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Abstract

In this paper, a connection between vibration amplitude and tool wear when drilling of
IS3048 steel utilizing different dimensioned tools is dissected through tests. Discriminant
features, which are sensitive to drill wear and breakage, were developed. These were
discovered to be somewhat impervious toward sensor location and cutting conditions. In
the process, the vibration amplitude features a checking highlight dependent on
ascertaining both the tools and their performance over vibrations, which was discovered to
be somewhat powerful for on-line identification of drill tool breakage in both frequency
and time domains. These vibrational amplitude signal features are directly affected, related
to the tool geometry, which give higher chances of tool selection criteria during the drilling
process. The experiments were carried out using solid carbide tool with change in tool
geometry under dry conditions where the vibration amplitude for both is evaluated. The
results revealed that cutting tool vibrational amplitude and tool wear were relatively
dependent showing the tool selection of suitable tool geometry.
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Introduction
A significant explanation for the incidence of damage is accelerated wear of the instru-

ment due to the abrasive workpiece materials. Drill geometry is an important aspect

that defines the consistency of the hole being drilled. Recommendations are given to

assist in the selection of the appropriate drill for the desired criterion of hole quality.

Drilling, generally utilized machining process, is addressed roughly 60% of all material

removal tasks performed in an industry. Ordinarily, turn drill tools are utilized within

a breadth ranging from 1 to 20 mm. One of the disappointments of drilling happens by

one of the two ways, either by causing crack in tool or by wear [1]. It was evident that

under typical cutting conditions, failure because of tool breakage was seen with smaller

drills which are < 3 mm diameter, while unnecessary wear was the prevailing failure ap-

proach with bigger drills that are > 3 mm diameter. Drill tool wear and failure impact

the dynamic qualities of the drilling cyclic process [2]. Worn-out drill tool produces vi-

bration signal characteristic of the drill tool conditions during machining [3]. The
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vibrations produced can make the drill “wander” from its actual axis center which

causes improper holes tolerances. These imperfections are of specific significance for

high-speed machining with accuracy. Such a cycle is normal in the aeronautical and

automotive industry and for machining of aluminum parts and cast-iron.

Computerization of these tasks require the turn of events of dependable strategies for

on-line detection of tool damage and tool wear. A few detecting strategies have been

accounted for in the writing by different investigators who managed the issues of recog-

nizing crack in the tool, edge chipping, wear, and poor manufacturing quality. These

methods incorporate acoustic discharge, touch sensors, power, vibration, forces, and vi-

sion systems with respect to torque. Insights identified with the utilization of different

monitoring methods in machining are touch probes tests which are regularly used to

identify drill cause failures. Despite the fact that these sorts of tests are for the most

part solid, their scope of utilization is somewhat restricted in a few regards [5]. Condi-

tion monitoring power was accounted for and has been roughly 80% fruitful in distin-

guishing drill environments [4]. This sort of checking involves measurement of voltage

and the current of the shaft armature. Estimation of the axle speed is additionally

needed to figure out the relating torque. Trial contemplates performed by a few exam-

iners [5] demonstrate that various combinations of cutting conditions bring about vari-

ous amounts and measures of drill wear. Various drill tool wear patterns might change

the subsequent vibration features in the frequency spectrum. Thus, it is important to

examine and study the impact of each sort of wear [6] on the vibration spectrum gener-

ated during drilling process.

Vibration monitoring [7] methods applied in practical to the inspection of tool failure

have been accounted for by a few specialists. The upsides of these procedures incorpor-

ate simplicity of execution and the way that no alterations to the machine [8] apparatus

or the workpiece installation are required, notwithstanding the drawbacks revealed in

the writing incorporate reliance of the vibration signals [9] on workpiece material, ma-

chine structure and, cutting conditions. Obviously, extra examination is needed to fos-

ter reasonable vibration monitoring procedures which are sensitive to tool [10] state

yet generally insensitive toward cutting conditions [11], sensor area, and so on. The

current work manages the advancement of vibration-based monitoring techniques for

recognizing breakage of smaller size drills having < 3mm diameter and tool wear of

bigger drills that are having diameter > 3 mm. The qualities of the vibration signature

analysis [12] were analyzed in time domain as well as frequency displacement spectrum.

Vibrations signal feature highlights were advanced and were demonstrated to be com-

pelling in detection of drill tool failure [13] and wear [14] while being insensitive to-

ward disparities in cutting conditions. The viability of the proposed tool monitoring

features was confirmed from experiments on drilling cast-iron workpieces utilizing

solid carbide drills.

