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Fig.1 Framework for closed-loop monitoring and control of machining quality
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Fig.2 Framework of online monitoring for machining states
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Fig.3 Framework of in-situ inspection for machining quality
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Fig.4 Framework of closed-loop optimization control
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Research on Full Closed-Loop Quality Monitoring and Control in Hybrid
Robot Machining

WANG Guofeng, WANG Youqiang, SHENG Yanliang, ZHOU Shilong, LIU Haitao
(Key Laboratory of Mechanism Theory and Equipment Design of Ministry of Education,
Tianjin University, Tianjin 300354, China)

[ABSTRACT]

machining of large and complex structural components, key technologies including online monitoring, in-situ inspection,

To address the demand for full closed-loop quality monitoring and intelligent control in hybrid robot

state evaluation, and optimization control were investigated, and an integrated framework for full closed-loop quality
monitoring and intelligent control was established. Within this framework, online monitoring and in-situ inspection
technologies of cutting chatter, surface quality, and tool wear were studied, and model online updating and intelligent
control of the machining process were realized through the fusion of monitoring and inspection information. Based on
the established hybrid robot milling platform, the framework was validated through simulated machining of an aluminum
alloy wall-panel workpiece. The results show that the developed “monitoring—inspection—control” integrated system can
effectively identify abnormal conditions such as tool wear and cutting chatter during machining, and realize real-time
adjustment of process parameters such as spindle speed and feed rate based on online monitoring results. Meanwhile,
the fusion of online monitoring and in-situ tool/workpiece can support continuous learning of the monitoring model and
optimization adjustment of process parameters, thereby realizing full closed-loop quality monitoring and control.
Keywords: Hybrid robot machining; Full closed-loop; Online chatter monitoring; Surface quality; Tool wear;
In-situ inspection
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