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Phase Portrait Analysis-Based Safety Control for Excavator

Using Adaptive Sliding Mode Control Algorithm
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Abstract: This paper presents a phase portrait analysis - based safety control algorithm for excavators, using
adaptive sliding mode control. Since working postures and material types cause the excavator's rotational inertia
to vary, the rotational inertia was estimated, and this estimation was used to design an adaptive sliding mode
controller for collision avoidance of the excavator. In order to estimate the rotational inertia, the recursive
least-squares estimation with multiple forgetting was applied with the information of the swing velocity of the
excavator. For realistic evaluation, an actual working scenario - based performance evaluation was conducted.
Based on the estimated rotational inertia and an analysis of estimation errors, sliding mode control inputs were
computed. The actual working scenario - based performance evaluation of the designed safety algorithm was
conducted, and the results showed that the developed safety control algorithm can efficiently avoid a collision

with an object in consideration of rotational inertia variations.

715 MH 0., : swing angle, rad
J, : total rotational inertia, kgm’
0 : estimated value b : damping coefficient, Nm/rad
Y : regressor T

sw

: swing torque, Nm

7, : total torque, Nm
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C' : clearance, m

V' : Lyapunov candidate function

} : frictional torque, Nm

o : sliding variable
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