Methods
For the dry drilling process, tools of Ø7mm solid carbide drill bit and Ø3mm were

used to analyze the vibrations which occurred at various diameters while drilling hole.

The workpieces of IS3048 steel having chemical and mechanical properties and tool

specifications are given in Table 1, which were drilled on a BFW –BMV 60 CNC verti-

cal machining center as shown in Fig. 1. The experiments were carried at changing
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cutting speed using the Taguchi L9 orthogonal array method. The experimentation

setup is shown in Fig. 1, and the study was performed on a VB7 GE vibration analyzer

(LDV) to analyze the vibrations intended during drilling with solid carbide cutting

tools. The details of the experimentation are given in Table 2, and the setup rig is

shown in Fig. 1.

The drill tools of Ø7mm and Ø3mm solid carbides are set for machining of IS3048

steel as per conditions designed using the Taguchi L9 orthogonal array method. The

experimentation was carried out with nine test conditions (TC1 to TC9) of feed rate

(f), rotational speed (N), and depth of cut (d).

Table 1 Chemical composition and mechanical properties of IS3048 workpiece (IS:3048-1965: UDC
621-514.59 Indian Standard Dimensions for Handwheels)

Designation Chemical composition Mechanical properties

Posco C Cr Ni Yield strength
(N/mm2)

Tensile strength
(N/mm2)

Elongation
(%)

Hardness
(Hv)

IS3048 ≤
0.08

18.0 20.0 80.00 10.50 ≥ 205 ≥ 520 ≥ 40 ≥ 200

Tools specifications: solid carbide tool

Parameters Tool A Tool B

Diameter 7 mm 3mm

Shank diameter 8 mm 5mm

Cutting edge
length

38 mm 35mm

Overall length 165mm 100mm

Fig. 1 BFW–BMV 60 CNC vertical machining center
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Cutting tool vibrations

The vibration information created during cutting were estimated utilizing the VibSoft

software, and the equipment hardware accelerometer mounted on the drill tool holder

at Z-axis and vibrations of the tool were plotted as shown in Fig. 2, Fig. 3, Fig. 4, Fig. 5,

Fig. 6, Fig.7, and Fig. 8. Subsequently, the vibration information gathered by the Type

8762A accelerometer were studied using VibSoft Console, and the amplitude values of

Z-axis taking average for each tool were plotted. Type 8762A accelerometer is a special

shear sensor component that highlights very low vibrational amplitude transient reac-

tion, a high insusceptibility to base strain, and crossover speed increase. A high-level

advanced configuration gives remarkable signal response, just as a wide frequency

working range. The lightweight, aluminum lodging is epoxied and anodized covered to

give ground isolation. VB7 GE vibration analyzer (LDV) is used for measuring the vi-

brations. Tests were expected to distinguish the presence of vibration parameters all

through the experimentations utilizing a LDV as feedback device gadget for non-

contact vibration inspection. During machining, vibrations brought about by unex-

pected conflict of a cutting tool against a work material as an outside excitation will in-

fluence the machining quality. To acquire the exact information about the reasons for

such vibrations, this attainability study estimated the vibrations and tool conditions in

symmetrical cutting utilizing a vibration analyzer. A lot of information were directly

measured or post-processed. Some comparisons between the collected data were made.

Table 2 Proposed experimental test setup

CNC drilling operation

Equipments used in the experiemnt BFW–BMV 60 CNC vertical machining center

Sensors used (DAQ) VB7 GE vibration analyzer (LDV)

Workpiece materials (%C is similar) IS3048 steel
150 × 150 × 10mm

Cutting tools Ø7mm solid carbide drill bit, Ø3 mm solid carbide drill bit

Fig. 2 Test condition (TC1) for tool A
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The main focus is on the vibrations which occurred among the tools which are ob-

served to be with change in diameter affecting the machining quality with respect to

the tool wear caused. The vibration amplitudes of the drill tools with varied geometries

increased with cutting speed at z-axis. The point of this work is to create exploratory

information base for the advancement of another, easy to utilize and solid reliable tech-

nique for locating and observing wear on the cutting drill tool through vibration signa-

ture analysis among varied tool geometries.

