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High-precision systems such as the automatic regrinding in-line equipment provide intelligent regrinding of micro
drill bits; however, immediate monitoring of the grinder during the grinding process has become necessary because
ignoring it directly affects the drill bit’s life and the equipment’s overall utility. Vibration signals from the frame and
the high-speed grinding wheels reflect the different health stages of the grinding wheel and can be exploited for

intelligent condition monitoring.
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vibration signals

| 1. Introduction

Maintenance costs have been shown in recent studies WIE! to contribute a significant portion of total operating
costs. This has motivated industries towards integrating cost-efficient technologies (and practices) into their daily
operations. In addition to this perspective, safety and reliability are often prioritized for ensuring maximum profit,
maintaining ethical obligations, minimizing downtime, and achieving optimal utility of equipment 2Bl As a
consequence, intelligent equipment and tool monitoring, fault diagnosis, and prognostics are currently being
integrated into maintenance management modules, and thanks to artificial intelligence (Al), intelligent monitoring
has gradually attracted attention from industries since they require little or no domain knowledge, are user-friendly,

and offer minimal false alarm rates 413,

In the modern manufacturing industry, high-density packaging technologies have become an unavoidable
requirement. The design of printed circuit boards (PCB) demands high-precision cutting and drilling of small holes
(as small as 0.1 mm or less), which requires the use of micro drill bits [&!. Due to prolonged usage, the micro scale,
hole-location errors, reaming, and their brittle and delicate nature, drill fractures/breakage often occur during the
drilling process. More often than not, these drill bit failures can be traced to the high-frequency vibrations generated
during the drilling process; therefore, the demand regular tool monitoring and maintenance—regularly sharpening
1. Most investigations on the vibration of micro drilling are focused on only drill self-structure. However, it is also
important to monitor the maintenance efficiency of the drill bit regrinding machine to ensure that at all times, the

drill bits produce the desired surface finish and geometrical accuracy of the finished workpiece—PCB.
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Several direct, indirect, and/or hybrid tool monitoring techniques/technologies have been studied B8 Direct
methods such as optical devices and cameras, although more reliable for accurate monitoring, are faced with
certain limitations. Their real-time usability may be affected since ARIS wheels rotate at high speeds and may
produce unclear images in real-time, which often require interrupting the machine. Further, finding an optimal
camera localization point is another major challenge. Against these limitations, indirect methods—cutting force,
acoustic emission, spindle motor, temperature, vibration, machining sound, etc.—offer real-time efficiencies and
the integration of multiple sensing opportunities for fully extracting deep and shallow machine behavior for optimal
condition monitoring /. In addition, recent technological advancements have ushered in intelligent algorithms and
the super computational resources for harnessing them—for intelligent tool monitoring . These intelligent
algorithms, such as convolutional neural networks (CNN) !, recurrent neural networks (RNN), auto encoders (AE)
29 and MLPs 1 are quite robust for diverse predictive maintenance and equipment monitoring purposes and
have been reported in many studies, including but not limited to hydraulic equipment monitoring &I, remaining
useful life estimation, wear detection @, and machinery fault diagnostics and prognostics 12138l Unlike the
traditional Bayesian methods that require a significant level of hand-crafted discriminative and/or non-discriminative
feature extraction as the case study demands, these intelligent algorithms—deep learning (DL) models—are
designed to accept raw sensor inputs and follow a series of advanced mathematical processes for automatic
feature extraction and predictive modeling in a comprehensive framework with less dependence on domain
knowledge. Nonetheless, finding a balance between computational costs and accuracy remains a challenge,
especially for real-time cases where both factors play major roles in the decision-making, selection, and

deployment.

| 2. Monitoring of Micro Drill Bit Automatic Regrinding

Precision drilling, which requires an accurate drilling process, ensures a high-quality product; however, it is
essential to understand the condition and dynamic performance of a drill bit in a drilling process, especially for
high-speed micro drilling, to reduce the risk of hole-location errors, reaming fractures, and drill fractures [,
Although only a few studies have examined the dynamics of drilling processes that result in undesirable effects,
such as chatter and drill breaks, most studies have shown that breakage is the most common cause of drill failure,
and this is most often traced to excessive drilling forces in the drilling process, as well as drill bit bluntness 143!,
Cutting chip geometry and symmetry can significantly affect the cutting and dynamic properties of a drill bit. Even
the tiniest variation in the complex geometry or symmetry of a cutting chip can significantly affect the cutting and

dynamic properties of a drill bit.

