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Pendulum Tuned Mass Damper and Chatter Suppression in Robotic Milling Process

YANG Bin'?, GUO Kai', YIN Zhijian', DOU Zhenhua', SUN Jie'
(1. School of Mechanical Engineering, Shandong University, Jinan 250061, China;
2. School of Mechanical and Intelligent Manufacturing, Jiujiang University, Jiujiang 332005, China)

[ABSTRACT] When industrial robots are applied to the milling process of aerospace structural components, insufficient
rigidity of the robotic arm can easily induce low-frequency chatter problems. To address this issue, a Tuned Mass Damper
(TMD) was employed to suppress the low-frequency chatter in robotic milling. Through combined theoretical modeling
and experimental fitting, the modal frequency and damping ratio characteristics within the low-frequency range at the
robot-end were investigated. The dynamic equations governing the robot end with an attached TMD were derived, and
the influence mechanisms of key parameters on the vibration suppression effectiveness were analyzed. A pendulum TMD
with adjustable stiffness stability was designed. Modal tests were conducted to characterize the relationship between its
natural frequency and suspension length, leading to the formulation of a stiffness pre-adjustment methodology. Robotic
milling experiments were performed both with and without the attached pendulum TMD. Comparative spectral analysis of
vibration signals conclusively demonstrated the effectiveness of the pendulum TMD in suppressing vibrations during the
robotic milling process.
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Fig.1 Schematic diagram of the robot posture and impacting test at
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Table 1 Fitting results of modal parameters

RS BASIAR Hz BHELL /%
1 7.0 11.6
2 10.4 2.5
3 15.2 6.3

(a) i1
(7.0Hz)

B3 BERETEE(BERKNFEBEN, ERELAESRE)
Fig.3 Schematic diagram of modal shapes ( where the black solid

(b) B2
(104 Hz)

(c) B3
(152 Hz)

line represents the original structure and the blue dashed
line represents the modal shapes )
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Table 2 Milling parameters

2R T 1 T2 T4 3
A7 B A1 %5352
FHl#E 3 n/ (t/min) 3000 4000 3000
PELA R f/ (mm/min ) 120 120 120
YIHIEEE a,/mm 2 3 3
YIHI 9 a/mm 5 5 5
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