Tool rejection adopted for in the current study

Drill tool exclusion requirements have been tested using both ISO 3685 and ISO 10816

in the current report. With ISO 3685 normal deliberations, three tool wear (VB)

Fig. 3 Test condition (TC8) for tool A

Fig. 4 Test condition (TC9) for tool A
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restrictions are well thought out, and VB 0.3 mm is treated as a cutoff value for drilling

activity. To determine the state of the tool-based vibration frequency, the displacement

parameter value ≤ 60 μm and RMS velocity of the spinning object ≤ 4.5 mm/s along

with acceleration are used in compliance with ISO 10816-3 requirements for vibration

intensity.

Results and discussion
The results obtained in real-time analysis during machining are studied and analyzed

to determine the tool performance based on vibrations and tool wear with respect to

the cutting tool conditions. The tool vibrations were measured for horizontal and axial

directions as shown in Table 3. The drill tool was analyzed for vibrations with respect

to the optimized test conditions (TC1, TC,..TC9) with the L9 orthogonal array method.

Fig. 5 Test condition (TC1) for tool B

Fig. 6 Test condition (TC5) for tool B
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The depth of cut, feed, and speed are varied for both the tools and measuring velocity

at horizontal and axial alongside with horizontal and axial accelerations, since for meas-

uring, the vibrations generated accurately the horizontal vibrations, which are consid-

ered for better understanding. The vibrations recorded are in Table 3 and Table 4 for

tool A and tool B, respectively.

From Table 3, the experiments from TC1 (test condition 1) to TC9 (test condition 1)

are conducted with optimized parameters, and the horizontal acceleration is recorded

with increased speed which is shown in Table 3. Similarly, the observations are tabu-

lated for tool B which is shown in Table 4.

Table 3 and Table 4 represent the real-time vibrations results obtained during ma-

chining with tool A and tool B.

Fig. 7 Test condition (TC8) for tool B

Fig. 8 Test condition (TC9) for tool B
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Tool vibration analysis

From the results obtained during real-time observations of drilling of work materials

with different tool geometries, the vibrations are analyzed for tool A and tool B.

Tool A

The recorded plots of spectrographs are shown in Fig. 2, Fig. 3, and Fig. 4, in which the

time-domain to frequency-displacement is observed.

From the plots of tool A as shown in Fig. 2, the amplitude of vibrations is obtained

by converting the time-domain to frequency-displacement with the help of FFT (fast

Fourier transforms) where the vibrations induced are minimal at TC1 (test condition 1)

and Fig. 3, which observed that the amplitudinal frequency of vibrations is 3.0156 Hz at

TC8 which is the highest horizontal acceleration generated during drilling of the

IS3048 steel. The minimal horizontal acceleration is observed to be 0.8228 Hz which

can be told as the initial cutting operations at TC1 performed which is presented in

Fig. 4. Similarly, the vibrational amplitude is observed higher at TC9 in tool B, i.e.,

1.8562 Hz which is shown in Fig. 8. The minimal vibrations are observed at TC1 as

plotted in Fig. 5, and moderate vibrations induced at TC5 and TC6 are as shown in

Fig. 6 and Fig. 7. The plots generated for tool B with test conditions of TC1, TC5, TC8,

and TC9 are shown in Fig. 5, Fig. 6, Fig. 7, and Fig. 8, respectively.

Table 3 Vibrational data of tool A

Test
condition

Feed rate,
mm/rev (f)

Rotational
speed, rpm
(N)

Depth of
cut, mm (d)

Horizontal
velocity V

Axial
velocity
V

Horizontal
acceleration
m/s2

Axial
acceleration
m/s2

TC1 0.5 600 8 1.7392 1.6420 0.8228 0.6136

TC2 0.1 600 10 1.9538 1.1190 0.8258 0.6062

TC3 0.2 600 12 1.8427 2.9375 2.1817 1.9839

TC4 0.5 900 10 1.7212 1.6350 1.793 0.7548

TC5 0.1 900 12 1.7301 1.7859 1.4823 1.2356

TC6 0.2 900 8 1.8122 1.6589 2.6585 0.2546

TC7 0.5 1200 12 1.7985 1.5685 2.952 1.7985

TC8 0.1 1200 8 1.7785 1.2356 3.0156 1.5898

TC9 0.2 1200 10 1.8919 1.2485 2.9982 1.5656

Table 4 Vibrational data of tool B

Test
condition

Feed rate,
mm/rev (f)

Rotational
speed, rpm
(N)

Depth of
cut, mm (d)

