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Abstract

Milling machine is one of the core machines in the metal processing industry. It
processes raw materials by cutting tool rotating and cutting. Although CNC (Computer
Numerical Control) milling machine in general small-scale milling machining shops can
be controlled by computer programs for automatic precision processing, it is not able to
judge whether the health status of the cutting tool is suitable for achieving the quality and
efficiency of processing. At present, the timing of cutting tool replacement or
maintenance in small-scale milling machining shops mainly depends on the experience
and judgment of veteran mill machinists. In a small-volume large-variety processing
mode, it is difficult for veteran mill machinists to accurately grasp the state of the cutting
tool. Once the cutting tool breaks without warning, it is necessary to stop the machine to
deal with the cutting tool and the damaged workpiece, and even need to re-maintain the
spindle or adjust the machine, which will increase the cost and affect the production yield,
efficiency, production capacity and order delivery time. The impact can reach tens of
thousands to hundreds of thousands of NT dollars. Therefore, the inability to grasp the
timing of cutting tool replacement is one of the pain points for metal processing workers.

This research discusses the tapping process, which is considered by the veteran mill
machinist in the small-scale milling machining shop to be the most difficult process to
grasp the machining state of the cutting tool, and the follow-up treatment is the most
troublesome once the tapping tool breaks. The aim is to replace the tapping tool before it
breaks, and to research and design a method of early warning for tapping tool breakage.
The main research problems P), the corresponding challenges C) and the designed
solutions M) are:

P1) The monitoring data collection problem of CNC milling machine tapping tool

processing: what machine data items should be monitored? Is it necessary to add an
\i
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affordable sensor and how to install it?

C1) It is necessary to understand the process and characteristics of the tapping tool, and
refer to the veteran mill machinist’s experience in judging tool replacement and
subjective feeling indicators to quantify it into objective system knowledge and
indicators, and select the required monitoring data items. However, the sensing data
of CNC milling machine controllers in small-scale milling machining shops are
generally not open to users to read, so users need to install additional sensors and
read the sensing data without violating the equipment maintenance contract, not
affecting processing, and considering affordability. It is challenging that the item
options for collecting monitoring data are limited.

M1) Comparing the rule of thumb of the veteran mill machinist listening to the vibration
sound and observing and confirming the correlation between the spindle load current
and the sharpness of the tool, the latter has a more specific and strong correlation, so
I choose to monitor the spindle load current. Then, in a non-invasive and parallel
way, install the reading device of the spindle load current meter to measure the
voltage corresponding to the spindle load current, and grasp the state of the tool from
the trend characteristics of the voltage.

P2) Tapping data pre-processing problem: Since the sampling frequency of the spindle
load current reading device has a slight error, and different processing parameters
will also affect the length of the tapping cycle, how should a tapping processing
cycle be defined under different sampling points?

C2) The tapping current data files collected in the experiment lack time stamps for the
start or end of tapping, and no markings for process steps. Each file contains different
tapping times, different sampling points for each tapping, different peak values,
different waveforms, and whether there is a pause between different tappings is not

Vil
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certain. How to define a tapping cycle for tapping current data is a challenge.

M2) By visiting a small-scale CNC milling machining shop to observe the tapping
process, understand the corresponding performance of the tapping process steps and
the load current data of the tapping spindle. Based on the performance characteristics
of the spindle load current corresponding to the tapping process steps, find out the
starting point and end point of the spindle load current data corresponding to the
tapping process, and define the tapping cycle presented by the spindle load current.

P3) Tapping cycle data feature extraction problem: The tapping process includes seven
steps in total, and there are many current data points in a single tapping processing
cycle. How should important feature points in the cycle data be extracted to facilitate
the early warning judgment of tapping tool breakage?

C3) There are many data points in a single tapping cycle, and the length of the data points
is different. In the experimental data, the current data points in a single tapping cycle
range from 612 points to 4080 points. How to extract important feature points from
many data points is the challenge.

M3) The spindle load current of tapping processing will rise and fall with the cutting
resistance of the tapping tool, and there is a phenomenon that the greater the cutting
resistance, the higher the spindle load current, and the easier the tapping tool breaks.
Inspired by the above phenomenon, and supported by the decision tree model of
machine learning, it is deduced that the current peak value of the downward cutting
in a tapping cycle is the most important feature for judging whether the tapping tool
breaks.

P4) Design problem of early warning method for tapping tool breakage: The goal of this
research is to replace the tool or perform tool maintenance before the tapping tool
breaks. In order to consider and simulate the order form of small number of products

Vil
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in a single order in a small-scale milling machining shop, the amount of data
collected in the experiment is small, and there is a lack of complete data on cutting
tools from new to broken, and the parameters of the same cutting tool are not
necessarily the same. How do we design an effective early warning method for
tapping tool breakage under the condition of a small amount of spindle load current
data of the tapping tool?

C4) In the case of a small amount of processing in a small-scale CNC milling machining
shop, there are few data of the same processing conditions, and the same tool is often
processed under different processing parameters. It is a challenge to design an
effective early warning method for tapping tool breakage under the condition of a
small amount of data, only one sensing data, and different processing parameters.

