20214 11 A | A R A= %52 % 4 11

doi:10.6041/j. issn. 1000-1298.2021. 11. 045

K=

SE)iz31 3 - RRRU HE Wz NIEThFfRESIRE ST

®OET EEOT REE BEeT x g
(1 R TR R E T e LA RGBT 5 8 R PRl A S g &, Kt 3003845
2 0L LR ER LR ECE RO R RY: ), Kt 300384
3. KHBE LR LAR =B, K 300384 4. KRETT G AEH E B R A A BRA R, Kt 300384)

FE . JFHEALAS A E A o o W R R 6 2 A5 B 0 O 3, w3z I FH Bl N Tl sk, {8 2 06T S BUZ ML
AN HIREBEAN T o X K223 3 - RRRU HEAL# A Wi s AR ZmE T BRI T 248 KAV,
LA 0 DH yE M Zs [ 8 vk g or T HLER AN 0038 Sl 2 B AU 76 6 alk [, 18 B 30 o0 B0 3 S O s S WL N iR
PR 5 N O MR R AR AT N [R) 30 T AL A 10 4 ) Ao 5 5B SR B, o — s A% Bk b AT ek, DA AR 2B IR 4 R OR
WS B 3 B AR T A AL, O 1 2 B B O SR BOPL A N (9 3R 25 A BB , S8 AR RE M AN TR, St .
BT HL bR 72 M S BB IR R 25 I AE 0. 14 ~ 1. 34 mm , (HUANEE T T iy 26 000 b A%, 0520 b 2 5 1
RRZET K 5. 08 mm, T ER B r K BE o0 T LR DUl A A, 32 5 5 1 4 R ot 2 v b 6 42 T A e KR 2 4
FEAEZE 1. 18 mm il 1. 56 mm, 1ﬂ‘TE7ﬂ£HZﬁJﬂﬁ”Jxm, EFFJ?aﬁﬁm?@ﬁﬁﬂfﬂ%ﬁ)\ﬂ’]m%ﬁmlf’ﬁ -
KEEW: KIEHLZ 3 KON B, RERE; BE e

hE4ES . TP242.6; THII2 TERARIRAD: A XE4S: 1000-1298(2021)11-0411-10  OSID. ggg@

Kinematic Calibration and Error Analysis of 3 — RRRU
Parallel Robot in Large Overall Motion
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(1. Tianjin Key Laboratory for Advanced Mechatronic System Design and Intelligent Control,
Tianjin University of Technology, Tianjin 300384, China
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Abstract; Parallel robot is a kind of nonlinear strong coupling system with many branches and joints. It
has obvious advantages of high speed, high stiffness and large load. With the number of joints increasing,
its control accuracy is generally not high. In order to improve the accuracy of 3 — RRRU parallel robot,
kinematic modeling and error calibration method were systematically researched. Firstly, the kinematic
equation and error model were derived by DH theory and space vector method. On this basis, the error
model of the robot was derived and established with the partial differential theory. Secondly, position data
were collected by using laser tracker for straight line and curve path. Lastly, genetic algorithm was
optimized and used to complete calculation. The experiment result showed that the tracking error was
controlled between 0. 14 mm and 1. 34 mm based on the linear trajectory calibration, and the maximum
error was greatly reduced from 9. 36 mm to 1. 34 mm. But this calibration mode was not suitable for curve
path compensation. Its maximum error of curve compensation reached 5. 08 mm. The linear calibration
was just suitable for straight path, and its compensation accuracy was also lower than that of curve
calibration mode. After compensation, the maximum error of line trajectory and curve trajectory was
respectively reduced to 1. 18 mm and 1. 56 mm. According to the experimental data, 3 — RRRU robot had
better accuracy in the central area of workspace. In summary, the proposed method owned high
automation and its feasibility of the method was verified by experiments.

Key words: large overall motion; parallel robot; kinematic decoupling; error calibration; accuracy
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Fig.1 3 - RRRU parallel robot
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Fig.2 Structure diagram of 3 — RRRU parallel robot
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Tab.3 Crossover probability and fitness value
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Tab.5 Calibration result of straight-line track
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Tab.6 Error calibration result of curve track
SR A6y, /rad AB,, /rad ABy, /rad AL, /mm AL,,/mm AL,;/mm AL, /mm
%22 0.016 2 -0.0143 0.020 1 0.2211 0.1956 -0.1612 0.2211
R AL,,/mm AL,;/mm ALy /mm ALy, /mm ALy;/mm AR/mm Ar/mm
iRz 0.1956 -0.1612 0.2211 0.1956 -0.1612 -1.1248 1.6752
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Fig. 12 Error compensation curves of line trajectory based on two different calibrations
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