Horizontal
velocity V

Axial
velocity
V

Horizontal
acceleration
m/s2

Axial
acceleration
m/s2

TC1 0.5 600 8 1.2426 1.1910 1.0309 0.7630

TC2 0.1 600 10 1.6177 1.5565 1.417 0.4372

TC3 0.2 600 12 1.3862 1.2897 0.6472 1.2106

TC4 0.5 900 10 1.4154 1.2758 1.321 0.2456

TC5 0.1 900 12 1.5626 1.2565 1.6895 1.5689

TC6 0.2 900 8 1.6589 1.2855 1.6258 0.2565

TC7 0.5 1200 12 1.2565 1.4565 1.8452 1.5265

TC8 0.1 1200 8 1.5689 1.6252 1.0548 0.254

TC9 0.2 1200 10 1.7899 1.7895 1.8562 1.2356
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Tool B

The recorded plots of spectrographs are shown in Fig. 4, Fig.5, Fig. 6, Fig. 7, and Fig. 8

in which the time-domain to frequency-displacement is observed.

The plots are obtained and recorded during drilling process with tool A and tool B as

shown in Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7, and Fig. 8. High peaks are observed

in the frequency-displacement curves where it is considered as the highest vibrations

generated. Based on the data, data is plotted as shown in Table 3 and Table 4; so as to

clearly understand the vibrations generated, individually, the tools are analyzed for vi-

brations as shown in Fig. 2, Fig. 3, and Fig. 4 for tool A.

Comparative vibrational analysis in tools

Figure 9 shows the comparative vibrational analysis in tool A and tool B. During ma-

chining, enormous amounts of vibrations are generated, since so as to clearly analyze

the vibrations, the varied tools are comparatively studied as shown in Fig. 9. Since the

diameter of tool A is more when compared to that of tool B, higher amounts of vibra-

tions are generated.

From Fig. 9, it was clearly understood that the test condition of TC8 generated the

highest vibrations, i.e., 3.0156 Hz for tool A and TC7, i.e., 1.8452 Hz for tool B. The

finding of the change in parameters with respect to the change in tool dimensions af-

fects the tool performance. The lowest vibrations are generated at TC1 having 0.8228

HZ for tool A and 0.6472 Hz for tool B at TC3. The cutting parameters of TC1 for tool

A is observed with speed (N) having 600, feed (f) having 0.5 mm, and depth of cut (d)

having 8 mm. In the same way, the lowest vibrations were generated at the initial state

of machining where the cutting parameters of TC3 (test condition 3) for tool B having

speed (N) having 600, feed (f) having 0.2 mm, and depth of cut (d) 12 mm.

Tool wear analysis

In this examination, the connection among vibration and the tool wear and further-

more impact of sensor location in monitoring the tool condition were explored during

Fig. 9 Comparative vibration analysis of tool A and tool B
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machining process. For this reason, a progression of experiments led in a CNC vertical

drill machine. Tools of Ø7mm and Ø3mm solid carbide drills along with an IS3048

steel for machining were used for experiments, notwithstanding, in reasonable reality,

the arrangement of the sensor in a consistent situation from a drill zone is not possible,

where it is made exactly high amplified to capture the features required for examin-

ation. From the experimentation post examinations of the tools, the wear of the flank

was observed using SEM at highest peak of frequency displacement plots for tool A

and tool B which is as shown in Fig. 10 and Fig. 11.

At the cutting zone conditioned with high pressure inducing vibrations, the wear at

the material removal zone is increased thereby forming debris of the tool and resulting

in the foundation of built-up-edges (BUE) at in tool A. This is observed as shown in

the SEM images magnified at various resolutions for the experiments conducted as

shown in Fig. 10. The EDS analysis for the wear observed clearly showed the embed-

ding of foreign materials at the BUEs formed. Similarly, when tool B wear is observed

as shown in Fig. 11 along with the EDS analysis with less composition when compared

to tool A, it resulted in the highest wear recorded when compared to tool B. This re-

sults in reducing of tool life with the formation of tool debris in the cutting edge. Thus,

tool life is observed extended for machining operations with smaller diameter when

compared with larger diameter in tools.

This work provides a varied amplitude from the vibrational signal features obtained

for the real monitoring of the tool state, which is the most delicate statistical parameter

than other measurable parameters such as exponential, standard deviation, root mean

square (RMS), max-min, peak, and mean. The findings revealed that the vibration amp-

litude of the variation did not increase dramatically until a 0.30-mm flank wear value is

achieved, over which the amplitude of vibration increased considerably.

