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Background Data Acquisition
CNC machines are computer-controlled 1. Baseline: Machine powered down, no 3. Fast vertical travel: Home — P1
tools that cut and shape materials by motion, single run. — P2 —- P1 — Home, feeds 1500
moving a spindle and cutting tool precisely 2. Linear workpiece motion: Workpiece ~ 2nd 3000 mm/min, 3 + 3 runs.
along programmed paths. moves 100 mm on y-axis, 3 runs. HOME[—>| P1 > P2 | > P1 [ > HOME
Unexpected tool wear and breakage
causes downtime, scrap and safety risks. NO MOVEMENT
CUTTING TOOL

Tool health monitoring systems use a ™~ WORKPIECE MOVES ~ I
variety of sensors to evaluate a cutting ST oo T T |HOME

Fig. 1 5 axis Computer Numerical Control machine cutting tools health. :‘ “““ : 100mm

cogWh.eeI o _ _ }: _______ ,’_: « ---------- P1

. High-end tool health monitoring S R o S S

systems exist and work but are ‘ ‘ o Wercoen o e s P2

Fig. 10 Workpiece movement test. Fig. 11 Vertical travel of the spindle test.

costly and disruptive to integrate
for small- and medium-sized
enterprises.

A low cost Inertial Measurement
Unit (IMU) paired with machine
learning may offer a plug and play
route to basic tool condition Fig. 2 No tool wear vs.
monitoring. excessive tool wear.

4. Spindle speed holds: 0 —» 10000 — 8500 — 6000 — 5000 — 2500 — O rpm,
3 runs. No movement.

5. Cutting passes: Straight cuts at 1, 2 and 3 mm depth. 1 run per depth.

CUTTING TOOL

Fig. 3 Fractured end mill cutting tool.

Fig. 12 Aluminium workpiece after 3mm epth cut. Fig. 13 Cutting the workpiece test.

Results

T & 1. Baseline and preprocessing

Electric noise produces jitter, this steady bias causes integration drift. Bias
removal stabilised the signal.

Fig. 4 Inertial Measurement Unit. s — Acceleration Z: Raw vs Bias-Removed Displacement Z: Raw vs Bias-Removed

Achieving these aims will determine whether a 2 fehwitebolle et ot 4 |
low-cost IMU sensor is a viable method for tool
condition monitoring. A pipeline will standardise

Angular Velocity Y vs Time
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data capture and preprocessing, apply consistent bbb | ol _
state labelling, and output reusable, ready-to-train N I R : e
"o 10 20 a0 40 Tir::(s) 0 70 80 90 10 datasets that Suppor‘t threShOId-based monitoring F|g14 Signa| with and without bias removal. Fig.15|ntegration drift with and without bias removal.
3 now and straightforward model training later. 2. Linear Workpiece motion
N AT Linear table movement was not detectable with this signal and mount position.
2SR SRR LR Hardware Setup 3. Fast vertical travel —
B e LA Sensor: DEROBOT serial 6-axis P Clear acceleration, deceleration and jerk peaks. Feed 3000 | * = . =« = «
" e i Inertial Movement Unit, £16 g and el showed higher peaks and approximately half the segment MW_MMJW
e e e e +2000°/s. 0.1 to 200 Hz time compared with 1500. Cross-axis leakage confirms the |™v+
Fig. 5 Aim to signal process data. IMU axes were not aligned exactly to machine axes. T 'r h | MP |
Mount: 3D-printed with magnets, M
attached to Hurco VM10 3 axis 4. Splndle Speed holds Fig. 16 Acceleration cross-axis leakage.

CNC machine. After filtering (3Hz High Pass IIR) and windowing, plateau detection grouped steady

rpm segments.

Unfiltered Acceleration Y vs Time

Cutting Tool: 12mm Aluminium
Carbide End Mill. 3 flutes.
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Logger: Arduino Uno R3 with
Python capture, Excel and
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MATLAB for ana|ysi3. 15 _Unfiltered Angular Velocity Y vs Time
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Fig. 6 Hurco VM10 CNC machine £ 5
used for testing. ‘—E 05h
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Fig. 7 Position of IMU on spindle
Y :
<@ , 5. Cutting passes goar L it
——rp— The IMU collects Angular velocity RMS content approximately
(Cutting Tool) measurements at 200 separated initial spin up, air cut and metal cut but e s
samples per second and struggled with further separation.
sends them to the Arduino, £
which transmits the data to i S SR L 6 P S S
- iltered Adju-zr;z (Ii::celeration X
ICIamp / a computer. Python formats Conclusion P Fitersa & | |
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(Aluminium) Excel file, and MATLAB is
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processing and analysis.
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Fig. 8 Diagram of testing setup

IMU ARDUINO 1 ON EXCEL MATLAB
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Fig. 9 Data acquisition pipeline




