
Article Not peer-reviewed version

Effect of Primary Cutting Edge

Geometry on the End Milling of EN AW-

7075 Aluminum Alloy

Łukasz Żyłka * , Rafał Flejszar , Luis Norberto López de Lacalle

Posted Date: 28 October 2025

doi: 10.20944/preprints202510.2138.v1

Keywords: milling; dynamic; vibrations; cutting tool; geometry; zero-clearance flank land

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/878222
https://sciprofiles.com/profile/2937949
https://sciprofiles.com/profile/209036


 

 

Article 

Effect of Primary Cutting Edge Geometry on the End 

Milling of EN AW-7075 Aluminum Alloy 

Łukasz Żyłka 1,*, Rafał Flejszar 2 and Luis Norberto López de Lacalle 3 

1 Department of Manufacturing Techniques and Automation, The Faculty of Mechanical Engineering and 

Aeronautics, Rzeszow University of Technology, W. Pola 2 Str, 35-959 Rzeszow, Poland 

2 Department of Manufacturing Techniques and Automation, The Faculty of Mechanical Engineering and 

Aeronautics, Rzeszow University of Technology, W. Pola 2 Str, 35-959 Rzeszow, Poland 

3 CFAA - Aeronautics Advanced Manufacturing Centre, University of the Basque Country (UPV/EHU), 

Biscay Science and Technology Park, Ed. 202, 48170 Zamudio, Spain 

* Correspondence: zylka@prz.edu.pl 

Abstract 

This study investigates vibration signals generated during end milling of thin-walled EN AW-7075 

aluminum alloy components using a set of 24 tools with distinct cutting-edge microgeometries. Five 

characteristic parameters describing the dynamic response of the process, including both energy-

related and statistical indicators, were extracted and analyzed. The results clearly demonstrate the 

critical influence of tool microgeometry on process dynamics. In particular, the introduction of an 

additional zero-clearance flank land at the cutting edge proved decisive in suppressing vibrations. 

For the most favorable geometries, the root mean square (RMS) value of vibration was reduced by 

more than 50%, while the spectral power density (PSD) decreased by up to 70–75% compared with 

the least favorable configurations. Simultaneously, both time- and frequency-domain responses 

exhibited complex and irregular patterns, highlighting the limitations of intuitive interpretation and 

the need for multi-parameter evaluation. To enable a synthetic comparison of tools, the Vibration 

Severity Index (VSI), which integrates RMS and kurtosis into a single composite metric, was 

introduced. VSI-based ranking allowed the clear identification of the most dynamically stable 

geometry. For the selected tool, additional analysis was conducted to evaluate the influence of cutting 

parameters, namely feed per tooth and radial depth of cut. The results showed that the most favorable 

dynamic behavior was achieved at a feed of 0.08 mm/tooth and a radial depth of cut of 1.0 mm, 

whereas boundary conditions resulted in higher kurtosis and a more impulsive signal structure. 

Overall, the findings confirm that properly engineered cutting-edge microgeometry, especially the 

formation of additional zero-clearance flank land significantly enhances the dynamic of thin-wall 

milling, demonstrating its potential as an effective strategy for vibration suppression and process 

optimization in precision machining of lightweight structural materials. 

Keywords: milling; dynamic; vibrations; cutting tool; geometry; zero-clearance flank land 

 

1. Introduction 

Thin-walled components are widely used across various industrial sectors where manufactured 

parts must meet stringent strength requirements while maintaining minimal weight. For this reason, 

they are frequently employed in the aerospace and space industries [1,2]. From a structural integrity 

perspective, the most effective solution is often to produce thin-walled parts from a single block of 

material to minimize the presence of joints and eliminate casting process. Consequently, milling is 

one of the most widely applied industrial methods for manufacturing such components [3]. 

However, this type of machining poses numerous challenges, even with the current state of 

technology. During milling of low-stiffness structures, problems such as resonance, chatter 

vibrations, and stress accumulation can occur, leading to significant form and surface errors, and in 
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extreme cases, even to wall fracture [4,5]. Selecting a tool with variable pitch or adjusting the cutting 

parameters is typically the first step in mitigating these phenomena, but high-volume production 

often requires more advanced vibration suppression strategies [6]. 

