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Robot Static Stiffness Pose Optimization Based on Hierarchical
Population Strategy

PAN Binhui  YANG Jianzhong HUANG Si° WU Haotian NING Xiao
National Intelligent Design and Numerical Control Technology Innovation Center, School of Mechanical
Science and Engineering, Huazhong University of Science and Technology. Wuhan,430074

Abstract: A stiffness performance index for precision grinding and polishing scene was proposed, and
the robot stiffness was improved based on hierarchical adaptive genetic algorithm. The kinematics and
static stiffness models of the robots were constructed, and the operational stiffness matrix was obtained
through the joint stiffness identification experiments. Based on the flexibility ellipsoid at the grinding points
of the robots, combined with the stiffness and stability of the robots on the grinding and polishing paths, a
comprehensive stiffness performance index was designed for grinding and polishing conditions. Fitness-
driven parameter adjustment and population stratification mechanism were introduced . and differentiated ge-
netic strategies were used to optimize the grinding point posture for different layers of the population. The
experimental results show that, without changing the structure and material of the robots, the deformation
amounts reduce by 80% . and the robot stiffness is effectively improved.

Key words: robot grinding and polishing; stiffness identification; comprehensive stiffness perfor-
mance index; hierarchical population strategy; grinding point posture optimization
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Fig.1 The kinematic model of the HSR-605 robot
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Tab.l1 The standard DH parameters of the
HSR-JR605 robot

Ki | kWA O/(C) | d/mm a/mm a/(")
1 0 0 0 —90
2 —90 0 360 0
3 180 0 —90 90
4 0 376.5 0 —90
5 0 0 0 90
6 0 119 0 0
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Fig.7 Experimental software and hardware platform
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Tab.3 Optimization results of five algorithms

BLFHE | AEFIEAT | BT | fedtimidh | oy 2l
G, 6 20 20 20 4
/s | 64860 | 5.9843 | 6.3187 | 5.9823 | 5.5434
- 1 0.9923 | 0.9660 0 1
F 1 0 0.0272 | 0.0425 | 0.1783
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Tab.4 Parameter settings for the same part of the

algorithm
ERAAT | kAT o | AR
IR ECH 100 100 100 100
AR H 50 50 50
AR SEARR LR/ | 0.1/0.01 | 0.1/0.01 0.1/0.01
ZEXMER PR/ R | 0.9/0.6 | 0.9/0.6 0.9/0.6
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Fig.8 Experimental environment
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Tab.5 Joint angle of different poses

0, 0, 0, 0, 0; 05
%1 | —15.92| —94.74 | 181.05 | 174.17 | 17.954 | —77.74
42 | —33.04| —85.74| 164.29 | 107.48 | 44.938 | 8.0564
%3 | —15.92| —90.95| 193.80 | 167.28 | 38.127 | —48.47
fisd | —5.681]—96.92| 184.24 | 170.30 | 19.210 | —51.46
%5 | —32.60| —93.26| 200.27 | 128.91 | 64.083 | —35.19
%6 | 9.295 | —111.7] 205.07 | 57.339 | —49.90| 38.19
*k6 HHER
Tab.6 Load information

WAL | 24l | SB3M | 44l | o4 | Hedl

4% /N 0 9.8 14.7 16.66 19.6 29.4
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Fig.9 Relationship between displacement and
deformation of end normal line and evaluation index of
normal stiffness
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Fig.10 Comparison of displacement and deformation

of normal line before and after pose optimization
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