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Fig.3 Time domain analysis
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[ABSTRACT] To satisfy the requirements for manufacturing complex surfaces and narrow deep cavity parts in avia-
tion, medical, automobile and other industries, a CNC electrochemical milling system is developed, including: design of
a machine tool with four-axis linkage (axis X/Y/Z and rotating axis C) at a repositioning accuracy of 2um; development of
a pulse power supply with high frequency, fast short circuit response and communication with the control system in real-
time; an electrolyte circulating filtration system with 0.5um filter precision, controllable pressure and temperature. Finally, a
tubular electrode was employed for electrochemical milling high depth to width ratio structure on 304 stainless steel surface
with this system. A narrow slot with the width of 1.4mm, depth of 8mm, and surface roughness of R,0.8um was successful-
ly manufactured. The machining process was stable and the side wall of the slot was steep. It indicated that the developed
system has reached the desired design goal.

Keywords: CNC machine tool; Electrochemical milling; Pulse power supply; Large depth width ratio slot; 4-axis linkage
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Real-Time Cutting Tool State Recognition Based on Cutting Force Signals,

Geometric Information and Process Information
HUA Jiaqi, LI Yingguang, LIU Changqing
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ABSTRACT] Real-time recognition of cutting tool states plays an important role to improve the efficiency and quality
and reduce the cost of CNC machining. For complex parts with single-piece or small batch production, the geometry and
cutting parameters in the machining process are constantly changing which makes a great challenge for accurate recogni-
tion of cutting tool state. To address the above problems, this paper presents a cutting tool state recognition approach based
on cutting force signals, geometric information and process information. The cutting force signals of different tool states
are collected and analyzed. The time analysis and time-frequency analysis methods are used to extract the features of cut-
ting force signals. Associated with the machining process information and the geometric information of the parts, the input
vector is established. Cutting tool state recognition model based on neural network is established and trained. The real-time
recognition of cutting tool state is realized with the neural network model during the actual machining process. Experiments
show that the approach can solve the real-time recognition of cutting tool states.

Keywords: Cutting force; Cutting tool state; Neural network; Real-time recognition; CNC machining
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Construction of Smart CNC for Real-Time Optimization of Milling Parameters
JIN Hongyu, FU Yunzhong, FU Hongya, HAN Zhenyu
(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

[ABSTRACT] Intelligent CNC machine tool is production terminal equipment of smart factory in the era of Industries
4.0. Technical implementation of network, intelligence and collaborative manufacturing of this machine tool can not do
without open smart CNC which has high stability and precision retaining ability. In this paper, aimed at real-time optimiza-
tion of cutting parameters during milling process, functional software modular is designed and developed in the platform of
open modular architecture CNC. The algorithm of intelligent control is integrated into system coordinator modular of CNC,
which could adjust spindle speed and feed rate in real-time through processing cutting force signals. The effectiveness of
proposed smart CNC is validated by thin-wall cutting experiments.
Keywords: Smart machine tool; Smart CNC system; Real-time optimization; Intelligent control algorithm; Sensor
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