Among effective methods for damping vibrations in thin-walled milling, tool geometry 

modifications have proven particularly beneficial. Tools with variable pitch or crest-cut designs can 

extend the chatter-free cutting range by up to 40% [4]. Passive tuned mass dampers (TMDs) mounted 

directly on the workpiece can reduce the vibration amplitude of thin-walled structures by nearly 50% 

[7], while their enhanced version (LTMDI), installed within the tool holder, can potentially lower 

acceleration by as much as 60% [8]. Another effective approach involves filling the tool body with a 

lattice structure, which attenuates vibrations by approximately 15 dB [9]. Alternatively, adaptive 

control of cutting parameters based on process dynamics prediction can reduce vibration amplitude 

by up to 70% [10]. In terms of chatter detection, the HHT-EA method enables the onset of vibrations 

to be identified several spindle revolutions in advance [11], and the application of acoustic signal 

analysis combined with K-means clustering improves detection sensitivity by 12% [12]. Modern tool 

condition monitoring (TCM) systems integrating acceleration data, FFT analysis, and machine 

learning achieve tool classification accuracy as high as 95% [13]. Literature reviews further indicate 

that combining passive damping with online chatter detection currently represents the most effective 

development direction [14]. Moreover, recent studies on EN AW-7075 T651 alloy show that precise 

adjustment of cutting speed and feed rate results in a significant reduction in cutting forces and 

surface roughness (Ra), highlighting the strong influence of cutting parameters on the machining 

process [15]. 

The influence of cutting-edge microgeometry, defined here as the cutting-edge radius (R), the 

width of the zero-clearance flank land (bf), and additional features such as chamfers or Wiper surfaces 

is increasingly being linked not only to cutting forces and surface roughness but also to the dynamic 

behavior of the machining process. A classical literature review conducted more than a decade ago 

demonstrated that micrometer-scale edge modifications can alter the contact stiffness between the 

tool and the workpiece, as well as the tool’s susceptibility to vibrations, by up to an order of 

magnitude[16]. More recent systematic studies confirm that an appropriately selected radius R not 

only reduces local stresses but also shifts the natural frequencies of the tool–chip–workpiece 

system[17,18]. Experimental research has shown that even a slight change in R, just a few 

micrometers, can significantly reduce vibration amplitude and cutting forces; this has been 

demonstrated in milling stainless steel [19], with similar trends reported for SUS-316L [20] and nickel-

based alloys [21]. Limits of process dynamics are also influenced by the proper form-factor of the 

edge rounding [22] and by controlled adjustment of the tool’s K-factor [23]. 

Applying a Wiper geometry or introducing a narrow zero-clearance flank land further enhances 

process dynamics and machining performance. It has been shown that a micro-chamfer with a width 

below 50 µm reduces the scatter of surface roughness Ra with only a slight increase in cutting forces 

[24], while subsequent optimization of this feature can shorten machining time by up to 18% without 

compromising the required surface quality [25]. The influence of flute shape and cutting-edge 

geometry has been described by numerous authors, demonstrating that a well-designed serration 

profile can increase the permissible feed rate by as much as 100% while maintaining chatter-free 

operation [26–28]. Promising results have also been obtained from finite element modeling (FEM) of 

cutter geometry, where simultaneous optimization of the cutting-edge radius R and the zero-

clearance flank land enabled a reduction in the threshold resonance energy[29]. 

Thin-wall pieces vibration during end milling can have two causes. The first is chatter, a self-

excited vibration due to previous passes; in thin walls both stiffness and modal mass change along 

milling, so stability conditions are all time varying, as defined in [30,31]. Other typical vibration is 

related to dynamic amplification due to cutting-edge continuous hits on piece’s surface. The tooth 

passing frequency can be close in value to thin-wall natural frequencies, so amplification could 

happen. The forced dynamic response can generate strong vibrations and marks on machined 
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surfaces. The work present deal with those cases where neither chatter nor strong vibration happens, 

but vibrational response is high due to the small wall thicknesses. 

The available literature still lacks studies investigating the combined influence of cutting-edge 

radius R and zero-clearance flank land width bf on the vibration spectrum during milling of thin-

walled components. The authors’ recent works have already demonstrated that the selection of an 

appropriate zero-clearance flank land width, together with a micro-scale cutting-edge radius, has a 

significant impact on cutting forces [32] and, to a considerable extent, on surface roughness [33]. Both 

studies revealed that there are specific ranges of zero-clearance flank land width and edge radius for 

which cutting force and surface roughness reach their minimum values simultaneously. However, 

the effect of this innovative cylindrical zero-clearance flank land in combination with cutting edge 

radius on the amplitude and character of vibrations has not yet been investigated. This identified 

research gap, the absence of holistic studies linking micro-edge geometrical parameters with 

comprehensive vibration diagnostics, provides strong motivation for the present research and 

represents a key contribution of the novel tool concept with a zero-clearance flank land to the 

development of stable milling strategies for thin-walled structures. 