Conclusions
The finding of the change in parameters with respect to the change in tool dimensions

affects the tool performance.

Fig. 10 SEM images of tool A under dry conditions and EDS analysis
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� The lowest vibrations are generated at TC1 (test condition 1) having 0.8228 HZ for

tool A and 0.6472 Hz for tool B at TC3.

� The cutting parameters of TC1 for tool A is observed with speed (N) having 600,

feed (f) having 0.5 mm, and depth of cut (d) having 8 mm.

� The cutting parameters of TC3 for tool B having speed (N) having 600, feed (f)

having 0.2 mm, and depth of cut (d) 12 mm where the lowest vibrations were

generated at the initial state of machining.

� The tool wear of the tool A is observed higher when compared to tool -B of its

lesser diameter.

The intensity of the vibration has been shown to increase with the development of

tool wear. This paper explains the direct relationship between tool flank wear and the

vibrational amplitude. For both solid carbide drills, the variance amplitude flank wear

up to 0.3 mm is 10 times greater than the amplitude of the worn-out tool. Shift in amp-

litude due to distance between the sensor and the drill hole was observed for specific

cutting conditions and wear state. It can be inferred that the models of tool wear estab-

lished in previous studies are restricted to the constant position of the sensor. In the fu-

ture, the tool wear model-nullifying technique will be established to compensate for the

difference in amplitude due to distance variation from the sensor position.

Abbreviations
TC1, TC2,…TC9: Test condition 1, test condition 2,…test condition 9; TCM: Tool condition monitoring; LDV: Laser
Doppler vibrometer; BUE: Built-up-edge

Acknowledgements
We thank GITAM, University, Visakhapatnam, and DST in providing their assistance ship in helping me getting the
fruitful outcome of the project.

Authors’ contributions
Mr. AVS, presently working as Assoc. Prof in Mechanical Engineering Department at GIET Engineering College
Rajahmundry, India. Presently, i am pursuing my part-time Ph.D. at GITAM University, Visakhapatnam, in mechanical en-
gineering under the guidance of Dr. Balla Srinivasa Prasad. I have 14 years of teaching experience and 6 years of indus-
trial experience.Dr. BSP, presently working as Associate Professor in Mechanical Engineering, GIT, GITAM,
Visakhapatnam, India, since 2003. He graduated in B.E (Mechanical Engg) from Andhra University—Visakhapatnam,
Master’s degree in Production Engineering from S V University, Tirupati. He was awarded Ph.D. from Andhra University
in 2010. Dr. Balla so far published 30 peer-reviewed publications and actively engaged in research in fields of additive
manufacturing, tool condition monitoring, and multi-sensor fusion.Mr. KVVNRCM is a research scholar in GITAM

Fig. 11 SEM images of tool B under dry conditions and EDS analysis

Sridhar et al. Journal of Engineering and Applied Science           (2021) 68:27 Page 11 of 12



Deemed to be University, Visakhapatnam, India, under the guidance of Dr. Balla Srinivasa Prasad. He is presently work-
ing as an assistant professor in one of the reputed colleges in mechanical department, affiliated to JNTU Kakinada,
India. He had done his master’s in CAD/CAM from GITAM and graduated from B.Tech. (Mechanical Engg) from JNTU
Kakinada. His research interests include additive manufacturing and multi-sensor fusion techniques.All authors have
read and approved the manuscript.

Funding
Dear Editor,
This work is part of a Science and Engineering Research Board, DST, Govt. of India funded project through funding
order D.O: SERB-DST, New Delhi, India (SB/FTP/ETA-262/2013) to my research supervisor Dr. B. Srnivasa Prasad, Associ-
ate Professor, Mechanical Engineering, GIT, GITAM Deemed to be University, Visakhapatnam, India. We confirm that this
work is original and has not been published elsewhere and not currently under consideration for publication
elsewhere.

