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Kinematics application calibration method of collaborative robot
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Abstract The geometric parameter error of robot leads to its poor absolute positioning accuracy,
which restricts its application in off-line programming. The joint stiffness of the collaborative robot is
small, so its flexible deformation is largely affected by its self-weight and end load, which further
reduce its positioning accuracy. Aiming at this problem, the kinematics calibration method of
adjacent three-axis parallel (2-4 axis) cooperative robot is studied, and the corresponding calibration
software is developed to apply the method to engineering practice. Firstly, a nonlinear geometric
parameter identification model is proposed, and the redundancy of the model parameters is analyzed
by using the inverse function principle of the model’ s nonlinear equations. Further, a joint stiffness
identification model is established. Considering the mutual interference between geometric parameter

identification and joint stiffness identification, a comprehensive identification method based on

* [E R 8 AT & TR0 H (2017YFF0107800) ¢ B
+ BAEER , E-mail ; cpsui@ sia. cn



556 R R AR

540 45

iterative thought is proposed. The calibration experiment of URS5 robot is carried out using this

method. The experimental results show that the absolute positioning accuracy of the robot under no-

load and load after calibration is improved by 75. 5% and 85. 1% , respectively, compared with that

before calibration, which verifies the effectiveness of the calibration method in this paper.
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Fig.2 Flow chart of comprehensive identification method
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Fig.4 Load measurement experiment scene
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Table 3  Parameter identification results of robot
i a,/(°) a;/mm d;/mm 0./(°) K/(N-m/rad)
1 0 0 0 0 ~
2 90. 047 1.731 109. 665 180. 179 ~
SN 3 0. 028 426. 448 0.516 -0. 108 ~
(LIS EHR 4 -0.259 391. 868 0.516 0. 068 ~
5 -90. 053 0. 148 94.701 -179. 983 ~
6 -89. 940 0.078 0 0 ~
1 0 0 0 50 000
2 90. 047 1.731 109. 665 180. 179 47 998
. 3 0.028 426. 448 0.516 -0. 108 48 925
FOILFIERIELA 4 -0.259 391. 868 0.516 0. 068 50038
5 -90. 053 0. 148 94. 701 -179. 983 50268
6 -89. 940 0.078 0 0 50 285
1 0 0 0 50 000
2 90. 026 0. 158 109. 646 179. 834 18 764
AR 3 0. 040 425.290 0. 496 0. 069 165 771
4 -0.242 391. 965 0. 497 -0.338 115 648
5 -90. 011 -0.528 94.813 -180. 000 5404
6 -89. 981 0.014 0 0 4319
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Table 4 End position error of the robot before and

after identification under no-load and load mm

ERITAC R THRE moRiRE RuhR%E
PR 2.280  3.299 1. 509
2SR LSRR 0.264  0.520 0.074
LA HEA 0.192  0.453 0. 049
BT 2.668  4.173 1. 845
NEIRGE = ¢ 3% 1.752  3.261 1.019
Ik SR RSN 0.060  0.934 0.348
LA HHA 0.361 0.615 0.151
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Fig. 5 End position error of each measured point under no-load and load
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Table 5 End position error of the robot before and

AL B IRE/mm

after error compensation mm
K v o B R R mRiRE R/MR2E
5 FMZETT 1.831 2.338 1.592
- PNy 0.337 0.572 0. 142
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Fig. 6 Error compensation result under no-load and load
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