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Abstract: To solve the stiffness identification problem for a 3T2R highly dexterous robot with
weakly rigid joint transmission chain structures and flexible rod structures, a robot stiffness identifi-
cation method was proposed. Firstly, the structural characteristics of the compact and cost-effective
hybrid robot configuration design and the motion characteristics for adjusting the high dexterity of op-
erational postures were analyzed. The robot Jacobian matrix was constructed, and the end deformation
model of the robot was established to analyze the influences of weakly rigid joint transmission chain
structures and flexible rod structures on the robot end deformations. Then, considering the effects of
weakly rigid joint transmission chain structures and flexible rod structures, along with the robotic
structural characteristics of weak rigidity and large deformation, robot joint stiffness identification
was carried out,and the variable stiffness modeling was completed for the mobile joint 3. Experimental
results indicate that the proposed method increases the stiffness of joints 3, joint 4 and 5 by 146.59%,
30.18% and 36.07% respectively, compared to conventional stiffness identification methods. The error
rates between the measured and theoretical calculation values of the overall end deformations are in
4%~ 6% at six selected robot poses. The capability of the proposed robot stiffness identification
method was verified.
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Fig.1 3T2R hybrid high dexterity robot

experimental platform
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Fig.2 3T2R hybrid high dexterity robot configuration
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Fig.4 Finite element simulation model of flexible rod
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Fig.5 Relation between deformation of flexible rod

and force angles
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Fig.6 Simulation setting and positional deformation
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identification experiment layout
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Fig.10 Experimental flow of robot stiffness

identification method
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Fig.11 Experiment platform for robot

stiffness identification
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Tab.1 Robot measuring position
EiE U S Vi KAy 2 KAV 3 | K4 | KW
A I~
L 60 | €200 cady | o0 ady | O | ©d
=
2 | oo rady | 100 rady | (30 pady | 0 T4 |7 7/6 red
3 318.31 mm | 318.31 mm | 47.75 mm 0rad |— /4 rad
(100 rad) | (100 rad) | (30 rad)
[~
5 |t nady | 100 rady | 30 pady | ¥4 T4 |75/ rad
5 |00 rady | €100 rady | €30y | ¥/ Fod |~ /2 rad
- - =
7 b |y |y | /40|
8 100 rady | €100 rady | €0 rady | ¥/ red |3 rad
-
0 | ooy | (236 rady | iy | ¥/ 7o |~ /2 e
|~ I~
10 3(1]8(;(?;11*;3?] 3(\)292.291';3? 4(7.';(7)01':3;[1 7/2 rad | = x/2 rad

x2 FREKRQEUETEMESTEUNELR
Tab.2 Measurement results of position deformation and

orientation deformation at reflector

i”flﬁ do/mm|dy/mm| d./mm 106:{ :ad 10871 :ad 108:' fad
11]0.0232 |—0.2150| —0.0104 | —0.2356 | 0.2162 | 0.2328
21 0.0506 |—0.2550| — 0.0338 | —0.8844 | 0.2508 0.3576
3] 0.0673 |—0.2437 | —0.0077 | — 0.8500 | 0.2353 | 0.1702
41 0.0353 |—0.2022|—0.0274 | —0.5710 | 0.2075 | 0.3407
51 0.0453 |—0.2349| — 0.0061 | —0.6823 | 0.2356 0.1402

6| 0.0878 |—0.2453| —0.0489 | — 0.7309 | 0.2393 |— 0.2456

710.0521 |—0.2068| —0.0234 | —0.7026 | 0.2151 0.3940

81 0.0477 |—0.2395| —0.0254 | —0.7781 | 0.2447 | 0.2174

9] 0.0435 |—0.2636| —0.0302 | — 0.5234 | 0.2564 |—0.4327

10} 0.0253 |—0.2516| — 0.0024 | —0.3673
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Tab.3 Results of robot joint stiffness identification

0.2539 |—0.1502

N « m/rad
WIBEHER | N N o o
;%/ KA | W2 | W3 | kWA | RS
4.6802 X | 7.0471 X
A | 5.9113 | 2.6676 | 2.7946 ] )
10 10
\ . 3.5953 X | 5.1792 X
W | 5.6459 | 2.5764 | 1.1333 )10)3 ’ Lo

FE AT RN 24 2R A SC i 48 07 ¥ 75 JE R R PR AT A
T EAT W FER R, 7T 35675 4 IR 5 NI
BEHE KB L, B KT 146.59%.30.18% Al
36.07% . X & T TG HLAS AR 2 AT 2
A R VI NG N R A | A R e NI I Y B o B
. HEFLEEWILGS AR ELIRR O, W Z
T AR TG . SR AR SO 42 05 s CRIE T =X (9)
FiE R Dy VR Bl AR 3 A8 I ) #EATAILA% A 515 Wi
« 981
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Tab.4 Stiffness values for different values of joint 3

¢3/rad 0 15 45 60 75
ks/(Nemerad ') [3.1222]2.9249 |2.7833(2.7893|2.7273

@3 /rad 90 105 120 135 150
ky/(Ne+merad ') |2.6669|2.5635|2.5038|2.4322 |2.3684

W3 3 FN3R 4 YT 3 B O HU(EL 5 X 1
W JEE(EL AT B8 05 T A 12 B B 5635 3 119
WIEE &y 50T HUE @ XTRIELE R FR . ST 3 HI
JE Y 22 T UL Rk

ks (ps) = 1.0658 X 1077 ¢} — 3.5709 X 10 ¢} +

0.3877go§ — 18.7258¢; + 3121.1797 (18)
3.0 o FUBBEE N
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Fig.12 Polynomial fitting of stiffness for joint 3
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Fig.13 Robot stiffness verification experiment

(hanging 12 kg weight at end)
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Fig.14 Robot’s 6-group poses
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Tab.5 Comparison of robot end deformations

mm

fir % X Jr A2 Y Ji [ A2 Z Ji AT
FE% | ST | R | el | TS | SEIME | A

1| 0.0114 | 0.0124 | 0.0145 | 0.0134 | 0.1137 | 0.1082
2| 0.0243 | 0.0262 | 0.0081 | 0.0087 | 0.1609 | 0.1522
3| 0.0045 | 0.0049 | 0.0501 | 0.0522 | 0.1497 | 0.1406
4 ]0.0484 | 0.0449 | 0.0108 | 0.0117 | 0.2686 | 0.2552
5 ] 0.0920 | 0.0975 | 0.0095 | 0.0103 | 0.2819 | 0.2654
6 | 0.0183 | 0.0196 | 0.0412 | 0.0453 | 0.1878 | 0.1796
¢ O 2 s 140
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Fig.15 Integrated position deformation and error rate

of robot end
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