 0 —34.27 0.146 —18.237 0.681 —3.383 0
32 30 0 30 30 30 12 0 —46.72 0.512 23217 1230 -3.691 0
36 40 0 40 40 40 5 0 —55.81 0.878 —26.220 1.977 -3.010 0
41 50 0 50 50 50 78 0 —60.79 1538 —24.536 2.658 —1.340 0
46 60 0 60 60 60 13 0 —62.10 2.270 —-20.800 2.922 0.571 0
51 10 10 10 10 10 22 0 —17.72 0.146 —9.008 0.46 —1.889 0
37 20 20 20 20 20 15 0 —33.25 1245 —-16992 0.813 —3.164 0
11 30 30 30 30 30 9 0 —44.82 3.881 —21.606 1.604 —3.186 0
28 40 40 40 40 40 30 0 —52.00 7.983 —22.851 2570 -—2.131 0
95 50 50 50 50 50 50 0 —55.07 12.817 —-20.581 3.405 —0.483 0
100 60 60 60 60 60 22 0 —55.07 17.065 —16.626 3.603  0.922 0




