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Design of Contact Force Impedance Control System for
Flexible Joint Robot Arms

BI Mengying
(China Airborne Missile Academy, Luoyang 471000, China)

Abstract: The robotic arm joint has, the characteristics of flexibility, complex and variable contact forces, with nonlin-
ear impedance factors presented in the system. The traditional tracking control method for a single force signal is too rigid,
making it suitable for complex and variable contact force environments, thus resulting in a poor control effect. Therefore, a
contact force impedance control system for flexible joint robotic arms is designed, With a robotic arm servo controller presen-
ted, this paper adopts a dynamic impedance parameter and contact force position control strategy and combines a nonlinear
impedance model with a dual-loop control architecture, achieving a compliant interaction. The end joint trajectory generator
is encapsulated as a Simulink module through a linear planning program, meeting the requirements of flexibility and dynamic
optimization to ensure a precise control. A magnetic induction-based torque sensor is used to measure an end force/torque in
real time, supporting fine operations. The LLagrange equation is employed to decompose the contact force and compensate for
the flexible deformation, analyze stress distribution and impedance effects, and then dynamically adjust the parameters. An
particle swarm optimization algorithm is introduced to optimize force control performance and balance a contact force and po-
sition. By the dual-loop impedance control of tracking the force signal, suppressing the disturbance in the inner loop, and
correcting the force intensity in the outer loop, external force impacts are buffered to ensure trajectory accuracy, ultimately
achieving high-precision force/position tracking control. Experimental results show that the designed system can effectively
balance the position errors of joint force points in the X-axis and Y-axis directions, thereby avoiding a significant numerical
fluctuation in the robotic arm’s contact force load and achieving a favorable control effect.

Keywords: articulated robotic arm; flexible contact force; impedance effect; servo controller; load intensity; particle

swarm optimization
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