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A Multi-objective Internal Preload Optimization Method of Redundantly Actuated
Parallel Robots Based on Variable Impedance Control

LIANG Xu' SU Ting-Ting® HOU Zeng-Guang® LIU Sheng-Da® ZHANG Jie'! HE Guang-Ping'

Abstract Due to the existence of redundant actuation, the inverse dynamics model of the robot system has an in-
finite set of control torque solutions that can track the desired trajectory, which makes the redundantly actuated
parallel manipulators capable of completing additional tasks during operation. In order to realize safe and precise
operation of orthopedic robot, a multi-objective internal preload optimization method of redundantly actuated par-
allel robots based on variable impedance control is proposed in this paper. First, the dynamics of redundantly actu-
ated parallel manipulator is modeled by using the branch chain decomposition method. Second, in order to realize
safe operation, a time-varying impedance controller for redundantly actuated parallel robot is designed, and the sta-
bility of the robot system is analyzed by using the Lyapunov theory. On this basis, a multi-objective fusion internal
preload optimization method is proposed, which takes torque transmission performance, driving power and control
force as optimization objectives, to eliminate the backlash during the movement of redundantly actuated parallel ro-
bot. Finally, the effectiveness of the proposed method is verified through simulation experiments and comparative
analysis, and the backlash of the robot system is eliminated.
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Fig.2  The control block diagram of the proposed method
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Table 1  Physical parameters of redundantly actuated parallel robots
mi1 mi2 li1 li2 Ti1 Ti2 Iin = miry Liz = miari,
2.0 kg 2.0 kg 0.50 m 0.60 m 0.25 m 0.30 m 0.125 kg - m? 0.180 kg - m?
1.0 3

<
o

Positions in Cartesian space /m
o
~

0.6
0.5
0.4 : : : . .
0.5 1.0 1.5 2.0 2.5 3.0
Time /s

(a) HLAF AR i 7 BB I 1) 22 4k il 2
(a) Time responses of the position of the robot
1.00

0.95r
0.90 r
0.851
0.80 1
0.75
0.70
0.65
0.60 r

0.55
0.45

The y coordinate in Cartesian space /m

0.55 0.65 0.75 0.85
The z coordinate in Cartesian space /m
(b) Hlas AR HwmiZ 2 i 14
(b) The movement path of the robot
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B3 ML A AR B 2k

Angular positions /rad

Angular velocities /(rad/s)

—-—Desired joint 1
—-— Desired joint 2
—-— Desired joint 3

Desired joint 4
—-—Desired joint 5
—-— Desired joint 6
— Actual joint 1
—— Actual joint 2
—— Actual joint 3

Actual joint 4
— Actual joint 5
—— Actual joint 6

K 4
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Time /s

BLES N5 2% () (o B Hh 2

Fig.4 Position curve of the robot in joint space
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Desired joint 2
—-—Desired joint 3
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Actual joint 2
— Actual joint 3
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—— Actual joint 5
—— Actual joint 6
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Fig.3

Position curve of the robot in cartesian space
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Fig.5  Velocity curve of the robot in joint space
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Fig.6 Internal preload optimization parameter curve

when s = (1,1, 1)
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Fig.7 Torque curve of the robot in joint space

when s = (1,1, 1)
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Fig.8 Internal preload optimization parameter curve

when s = (-1, -1, —1)
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Fig.9 Torque curve of the robot in joint space
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Fig.10  Position error curve of the robot of the pro-

posed method and the fixed impedance control method
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Fig.11 Interaction force curve of the robot of the pro-
posed method and the fixed impedance control method
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Fig.12 Torque curve of the robot in joint space based Fig.13 Torque curve of the robot in joint space without

on time-varying impedance control method
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the multi-objective weighted normalized optimization
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Table 2 Comparison and analysis of the error of the proposed method
HIZE (m) e (m) de (m/s) Feo (N) . (m) d, (m) RMSE (m) JRMSE (rad)
A (34) [0.03 —0.02]" [0.10 —0.10]" X (33) 0.0148 0.0090 0.0217 0.1141
=X (37) [0.03 —0.02]" [0.10 —0.10]" = (33) 0.0148 0.0090 0.0217 0.1113
3 (34) [<0.02 0.01]" [<0.05 0.05]" 3 (33) 0.0123 0.0069 0.0176 0.0954
3 (37) [—0.02 0.01]" [—0.05 0.05]" X (33) 0.0123 0.0069 0.0176 0.0835
i (34) [0.05 —0.03]" [0.20 —0.15]" X (33) 0.0193 0.0110 0.0294 0.1508
1 (37) [0.05 —0.03]" [0.20 —0.15]" 2 (33) 0.0193 0.0110 0.0294 0.1708
3 (34) [0.03 —0.02]" [0.10 —0.10]" X (38) 0.0107 0.0055 0.0166 0.0809
=X (37) [0.03 —0.02]" [0.10 —0.10]" = (38) 0.0107 0.0055 0.0166 0.0927
2 (34) [0.03 —0.02]" [0.10 —0.10]" 1 (39) 0.0092 0.0054 0.0161 0.0770
=X (37) [0.03 —0.02]" [0.10 —0.10]" = (39) 0.0092 0.0054 0.0161 0.0898
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