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Materials such as titanium alloys, nickel alloys, and stainless steels are difficult to machine due to low thermal conductivity,
work hardening, and built-up edge formation, which accelerate tool wear. Frequent tool changes are required, often relying
on operator experience, leading to inefficient tool use. While modern machine tools include intelligent tool replacement
systems, many legacy machines remain in service, creating a need for practical alteratives. This study proposes a method
to autonomously determine tool replacement timing by monitoring machining process signals in real time, enabling
automatic tool changes even on conventional machines. Tool wear is evaluated using current and vibration sensors, with
the replacement threshold estimated from the maximum current observed in an initial user-defined interval. When real-time
signals exceed this threshold, the system updates controller variables to trigger tool changes. Results show vibration data
are more sensitive to wear, whereas current data provide greater stability. These findings indicate that a hybrid strategy
combining both sensors can enhance accuracy and reliability of tool change decisions, improving machining efficiency for
difficult-to-cut materials.
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NOMENCLATURE 1,.,., = Maximum Current of the Spindle moator in the Initial
o ) Time (A)
Wioor Tool Wear Decision Variable 1, = Threshold Spindle Motor Current for The Decision of
T, = Start Time of Initial Tool Condition Monitoring
Tool Change (A)
Interval (sec)
T, = End Time of Initial Tool Condition Monitoring
Interval (sec) 1. NE
t = Process Time (sec)
I(t) = Spindle Motor Current Measured During Machining (A) ﬂZ: Aol A o] Ad] W FA glojgl= 34 Eelstel &
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Fig. 1 Flow chart for the autonomous tool change process
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Fig. 2 Setup for autonomous tool change technique

Table 1 Cutting parameter for tool monitoring experiment

Description Value

Spindle rotation speed (RPM) 1393
Feed per tooth [mm/tooth] 0.1
Radial depth of cut [mm] 3
Axial depth of cut [mm] 2

Workpiece material Ti-6Al1-4V
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Fig. 3 Cutting path for (left) linear machining test and (right)
circular machining test

Table 2 Specifications of the experimental setup for machining data

acquisition
Description Value
Edge CuttéE% ;tlt\lie Izg\g;ced
DAQ NI-9234
Accera- Acceleration sensor PCB 352C34
lation Sampling rate [Hz] 51,200
Batch processing 8,192
Current sensor ZEN-U2
Current Sampling rate [Hz] 25,000

Data processing True-RMS to DC converter
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Fig. 10 User variables updated by the autonomous tool change
decision module

Table 3 Measured flank wear of tools after replacement in each

experiment
(unit: pm)
Experiment No. Flute 1 Flute 2 Flute 3 Flute 4
Linear 1 252 306 46 216
Linear 2 316 158 72 178
Linear 3 22 160 290 118
Circular 1 220 120 218 256
Circular 2 304 292 200 278
Circular 3 158 298 150 186

IS 0
&p

FiE

M«O um Lihear 3

#
Linear | ;1_09*0 Hm Linear 2

J_OQ.O Em

&9-0 M Circular 3 ;1_99'0 Hm

Cireular 1 1 109.0 UM Cireylar 2

Fig. 11 Maximum flank wear geometry of the tool in each
experiment
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