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Development of Joint Controller and Collision Detection
Methods for Series Elastic Manipulator of Relief Robot
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Byung-jin Jung!, Tae-Keun Kim?, Geon Won®, Dong Sup Kim*, Junghun Hwang '

Abstract: This paper deals with the development and application of control algorithms for series
elastic relief robots for rescue operations in harsh environment like disasters or battlefield. The joint
controller applied in this paper has a cascade structure combining inner loop for torque control and
outer loop for position control. The torque loop contains feedforward and feedback controller and
disturbance observer for independent, decentralized joint control. The effect of the elastic component
and motor dynamics are treated as the nonlinear disturbance and compensated with the disturbance
observer of torque controller. For the collision detection, Band Designed Disturbance Observer is
configured to recognize/respond to external disturbance robustly in the continuously changing
environment. The controller is applied to a 7-dof series elastic manipulator to evaluate the torque

tracking and collision detection/response performance.
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[Fig. 1] Structure of Series Elastic Actuator Module
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[Fig. 2] Schematic of joint controller. (a) Impedance Controller,
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[Table 1] Maximum Frequency Boundary of Estimation Error
Caused by Modeling Error

DoF Frequency Boundary of Modeling Error
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[Fig. 3] Series elastic manipulator used for the experiment

[Table 2] Specification of 7-dof Manipulator

DoF 7
Weight 25kg
Payload 7kg
Joint 1, 2 18.5 RPM
Rated
) Joint 3, 4 30 RPM
Velocity -
Joint 5, 6, 7 30 RPM
Joint 1, 2 108 Nm
Rated
Joint 3, 4 44 Nm
Torque -
Joint 5, 6, 7 19 Nm
Joint 1,2 100:1
Gear ratio Joint 3, 4 100:1
Joint 5, 6, 7 100:1
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