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Modal analysis and mid-spatial-frequency errors suppression
of 6-DOF bonnet polishing robot

LuFeng'?,  Wang Zhenzhong'?,  Huang Xuepeng'?,  Lei Pengli'
(1. School of Aerospace Engineering, Xiamen University, Xiamen 361005, China,
2. Shenzhen Research Institute of Xiamen University, Shenzhen 518000, China)

Abstract: Aiming at the insufficient stiffness of the bonnet polishing system of the six-degree-of-freedom
tandem joint robot, which may cause vibration and further mid-spatial-frequency errors, used we the IRB 6700 robot
as the research object, established the modal analysis model based on Ansys Workbench and combined experiment to
analyze the dynamic characteristics of the robot bonnet polishing system in the working condition frequency range.
The experimental and simulation results together show that the robot bonnet polishing system has at least 5 modes in
the working condition frequency range, and the jitter amplitude at the end of the robot is millimeter-level when the
resonance occurs. Robot processing is severely restricted. In addition, for the application of advanced optical
component polishing technology in the robotic bonnet polishing system, a vibration suppression bonnet tool was
designed, and the fixed-point polishing and whole-surface polishing comparison experiments were carried out with the
ordinary bonnet tool. The results show that the RMS and spectral amplitude of the fixed-point polishing spot of the
vibration suppression bonnet are generally lower than that of the ordinary bonnet, and the introduced mid-spatial-
frequency errors PSD is 40% lower than that of general bonnet polishing.
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Fig. 1 Robot bonnet polishing system
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Table 1 Bonnet polishing system parameters

scope of work/m carrying capacity/kg repeatability/mm repeat path accuracy/mm total mass/kg

2.6 200 0.05 0.10 1170
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Table 2 Simulation material parameters

material density/(kg/m’) Young’s modulus/MPa Poisson’s ratio
gray cast iron 7200 1.1x10" 0.28
aluminum alloy 2770 7.1x10" 0.33
concrete 2300 3x10" 0.18
sand 2000 1x10° 0.25
60Si,MnA 7740 2.06x10" 0.29

(2) B8, HLAR AT (Y 2 fil % R Revolute Joint, AR &5 WIEE o LA A &5 I EE (R FH STk [8]
P 3RA3 1955 T ABB IRB 6700 HLaF A 4 515 W, 2% 515 I EE A9 FLACR (B L35 3.

&3 IRB6700 XTI E
Table 3 IRB 6700 joint stiffness

jointl joint2 joint3 joint4 joint5 joint6
joint stiffness/(mm-N/rad) 2.53x10° 9.31x10° 6.52x10° 9.12x107 4.36x10’ 2.34x107

P 2 S B AT 7S B 2500 3 IR Y, e AR I B A5 AR R AU 4.75 Hz, T DLAILER N SCBEHL 6 n T 2 e 3 25 W1 2
B2, SRR e R AL E R HLAS AR i, 13X R WIHIL & A A S AT 1 5 Bt B A AR sl T 7 2 R 42 3l

total deformation total deformation total deformation
frequency: 4.75 Hz frequency: 7.18 Hz frequency:12.16 Hz
unit: mm A unit: mm unit: mm
O 2.430 6 Max 2.299 Max 4.809 9 Max
2.160 6 E 2.0436 42755
S 1.8905 1788 1 3.741
1.620 4 15327 | 3.2066
1.3503 12772 2.6722
1.080 3 1.0218 2.1377
10.81021 0766 34 1.603 3
0.540 14 05109 1.068 9
0270 07 0255 45 0.534 44
0 Mi 0 Min 0 Min

X
total deformation total deformation total deformation
frequency: 20.13 Hz frequency: 20.03 Hz frequency: 23.79 Hz
unit: mm unit: mm unit: mm

5.519 2 Max 8.418 9 Max 4211 9 Max
4.906 74835 37439
42927 6.548 32759
136795 56126 1 2.8079
4.6772 234
3.7417 1.872
128063 1.404
1.8709 0.935 98
<’;j> ; 0.467 99

0 Mij

Fig. 2 Mode shapes of the industrial robot
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Fig. 3 Sensor placement in pulse excitation method modal experiment
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Fig. 4 Acceleration response spectrum of each measuring point of the robot in dual postures
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(a) laser displacement sensor measurement (b) waveform display on oscilloscope

Fig. 5 Industrial robot vibration measurement site
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Cio Col &1 & &3 7 5] 73
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Fig. 9 Three-dimensional structure diagram of bonnet tool

9 ST Ak L

0.6

=)
g g L
£ E 0.4
o
E £
= £ o02f
g s
5] =)
§ g 0.0
< &
Z g
el 70.2 -

079 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80
load steps load steps
(a) vibration suppression bonnet (b) original bonnet

Fig. 10  Free vibration curves
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Fig. 12 Comparison of spectra of fixed-point polishing spots between ordinary bonnet tool and vibration suppression bonnet tool
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Fig. 13 Comparison of the polishing effect of the original bonnet tool and the vibration suppression bonnet tool
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Fig. 14 Comparison of the Y-direction mid-frequency error between the whole surface polishing of the original
bonnet tool and the whole surface polishing of the vibration suppression bonnet tool
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Table 7 Comparison of the polishing effect of the original bonnet tool and the vibration suppression bonnet tool
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T HLBHJE L2928 0.05, HAERERE I8 T8 <48 T H k. IR — PR mirae T 3k 55m <% T HLME
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