In this study, a comprehensive experimental investigation was conducted to evaluate the 

influence of cutting-edge microgeometry, specifically the edge radius and the width of the zero-

clearance flank land, on the dynamic behavior of thin-walled milling. A dedicated set of 24 custom-

manufactured tools with distinct microgeometries was prepared and thoroughly characterized. 

Vibration signals were recorded during machining, and their energy- and statistics-based features 

were analyzed to assess process dynamics. The Vibration Severity Index (VSI) was introduced as a 

composite metric to compare tool performance, and the effect of cutting parameters such as feed per 

tooth and radial depth of cut was also examined. The obtained results provide new insights into the 

role of microgeometry in vibration suppression and contribute to the development of optimized tool 

designs for stable machining of thin-walled components. 

2. Materials and Methods 

For the purpose of this study, 27 end mills with specifically tailored geometries defined by 

variations in cutting-edge radius primary clearance angle and zero-clearance flank width were 

custom-manufactured. The microgeometry of the tools was produced using abrasive-jet machining, 

followed by the deposition of a 2 µm ZrN coating. However, the fabrication of such highly precise 

tools proved to be more challenging than initially anticipated, and the manufacturer was unable to 

deliver perfectly matched specimens for all the ordered configurations. Therefore, each tool 

underwent a detailed verification process prior to machining: its geometry was examined using an 

Alicona InfiniteFocus optical microscope. The results of this analysis revealed that not all tools met 

the desired geometric specifications. Consequently, repeated geometries were standardized, and the 

experimental campaign was carried out exclusively on 24 unique microgeometry configurations. 

Their dimensional parameters are summarized in Table 1 and illustrated in Figure 1. 

Table 1. Geometrical parameters of the tested end mills. 

End mill cutter  

number 

Edge radius 

R, μm 

Flank width 

bf, μm 

Clearance angle 

α, ° 

1 9.4 41 8 

2 9.7 30 10 

3 9.3 91 12 

4 9.0 56 8 

5 9.0 71 10 

6 9.2 131 12 

7 9.2 101 8 

8 9.8 100 10 

9 9.9 130 12 
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10 18.5 42 8 

11 17.7 0 10 

12 18.4 0 12 

13 18.2 42 8 

14 18.6 111 12 

15 18.0 97 8 

16 18.6 76 10 

17 25.0 0 8 

18 25.1 45 10 

19 25.1 15 12 

20 24.9 45 8 

21 24.2 95 10 

22 24.2 36 12 

23 25.4 125 8 

24 25.6 134 10 

For the vibration measurement experiments, an advanced data acquisition system was 

employed. The setup included a DMU 100 Monoblock CNC machining center, on which the test 

workpiece was mounted. A piezoelectric accelerometer (model M353B16, SN 144875) was attached 

directly to the workpiece. The sensor featured a sensitivity of 1000 mV/g, a measurement range from 

–5 g to 5 g, and a sampling frequency set to 25.6 kHz. The accelerometer was connected to a National 

Instruments (NI) 9234 data acquisition card, integrated with an NI USB-9162 interface, which enabled 

fast and reliable data transfer to a computer running Signal Express software. The acquired data were 

subsequently processed in the MATLAB environment (R2024a), which facilitated advanced signal 

analysis and processing for the identification and characterization of vibrations generated during the 

cutting process. A schematic representation of the experimental setup is shown in Figure 2. 

 

Figure 1. The View of the milling cutter with microgeometry designations: R – cutting edge radius; bf – zero-

clearance flank width; α – primary clearance angle. 
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Figure 2. Schematic of the measurement setup: 1 – Milling cutter; 2 – Thin-walled workpiece specimen; 3 – 

Machine vise; 4 – Plate bonded with cyanoacrylate adhesive; 5 – Vibration sensor; 6 –Data acquisition card; 7 – 

Computer with dedicated software. 

The experimental setup was configured as follows: the accelerometer sensor was mounted on a 

0.1 mm thick metal plate using a cyanoacrylate instant adhesive. This mounting method was 

necessary because the aluminum alloy used in the study is non-magnetic, while the sensor is designed 

for magnetic attachment. The chosen approach ensured a stable and durable connection between the 

sensor and the workpiece, while also allowing for quick repositioning of the sensor between 

successive tests. 

The experimental investigation of the influence of cutting-edge microgeometry on vibrations 

during down milling was carried out under constant cutting conditions (Figure 3): feed per tooth of 

0.06 mm/tooth, radial depth of cut of 0.4 mm, and axial depth of cut of 20 mm. Each test specimen 

consisted of a thin-walled structure with a wall thickness of 5 mm and a height of 20 mm, supported 

by a 24 mm wide clamping base at the bottom. The specimens were subjected to rough milling in 

their clamped state prior to the precision finishing operation, resulting in a final wall thickness of 2 

mm. The spindle speed was set to 7 000 rpm, corresponding to a cutting speed of 440 m/min, as 

recommended by the tool manufacturer. Furthermore, this spindle speed was confirmed through 

modal analysis as the rotational speed that ensures stable cutting conditions. 

