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Abstract: To address the issues of low machining accuracy during slot milling in robot weak-stiff-
ness poses, a robot pose determination method was proposed based on maximum stiffness principle.
Firstly, the stiffness was obtained through joint stiffness identification experiments. Then, the stiff-
ness distribution in working plane was analyzed by stiffness-oriented evaluation indices, and the opti-
mal robot milling poses were solved based on the maximum stiffness principle. Finally, end-loading
and milling tests were carried out. The results show that the minimum end-effector comprehensive de-
formations are as 92 pm and 63 pm at the milling heights of 1.6 m and 1.2 m respeclively. After pose

optimization, the milling vibration amplitude is reduced by up to 60.88%, and the maximum wall

thickness error is only 40 pm.
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Fig.1 Kinematics model of the KUKA KR360 robot
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Tab.1 Link parameters of the KUKA KR360 robot
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Fig.2 Workspace of the KUKA KR360 robot
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Fig.3 The overall layout of robot milling processing
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Fig.4 Progress of solving the working plane
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Fig.5 The actual working plane
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Fig.6 Joint stiffness identification experiment system

FEATRIBE K K 600 mm Y 37 MR X I8 AE R AL
i N AL 2 R A 25 (), AH 4R SR FE SRY 18] BE R 300
mm , RAE AN 7 BER o S PER AL A B
S THT A8 571 W BE S R ML as A BRI ToF 1 (= = 1.6
m) BHL BUA K 300 mm 1E A XA e R
B (383t 26 4 InE 8 Bk,

& 7

ZHRTERERTH

Fig.7 Distribution of sampling points in

three-dimensional space
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Fig.9 Directional stiffness ellipsoid
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Fig.10 Robot milling pose at different redundancy angles
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Fig.11 Directional stiffness contour of the robot at different redundancy angles
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Fig.12 The process of solving the optimal pose

for stiffness
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Tab.2 The joint angles of the robot in various poses at

a milling height of 1.6 m )

Fe5| 0 02 03 04 05 06

1 0 —100.0 | 110.0 —0.2 83.7 —2.9

2 —17.6 90.3 101.1 — 5.5 77.5 16.5

3 —36.2 —66.8 72.1 —11.0 79.5 0

4 11.0 —55.5 53.7 7.6 90.4 0

5 0 —46.2 36.6 0 99.6 —90.0

6 — 30.6 —78.3 87.6 0 80.8 30.6
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Tab.3 The joint angles of the robot in various poses at

a milling height of 1.2 m )
=2 0, 0, 03 04 0s 05
1 134.4 —95.6 120.6 — 5.0 60.7 — 8.7
2 142.7 —87.1 116.6 0.7 61.6 — 3.3
3 141.8 —74.2 101.8 14.8 63.0 — 4.7
4 127.1 —65.6 89.2 —20.0 65.9 1.8
5 135.3 —75.8 103.6 | —12.0 64.6 11.1
6 | —137.3 | —50.7 62.33 0.7 79.4 1.0
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Tab.4 The comprehensive deformation of the robot end

under different postures pm
R BB A A 7 B BT
B BRI 1.6 m NI 1.2 m
1 92 63
2 213 98
3 339 414
4 181 341
5 389 154
6 420 481
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Fig.13  Sensor layout diagram
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Fig.14 Maximum vibration acceleration of robot joint
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