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Abstract: Aiming at the difficulty of real-time control of 6-DOF redundantly actuated parallel mecha-
nism, the coordinated relation of displacement input was studied for Stewart derivative topological
configuration with analytical positive solution. Six low-coupling driving modes with different redun-
dancy were realized by designing double composite spherical pair and convertible master-slave output
prismatic pair. According to the scale constraints between the four positions on the moving platform,
a forward kinematics algorithm with whole analytical solutions was constructed, and the correctness
of the forward displacement solution model was verified. Six compatibility equations of displacement
input were derived and simplified. The numerical solutions of the compatibility equations were ob-
tained by using Newton-Raphson method and Broyden method respectively. The comparison results
show that the computing time of Broyden method is about 78% of that of Newton-Raphson method
and the accuracy of Newton-Raphson method is at least three times higher than that of Broyden meth-
od. The influence of various driving modes on the redundant coordination algorithm was studied from
two aspects of admissible initial deviations and structural parameters. The results show that the re-
dundant coordination algorithm has larger admissible initial deviations with the increase of the side
length of the moving platform and the decrease of the initial length of the prismatic pair. Further-
more, introducing and defining the perturbation adaptive performance evaluation index based on inter-
val analysis theory, the optimal redundancy of the mechanism is calculated to be 5 and the comprehen-
sive perturbation adaptive performace of Broyden method is 1. 27 times better than Newton-Raphson
method. Finally, combined with the numerical performance, the three selection principles for the
driving mode optimization of the Stewart derivative parallel mechanism is given. The research scheme
can provide reference for structure model optimization and real-time control of 6-DOF redundantly ac-
tuated parallel mechanism.

Key words: parallel mechanism; forward displacement solution; compatibility equation; structural pa-

rameter; admissible initial deviation
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Fig. 7 Flow chart of the two iterative algorithms
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Tab.4 Accuracy comparison of numerical results of the compatibility equations

A SRS HEHI{E/ mm 4 {H/mm HAXF R 22/ %%
L N-R 26. 865 023 577 927 797 26.865 023 577 541 393 1.438%10 °
Broyden 26. 865 023 577 927 797 26. 865 023 587 874 997 3.703X1078

Ly N-R 23.922 647 230 267 636 23.922 647 230 455 837 7.867X1071
Broyden 23.922 647 230 267 636 23.922 647 229 554 58 2.981x10 °

I N-R 26.585 688 937 020 32 26.585 688 936 638 01 1.438X10 *
Broyden 26.585 688 937 020 32 26.585 688 945 824 863 3.312X10 ®

L N-R 24.132 186 285 482 295 24.132 186 285 650 615 6.975X107%
Broyden 24.1321 862 854 822 95 24.132 186 281 266 73 1.747X1078

I N-R 23.605 347 167 902 86 23.605 347 168 051 64 6.303X10 '"°
Broyden 23.605 347 167 902 86 23.605 347 165 790 896 8.947X10 °

ls N-R 26.108 405 854 360 477 26.108 405 854 083 458 1.061x10 °
Broyden 26.108 405 854 360 477 26. 108 405 859 951 2 2.141x107%

x5 MAFRHELERYEILL
Tab.5 Efficiency comparison of numerical results of the

compatibility equations

Ve i R Broyden

2%/ %% A i 5] /ms AL IF ] / ms
20 5 187.5 10 156. 3
21 5 203. 1 10 156. 3
22 5 203. 1 11 156. 3
23 5 203.1 11 156. 3
24 6 218. 8 11 171.9
25 6 250.0 12 187.5

SFEHE 5.3 210.9 10. 8 164. 1
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KL F Broyden 35 2 /0 3 4% HA R, N
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Fig. 8 Convergence of the two iterative algorithms
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Tab. 6 Comparison of perturbation adaptive performance

of redundant coordination algorithm

P P PERE P/1

K (R)
N-R Broyden
[ (5 0. 36 0
|INED) 2.05 1. 84
K€D 0. 60 0. 43
N2 4. 39 4.54
V(D 0.91 1.00
VL0 5.08 2.76
L35 PR B3 1 e 2.23 1.76
WMEETF o3BT 6 Al A

(DICAREN 1.3.5 B IUAR PR L ST
Bl e o L RV S5 RV AT ) MA e 25 X 45 4 S 80
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NEVERE R O, TE XK SN 2T L 454 2 800 722 1k %t
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