As the recent industry 4.0 revolution becomes more apparent, which interestingly features micro (nano)
technological advancement (amongst many other technologies), PCB production requirements are prioritizing
higher cost efficiency, which invariably implies that PCBs are becoming smaller in size. This also implies a
reduction in hole sizes on these PCBs to accommodate for the numerous micro chips and electronic units (18],
Unlike the past PCB holes that featured a minimum diameter of ¢0.2 mm, recent PCBs feature more miniature

holes that are ( $0.15 — ¢0.075 mm) in diameter and are in higher demand. Unfortunately, these micro drill bits
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are difficult to regrind and are often scrapped after use. Therefore, it becomes imperative to devise reliable
regrinding solutions that would minimize drill breakage, hole-location errors, reaming fractures, and drill fractures.
Interestingly, the micro drill bit ARIS developed by Instern Co. Ltd., Seoul, Korea, offers a highly reliable (intelligent)
solution for regrinding micro drill bits with high efficiency and durability 18: however, amidst its efficiencies, due to
the micro scale of these drill bits, the regrinding wheel surface of these high-precision regrinding systems should
be monitored for wear. This is because there is a high positive correlation between the grinding wheel surface wear

and poor cutting chip geometry and symmetry.

On the one hand, vibration monitoring has, by far, been proven across diverse applications to be effective for
condition monitoring applications B2, This is because most industrial equipment produces different ranges of
mechanical vibrations during operation, which change as the equipment operating/health condition changes. On
the other hand, the abundance of signal processing techniques provide conventional paradigms for understanding
the spectral changes in the vibration signals using advanced computational methods, such as FFT, mel frequency
cepstral coefficients, and wavelet transform 22, Interestingly, the regrinding system’s vulnerabilities to mechanical
vibration offer an avenue for critically isolating unique (discriminative) frequency bands in the signals for accurate
condition monitoring to ensure drill bit safety and retain acceptable drill bit efficiencies while achieving desired cost
benefits. For instance, Lee et al. [d explored the efficiencies of the FFT algorithm for isolating (denoising) auditory
signals from the grinding wheel of a G50150 Automatic Surface Grinder machine to enhance the accuracies of a
deep learning-based diagnostic model for wear monitoring. By isolating the discriminative frequency bands
between 300 and 500 Hz, they were able to provide intelligent diagnostic support to assist operators in determining
whether the grinding wheel was worn or not. Moreover, the authors of 18 proposed a comprehensive high-
frequency vibration monitoring system for incipient fault detection and the isolation of gears, bearings and
shafts/couplings in turbine engines and accessories, which feature a time synchronous averaging (TSA)-based
denoising technique for noise reduction from events unrelated to the component of interest. These and many other
studies reflect not just the efficiencies of spectral isolation as a denoising technique, but they also provide a
verifiable rationale for developing computationally cost-effective and intelligent modeling, on the one hand, and
improved discriminative modeling, on the other hand. In this domain, it may become an uphill task to determine
which denoising technique is the most effective (considering all evaluation perspectives). However, the FFT offers

a reliable solution for identifying critical frequency components in a signal 2811121,

References

1. Thomas, D. The Costs and Benefits of Advanced Maintenance in Manufacturing; Advanced
Manufacturing Series (NIST AMS); National Institute of Standards and Technology: Gaithersburg,
MD, USA, 2018.

2. Abidi, M.H.; Mohammed, M.K.; Alkhalefah, H. Predictive Maintenance Planning for Industry 4.0
Using Machine Learning for Sustainable Manufacturing. Sustainability 2022, 14, 3387.

https://encyclopedia.pub/entry/24196 3/5



Monitoring of Micro Drill Bit Automatic Regrinding | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

. Zhao, J.; Gao, C.; Tang, T. A Review of Sustainable Maintenance Strategies for Single

Component and Multicomponent Equipment. Sustainability 2022, 14, 2992.

