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Performance Optimization of 3T1R Parallel Mechanism
Based on PCA/PSO

PU Zhixin PAN Yuqi GUO Jianwei CHENG Yi BAI Yangxi
(School of Mechanical Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract; Based on the widely used advantages of low degree of freedom parallel mechanisms (PM), a
new-type three translation one rotation (3TIR) parallel mechanism was proposed, which had the
characteristics of simple configuration, symmetrical structure, and high positioning accuracy. It can be
applied to small-scale precision operations, as well as large-scale transportation, sorting, and spraying
major industrial fields. Based on the topology analysis theory of orientation characteristic equation, the
azimuth feature set of position and orientation characteristic ( POC) was obtained, and the type and
number of degrees of freedom (DOF) of the parallel mechanism were analyzed and verified. A kinematic
model was established based on the closed-loop vector method, and the rationality of kinematics was
verified through a positional forward and inverse solution example and the results indicated that the
kinematic model was completely correct. The reachable workspace’s three-dimensional point cloud picture
of the 3T1R parallel mechanism was analyzed by using the limit boundary search method based on the
position inverse solution equation. A velocity Jacobian matrix was established through velocity analysis,
and based on it, the positioning accuracy and operability performance indicators of the mechanism were
analyzed. The PCA/PSO algorithm was used to optimize the design of the reachable workspace,
positioning accuracy and operability as three performance indicators, and the optimization results were
compared and analyzed. The final optimized reachable workspace volume was increased from 0.293 3 m’
to 0.423 1 m’, the positioning accuracy error amplification factor was decreased from 15.504 4 to
4.430 8, and the operability index was decreased from 9.702 7 to 1. 399 6.
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Tab.2 Example of position inverse solution
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3 0.794 6 19.418 6 13.680 6
4 0.7619 19. 006 1 12.183 0
97 0.5893 27.3346 20.524 4
98 0.5000 20.780 3 13.5610
99 0.4315 17.2118 10. 836 3
100 0.4107 16. 143 5 10.242 4
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Tab.5 Performance index data after standardization

S

75 z, z, z3
1 1.3430 1.6837 1.5642
2 1.0517 0.867 5 0.8613
3 0.8576 0.429 1 0.2352
4 0.7050 0.3118 -0.1336
97 -0.099 3 2.6814 1.9215
98 -0.5153 0.8165 0.2058
99 -0.8343 -0.1987 -0.4655
100 -0.9314 -0.5026 -0.6118
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Tab.6 Performance index correlation coefficient matrix

(23)

R, R, R
R, 1 0.3723 0.269 6
R, 0.3723 1 0.896 8
R, 0.269 6 0.896 8 1

M6 AT LIE N 2, 5z, A RECH 0.3723 x
(R, =R,) ,z 5z WK REH0.2696(R, -R,),
z, 5z, A RE N 0.896 8(R, - R,) ., L AHK
FAOAT IR E 22 v kR, ot A Xl

srakR, A0y

a, = 2 /\L./ Z A, x 100%
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Tab.7 Cumulative variance contribution rate of each

(25)

principal component %
PR RRAIE ] ay; o
(0.3892,0.6619,0.6406) 69. 64 69. 64
(0.9160, —0.2045, —0.3452) 27.12 96.76
(-0.0975,0.7211, -0.6859) 3.24 100

M E R By 22 DTBR R AR B B — R (—
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DIBE 28 1 000 SR 2 E i Rk A

F, =0.3892f, +0.661 9/, +0. 640 6/,
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min e = ek =
0.519 4f, +0.405 5f, + 0.352 5/,

0.05m=<=r=<0.35m
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Tab.8 Parameter configuration of PSO algorithm

sy ME WA pRkEd dewd  NE
- JON WK W T T EX74
Vgl 50 450 1.8 2.0 2.0

1.90
1.85
1.80
175

o 1.70

SN¥GS
1.60
1555
1.50

1.45 - — —
0.102030405060.70.8091.01.1
x/m
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Tab.9 Comparison of optimization results

WiH r/m ¢/m l,/m l;/m V/m?
FHF%  0.1500  0.800  0.6500 0.5000 0.2933
ik 0.2497 1.2567 0.6306 1.0732 0.4231

Fig.8 Performance indicators after optimization
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