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Abstract: The industrial manipulator has a certain dependence on the environmental stiffness information in contact
tasks such as grinding and polishing. The unknown environmental stiffness information will seriously affect the force
and position control accuracy of the robot, making it difficult to guarantee the operation effect. In order to solve the
problem of precise force/position control in the case of insufficient or unknown environmental information, a new online
estimation method of adaptive environment stiffness is firstly proposed in this paper, which can estimate the time-varying
environmental stiffness in real time, and then predict and generate subsequent reference trajectory points of the manipulator.
Then, a variable stiffness admittance constant force control method is proposed to adjust the stiffness coefficient of the end
tool hand in real time according to the force tracking error, and the convergence proof of the overall control law is given
combined with the Lyapunov stability theory. The experimental research is carried out on two kinds of rigid and flexible
end tool hands and a variety of different surface workpieces, and compared with the traditional PID control method and the
traditional admittance control method. The results show that the composite control method proposed in this paper can be
used in different work The rapid and compliant adjustment of the contact force during the robot motion is realized under the
condition of the robot, and the optimal force control error effect within 4.55% is obtained, which proves the effectiveness
and feasibility of the method proposed in this paper.
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Table 2 Experimental results of constant force control of planar workpiece
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Table 3 Experimental results of constant force control of cambered workpiece
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Fig. 14 Constant force control error curves of curved

workpiece under rigid tool hand
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workpiece under flexible tool hand
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Table 4 Experimental results of constant force control of workpiece with drawn surface

FMTAT WiE T BT
A . AFRIEE B & . . AR B iE
5 Seahfz & Syl
PID¥EH| Sz Iy PID¥EH| Sz [reye
TR ERKE/N 1.78 1.54 1.48 1.92 1.64 1.50
TR ZE R/ MEN —1.58 —1.56 —1.46 —1.66 -1.52 —1.42
FIRERZEYTHRRMSE/N - 0.5023 0.4702 0.4355 0.5199 0.4747 0.4546
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