. Yin, S.; Rodriguez-Andina, J.; Jiang, Y. Real-Time Monitoring and Control of Industrial

Cyberphysical Systems: With Integrated Plant-Wide Monitoring and Control Framework. IEEE
Ind. Electron. Mag. 2019, 13, 38-47.

. Akpudo, U.E.; Hur, J.-W. D-dCNN: A Novel Hybrid Deep Learning-Based Tool for Vibration-Based

Diagnostics. Energies 2021, 14, 5286.

. Huang, B.-W.; Tseng, J.-G. Drilling Vibration in a micro drilling Process Using a Gas Bearing

Spindle. Adv. Mech. Eng. 2020.

. Lee, C.-H.; Jwo, J.-S.; Hsieh, H.-Y; Lin, C.-S. An Intelligent System for Grinding Wheel Condition

Monitoring Based on Machining Sound and Deep Learning. IEEE Access 2020, 8, 58279-58289.

.Jia, F; Lei, Y.; Lin, J.; Zhou, X.; Lu, N. Deep neural networks: A promising tool for fault

characteristic mining and intelligent diagnosis of rotating machinery with massive data. Mech.
Syst. Signal Process. 2016, 72, 303-315.

. Stavropoulos, P.; Papacharalampopoulos, A.; Vasiliadis, E.; Chryssolouris, G. Tool wear

predictability estimation in milling based on multi- sensorial data. Int. J. Adv. Manuf. Technol.
2016, 82, 509-521.

Akpudo, U.E.; Hur, J.-W. Investigating the Efficiencies of Fusion Algorithms for Accurate
Equipment Monitoring and Prognostics. Energies 2022, 15, 2204.

Kim, S.; Akpudo, U.E.; Hur, J.-W. A Cost-Aware DNN-Based FDI Technology for Solenoid Pumps.
Electronics 2021, 10, 2323.

Lee, N.; Azarian, M.H.; Pecht, M.G. An Explainable Deep Learning-based Prognostic Model for
Rotating Machinery. arXiv 2020, arXiv:2004.13608.

Jianyu, L.; Yibin, C.; Zhe, Y.; Yunwei, H.; Chuan, L. A novel self-training semi-supervised deep
learning approach for machinery fault diagnosis. Int. J. Prod. Res. 2022.

Ulsoy, A.G.; Tekinalp, O.; Lenz, E. Dynamic modeling of transverse drill bit vibrations. CIRP Ann.
1984, 33, 253-258.

Fuji, H.; Marui, E.; Ema, S. Whirling vibration in drilling part 3: Vibration analysis in drilling
workpiece with a pilot hole. J. Eng. Ind. 1988, 110, 315-321.

Kuk, Y.H.; Park, S.R.; Park, K.J.; Choi, H.J. A Study on Process Simulation Analysis of the Water
Jet Cleaning Robot System for Micro Drill-bits. Soc. Comput. Des. Eng. 2015, 20, 291-297.

Akpudo, U.; Jang-Wook, H. A Multi-Domain Diagnostics Approach for Solenoid Pumps Based on
Discriminative Features. IEEE Access 2020, 8, 175020-175034.

https://encyclopedia.pub/entry/24196 4/5



Monitoring of Micro Drill Bit Automatic Regrinding | Encyclopedia.pub

18. Watson, M.; Sheldon, J.; Amin, S.; Lee, H.; Byington, C.; Begin, M. A Comprehensive High
Frequency Vibration Monitoring System for Incipient Fault Detection and Isolation of Gears,
Bearings and Shafts/Couplings in Turbine Engines and Accessories. In Proceedings of the ASME

Turbo Expo 2007: Power for Land, Sea, and Air, Montral, QC, Canada, 14-17 March 2007; pp.
885-894.

19. Marple, L. Computing the discrete-time ‘analytic’ signal via FFT. IEEE Trans. Signal Process
1999, 47, 2600—-2603.

Retrieved from https://encyclopedia.pub/entry/history/show/58325

https://encyclopedia.pub/entry/24196 5/5



