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End Precise Control Method of 3 — PTT Parallel Mechanism

CHEN Mingfang' HUANG Liang’en' WEI Songpo’ ZHENG Shigao' CHEN Zhongping'
(1. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China
2. Department of Engineering Information, Henan Pingyuan Photoelectric Co. , Lid. , Jiaozuo 454150, China)

Abstract. Parallel mechanism has the advantages of high bearing capacity, high precision and high
stiffness, and is widely used in all walks of life in the industrial field. In order to reduce the difficulty of
measuring and compensating the mechanical errors of parallel mechanisms and realize the accurate control
of the end of the mechanism, a method of end error compensation was proposed based on the combination
of Jacobian and RBF neural networks. Taking a 3 — PTT parallel mechanism as the research object, the
forward and inverse kinematics of the mechanism were analyzed using geometric method, and the
correctness of the mathematical model was verified by Matlab/GUI. Jacobian was solved according to
kinematics model, and constraint singularity and motion singularity of mechanism are analyzed. In order
to verify the effectiveness of the mechanism end error compensation method, two experimental conditions
were set up, namely, whether there was a return error compensation of the lead screw and whether the
end was subjected to different loads, and the end position was measured by the laser tracker. By training
the compensation model through the collected data, the error compensation is completed. The
experimental results show that the axial (x-axis) and radial (y-axis) position errors of the end of the
mechanism are reduced by more than 90% , and the vertical (z-axis) position errors are reduced by more
than 80% after using the error compensation method. In this paper, the error compensation effect is
good, the precision of the end of the mechanism is obviously improved, and the proposed method is
effective.
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Tab.1 Parameters of parallel mechanism mm
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Fig.2 Kinematics model of parallel mechanism
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Tab.2 Example of forward and inverse kinematics solution mm
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-20.00 13.00 764. 00 435.47 423. 14 429. 82 -20.00 13.00 764. 00
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Tab.5 Return error of lead screw mm

4/ kg X4 0 XHE 1 X HE 2

0 0.079 0. 083 0. 083

3.5 0. 090 0. 090 0.091

7.0 0.102 0.089 0.093

10.0 0. 095 0. 096 0.087
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Fig. 8 Solution of repeated positioning error
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Tab.6 Repeated positioning error per unit stroke

S/ Y o o,
HE O/ He -0.095 -0.091
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Fig.9 End position measurement
LWOGHERL 2. 805k 3. sk 0 kg 4. LML S.JFHCHLM
6. il I 9 3 2

3.2 RinZARKHEAGLENE

Xt LSS 2 e AR Ui 52 A [A] B 28 0 B — 4 il 22
RV 3 ~S 0 T LT D9 AL 3 ~ S R i v
SESEH TG, N B AR A SR DR 25 S i, S 6 HE A2 kAT
7 Y I L E AR S IE

AR O IR i S0 A b 2 55 BILRA i AL o 2R ) 4 %




436

P A1 R B S 14

2023 4

o 251
* ZH 32

o0 10

P10 0 A 2 B> A

Fig. 10 Mean distribution of measured data

(a) 1835 kg

30
0 20

L & e

<

--,/J

(b) 11247.0 ke
£ IS R N i 5= N R R VA S L e

(o) 7100 kg

TR I, A% WL A S 7E A bR R P i A bR, R T
S LE 3 oA R S S A A B R W 4 R
PE AR I B0 P 12 % o KR4 S Ak bR A5 BE
A IV IT A5 A S b 1 (o ) AR TR Cy ) B
it %o NG TR T (Lh, h %) BT
1] (2 %) B9 o7 8 2 R o, BILA Y B 1) F 30 2% 1
A4 545 900 B o7 A AR AR

Fig. 11 End position coordinate measurement under different loads
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Tab.7 Measured value of laser tracker mm

(DA 05 A Y 1w 2w KRN EHER/N EHRR/N 56 W BT
X 26.553 26. 087 26. 046 26.176 26. 084 25.972 26. 050

1 Y -3.308 -4.811 -4.989 -4.145 -4.805 -5.091 —-4.945
Z 768. 351 768. 343 768.332 768. 345 768. 330 768.314 768. 339

X -0.982 —1.285 -1.351 -1.342 -1.526 -1.477 -1.450

45 Y 25.673 25.021 24.985 25.056 24.994 24.990 24.991
Z 770. 309 770. 344 770. 345 770. 338 770. 346 770. 346 770. 345
X -21. 841 -22.652 -22.893 -22.711 -22.804 -22.850 —-22.840

90 Y 1. 638 -1.068 -0.390 -0.747 -0.585 -0.559 -0.537
Z 770. 046 769. 852 769. 889 769. 868 769. 877 769. 884 769. 882

X 6. 345 6.315 5.943 5.976 5.058 5.715 5.791
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Z 767.053 766. 994 767.001 766. 997 767. 026 767. 005 766. 998
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Fig. 12 Mean distribution of measured data
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