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Pose Optimization of Industrial Robots Based on Stiffness for Milling Tasks
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Abstract: In order to improve the stiffness performance of the robot and reduce the milling processing errors, the stiffness
of a 6 DoF (degree of freedom) robot equipped with a milling actuator is optimized. Firstly, a robot stiffness mapping
model is established using the virtual work principle. Secondly, the joint stiffness is obtained by the designed identification
experiments. Then, the optimized pose of the robot is solved using the genetic algorithm, taking the isotropy of the milling
force elliptic plane as the optimization index. Finally, the overall stiffness of the robot before and after the pose optimization
are compared and analyzed. And a robot milling test is performed to verify the effectiveness of the pose optimization.
Consequently, the milling flatness can be improved by 45%. The optimization method can guide the milling processing tasks

of the serial industrial robot on the large spacecraft cabin, and improve the processing quality.
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Fig.1 Processing system of the milling robot
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Tab.1 Link parameters of the Kuka KR500 robot
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Fig.3 Contour map of the dexterity index in Cartesian space
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WEBTTVE, WEER BAR L ARSI AT Bk . —
i, X TR R A AR, KA 2Rk
R N TC LT RARAR T B 0 TS, AR A
R AERREVE AT % LA T e B0 AE.

(1) FHRRAR KR AL2E

T BR 29 TR 2 A 1 Ak PR 7 3502 K 0 Ak 1) R 4
wAL,  RIRE A0 AL AL B A W4T 48 4 Jie % Ak 21 [X [A]
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Yy = tan % (30)
35
4560; 3w
1//5—tan< 6 —|—112)
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Ve = tan g
= (25) ki 6
1
0, = 3 arctan Y
6, = E arctany, — —T0
18 36
0; = ﬂ arctan y; — 7—7t
90 180 31

35
0, = 5 arctan Y,

0; = &arctan —in
ST 45 Y730

35
0s = 5 arctan Y
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G(0) = 2(0), P NAPN 32)
g(0)—P(0), NFHLHERLR
X P(O) FTieREL.
NSEIUMLAR NBEEIIN T, Rl & T A )
R JJ AR RUEIA RN TALE H7) R S5/ T

TAFRIARES, BHLLR: E(0)=0. K,
PR BT 2O 1] R 2

P(@) =u-p(6)=pu-9(E8)) (33)
ﬁq:‘ u y‘j?m\‘ﬁ¥’ l%lﬁ (P()C) ﬁ;—j/@'

{(p(x) >0, x#0 34)

ox)=0, x=0
FHRBE R, 130 K1 5 ) AR AT 25 57
Fods i K P A o(x) RHLEUER: o(x) = x|,
TR RE g BUEEH, — B g=2 HHE N, HN
(1051 R R A IR T R
AT S 5T M 2 P o AR A B T 5 il

maxg(y)—up(¥), sty eR  (35)
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Fig.13 The best fitness and the average fitness in the

optimization process
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Tab.6 Rotational range of each joint of the robot

o KL 1)
F5
6 6, 6; 6, 0s 05

1 —4512 —63.932 103.263 18.839 53.130 16.206
2 —8.468 —61.606 103.741 35.867 57.796 30.678
3 —11.750 —57.984 104.228 49.943 65.186 42.549
4 —14.154 —53296 104.597 61.066 74.504 51.833
5 —15.536 —47.718 104.628 69.806 85.137 59.040

HIZR 7 WAL fuAe)a fRnEs 1, FLWIEE T fE
fetrimR, A RmA i ERUN, RUZIILRE
RTHHLas NKIEEPERE, Wl M smpLas N PTARTEAE

RT ANFRITUREE TR &

Tab.7 Deformation in different redundant poses

% BFE /mm ERE
1 0.836 3.08e+6
2 1.609 4.25e+6
3 1.831 4.84e+-6
4 2.257 6.35e+6
5 2.796 7.18e+6

54.2 IR IEIEE
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L. HLgs NBEHEI N T2 DL AR AR bR R TAE AL
Fr&, HTBEHIPFIECN, P eI T A2 i
P Tk ) s IR AL SRR ) B 5 N TR
TV A — B 264 FARAEIN. BRI T2 25 £ 5
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Fig.14 Milling results and flatness fitting
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Fig.15 Calculation principle of the flatness
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