M4) The degree of wear of the tapping tool is positively correlated with the cutting
resistance, and is also positively correlated with the current characteristic point of
the tapping tool (that is, the peak value of the downward cutting current). The sharper
the value of the current feature point rises, the easier it is for the tapping tool to break.
Based on the above observations, this study uses the concept of using a normal
distribution to judge abnormalities with 3 times the standard deviation as an
inspiration, assuming that the current characteristic point value of the tapping tool is
a normal distribution, to design when the current characteristic point value of the
cycle is higher than three times the standard deviation of the current characteristic
point value used to the previous cycle, the cycle is early warned as the cycle before
the breakage, and the word "ALARM" will be displayed on the computer screen to
remind the mill machinist to check whether the tapping tool has iron filings sticking
or other situations that affect the tapping process. If there is no situation that affects
the tapping, replace the tool. If there is a situation that affects the tapping, continue

IX
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processing after the situation is eliminated.
The research findings and contributions of this paper are as follows:

(1) Installing a voltage reading device in parallel on the existing spindle load ammeter
of the CNC milling machine can provide the value of collecting spindle load data
for CNC milling machines whose controllers are not open to users. It is non-invasive
and does not affect the operation and maintenance of the equipment.

(2) Adata set of spindle load current for CNC milling machine tapping cutter processing,
a total of 800 cycles, is created. The data set contains 9 tapping tools of size M5 and
3 tapping tools of size M4 that are new and unworn or have been used and worn.
The cycles of data are collected under the condition of the same processing method
and the same workpiece material that is S45C, but different processing parameters,
such as tool speed, processing depth, with or without cutting fluid.

(3) In the experimental data, among the 4 tapping tools with breakage cycle and the
tapping cycles are greater than 47 cycles, the algorithm can successfully warn the 4
tapping tools 3 to 47 cycles before the breakage. Others' experiments have shown
that the total processing cycle of the same type of tapping tool can differ by dozens
or even as high as 500 or more cycles. The algorithm early warning cycle range of
this research concentrates the range of the tapping tool's processing cycle difference
by at least half, and the false alarm rate is less than 0.5%, which is extremely low.

(4) The running time of the algorithm proposed in this research is about 1.5 ms, and less
data is required as a benchmark for early warning of tapping tool breakage. It can
also be applied to different processing parameters, and is suitable for small-scale
CNC milling machining shops with the order form of a small-volume large-variety

mode.

(5) This study only needs one sensing data spindle load current, combined with the

X
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data preprocessing and algorithm proposed in this study, the experimental results
show that the accuracy rate of early warning before the tapping tool breaks 1s 66.7%,
compared with others who only using current sensing data, the accuracy rate of
judging severe wear of the milling cutter (stage before breakage) was 40%, an
increase of 26.7%. The cost of the spindle load current reading device used in this
study is about NT$15,000. Compared with the research that requires more than two
kinds of sensing data, the cost of the sensor and its reading device is reduced by at
least 50%.

(6) This study shows that the existing spindle load current gauge of the CNC milling
machine controller can be integrated with a non-invasive reading device to design a
tapping tool breakage warning system. A spindle load current reader and a laptop
only need to be added outside the CNC milling machine , and the integration is
carried out through data transmission via the Ethernet cable. The cost of system
development and construction is estimated to be about NT$30,000. It provides an
affordable early warning solution for tapping tool breakage for small-scale milling

machining shops.

Keywords: CNC milling machine, tapping tool, breakage warning, spindle load current
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3. while len(start) < number of cycle
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Appendix

A. Wilcoxon Sensing Technologies 3= # g iB| & 786A 2_ .1 [WST18]

786A

SPECIFICATIONS

Sensitivity, £5%, 25°C
_Acceleration range, VDC > 25V
Amplitude nonlinearity

Transverse sensitivity, max
Temperature response: -55°C

'Power requirement:
Voltage source
Current reguiating diode

Electrical noise, equiv. g:

Broadband 2.5 Hz to 25 kHz
Spectral 10 Hz
100 Hz

1,000 Hz

Output Irﬁpéd? nce, max
_ Bias output voltage
Grounding
Temperature range
Vibration limit

Shock limit

:Elactromagnatlc sensitivity, equiv. g, max

“Sealing

Base strain sensitivity, max
- Sensing element design
Weight

B. CNC 4 % [Wik23b]

100 mVig

80 g peak

3-5,000 Hz
1-9,000 Hz
0.5- 14,000 Hz

5% of axial

-20%

+10%

18 -30VDC

2-10 mA

700 ug
10 pg/vVHz
5 pg/VHz

5 pg/vHz

100 Q

12 VvDC

case isolated, internally shielded

55" to +120°C

500 g peak

5,000 g peak
' 70 pg/gauss

hermetic

0.0002 g/pstrain

PZT, shear

: 90 grams

CNC 2 % % Computer Numerical Control » ¥ < % § "a#ici@ 4] - CNC z‘i'\?ﬁ

d R AR R RS o % CNCeipE ¢ m%ﬁ%] » T PaARss 0 K
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