Availability of data and materials
he dataset on which this paper is based is too large to be retained or publicly archived with available resources.
Documentation and methods used to support this study are available from Dr. Balla Srinivasa Prasad at GITAM
University, Visakhapatnam

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 15 July 2021 Accepted: 3 October 2021

References
1. Tian, J., Fu, C., Yang, L., Yang, Z., Pang, X., Li, Y., Zhu, Y. and Liu, G., 2015. The wear analysis model of drill bit cutting

element with torsion vibration. Adv Mech Eng, 7(1), p.254026.
2. Yu H, Lian Z, Lin T, Liu Y, Xu X (2016) Experimental and numerical study on casing wear in highly deviated drilling for

oil and gas. Adv Mech Eng 8(7):1687814016656535
3. Cao XC, Chen BQ, Yao B, He WP (2019) Combining translation-invariant wavelet frames and convolutional neural

network for intelligent tool wear state identification. Comp Industry 106:71–84. https://doi.org/10.1016/j.compind.201
8.12.018

4. Hesser DF, Markert B (2019) Tool wear monitoring of a retrofitted CNC milling machine using artificial neural networks.
Manufacturing letters 19:1–4. https://doi.org/10.1016/j.mfglet.2018.11.001

5. Li X, Dong S, Venuvinod PK (2000) Hybrid learning for tool wear monitoring. Int J Adv Manu Technol 16(5):303–307.
https://doi.org/10.1007/s001700050161

6. Dimla DE (2002) The correlation of vibration signal features to cutting tool wear in a metal turning operation. Int J Adv
Manu Technol 19(10):705–713. https://doi.org/10.1007/s001700200080

7. Yarar E, Karabay S (2020) Investigation of the effects of ultrasonic assisted drilling on tool wear and optimization of
drilling parameters. CIRP J Manu Sci Technol 31:265–280. https://doi.org/10.1016/j.cirpj.2020.06.002

8. Wang L, Mehrabi MG, Kannatey-Asibu E Jr (2002) Hidden Markov model-based tool wear monitoring in turning. J.
Manuf. Sci. Eng 124(3):651–658. https://doi.org/10.1115/1.1475320

9. Hsieh WH, Lu MC, Chiou SJ (2012) Application of backpropagation neural network for spindle vibration-based tool wear
monitoring in micro-milling. Int J Adv Manu Technol 61(1-4):53–61. https://doi.org/10.1007/s00170-011-3703-x

10. Chen N, Hao B, Guo Y, Li L, Khan MA, He N (2020) Research on tool wear monitoring in drilling process based on APSO-
LS-SVM approach. Int J Adv Manu Technol 108(7-8):2091–2101. https://doi.org/10.1007/s00170-020-05549-7

11. Ertunc HM, Loparo KA (2001) A decision fusion algorithm for tool wear condition monitoring in drilling. Int J Machine
Tools and Manufacture 41(9):1347–1362. https://doi.org/10.1016/S0890-6955(00)00111-5

12. Zhu K, Yu X (2017) The monitoring of micro milling tool wear conditions by wear area estimation. Mechanical Systems
and Signal Processing 93:80–91. https://doi.org/10.1016/j.ymssp.2017.02.004

13. An Q, Tao Z, Xu X, El Mansori M, Chen M (2020) A data-driven model for milling tool remaining useful life prediction
with convolutional and stacked LSTM network. Measurement 154:107461. https://doi.org/10.1016/j.measurement.2019.1
07461

14. Drouillet C, Karandikar J, Nath C, Journeaux AC, El Mansori M, Kurfess T (2016) Tool life predictions in milling using
spindle power with the neural network technique. Journal of Manufacturing Processes 22:161–168. https://doi.org/10.101
6/j.jmapro.2016.03.010

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Sridhar et al. Journal of Engineering and Applied Science           (2021) 68:27 Page 12 of 12

https://doi.org/10.1016/j.compind.2018.12.018
https://doi.org/10.1016/j.compind.2018.12.018
https://doi.org/10.1016/j.mfglet.2018.11.001
https://doi.org/10.1007/s001700050161
https://doi.org/10.1007/s001700200080
https://doi.org/10.1016/j.cirpj.2020.06.002
https://doi.org/10.1115/1.1475320
https://doi.org/10.1007/s00170-011-3703-x
https://doi.org/10.1007/s00170-020-05549-7
https://doi.org/10.1016/S0890-6955(00)00111-5
https://doi.org/10.1016/j.ymssp.2017.02.004
https://doi.org/10.1016/j.measurement.2019.107461
https://doi.org/10.1016/j.measurement.2019.107461
https://doi.org/10.1016/j.jmapro.2016.03.010
https://doi.org/10.1016/j.jmapro.2016.03.010

	Abstract
	Introduction
	Methods
	Cutting tool vibrations
	Tool rejection adopted for in the current study

	Results and discussion
	Tool vibration analysis
	Tool A
	Tool B

	Comparative vibrational analysis in tools
	Tool wear analysis

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Competing interests
	References
	Publisher’s Note