The second part of the experimental study focused on investigating the influence of two key 

cutting parameters, feed per tooth and radial depth of cut on the characteristics of vibrations 

generated during machining. In addition, the spindle speed was increased to n = 12 000 rpm, 

corresponding to a cutting speed of 600 m/min, which is conditionally recommended by the tool 

manufacturer and also falls within the stable cutting regime identified for the process. The feed per 

tooth range was set between 0.06 and 0.10 mm/tooth, while the radial depth of cut varied from 0.4 to 

1.0 mm (Table 2). The accelerometer mounting method and all other geometrical parameters of the 

cutting tool remained unchanged compared with the previous setup, ensuring accurate comparison 

of the effects of varying cutting parameters on the vibration phenomena under investigation. 

Table 2. This is a table. Tables should be placed in the main text near to the first time they are cited. 

Test number 

Feed per tooth 

fz, mm/tooth 

Radial depth of cut 

ae, mm 

1 0.06 0.4 

2 0.06 0.7 

3 0.06 1 

4 0.08 0.4 

5 0.08 0.7 

6 0.08 1 

7 0.1 0.4 
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8 0.1 0.7 

9 0.1 1 

 

Figure 3. Technological and geometrical parameters adopted during the machining process: n – spindle speed 

(rpm); wₜ – wall thickness (mm); aₚ – axial depth of cut (mm), approximately equal to the wall height; aₑ – radial 

depth of cut (mm). 

3. Vibration Signal Analysis Method 

The recorded vibration signal, typically longer than the actual cutting time, was trimmed to 

isolate the segment corresponding to the tool’s contact with the workpiece, which is characterized by 

a distinct change in amplitude. To achieve this, the point-by-point difference of the signal was 

calculated, and the onset of cutting engagement was identified as the point where the absolute value 

of this difference exceeded a threshold of 0.1 g [34]. Additionally, a 0.5 s time margin was added 

before and after the identified cutting segment. This procedure eliminated variations caused by 

differences in total measurement duration and ensured temporal consistency in the onset of 

vibrations across all samples. 

After extracting the relevant portion of the signal, a band-pass filtering process was applied, 

following the methodology reported in previous studies [13] which were further validated by the 

authors through dedicated experiments. The frequency range was set between 200 Hz and 10 kHz. 

The lower cutoff frequency was chosen to eliminate low-frequency components (< 200 Hz) that could 

originate from machine table motion, structural vibrations of massive components, or tilting effects. 

The upper cutoff frequency removed very high-frequency components (> 10 kHz), which typically 

carry limited useful information in the context of milling process dynamics analysis. The filtering was 

implemented using a fourth-order Butterworth filter with zero-phase filtering to avoid introducing 

phase shifts into the signal [11,12]. Subsequently, both the raw and filtered signals were subjected to 

an in-depth analysis with respect to selected vibration parameters.  

Analyzing vibration indicators for both the raw (unfiltered) and filtered signals provides a more 

comprehensive understanding of the dynamic behavior of the milling process. The raw signal reflects 

the full vibration response of the system, including low-frequency structural components and 

transient effects, which are valuable for assessing the overall dynamic state of the machine–tool–

workpiece system. However, these low-frequency components can sometimes mask high-frequency 
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features directly related to cutting dynamics and tool–workpiece interactions. Filtering the signal 

isolates the frequency range most relevant to the cutting process, enhancing the sensitivity of selected 

indicators (such as RMS, kurtosis, or PSD) to tool geometry and process conditions. Evaluating both 

signals therefore allows for a more robust interpretation: the unfiltered data provide insight into 

global dynamic phenomena, while the filtered signal enables a focused analysis of vibration 

characteristics directly linked to process dynamics and tool performance. 

The main vibration parameters analyzed in this study were: 

RMS (Root Mean Square) is a statistical measure used to quantify the average energy of a signal. 

It is particularly useful in vibration analysis as it enables the assessment of the mean power of a 

vibration signal regardless of its temporal variability [35,36]: 

𝑅𝑀𝑆(𝑥) = √
1

𝑁
∑ (𝑥[𝑛])2𝑁

𝑛=1 , (1) 

where x[n] is discrete signal sample at point n, N – total number of samples. 

Band energy is a measure of the amount of signal energy contained within a specific frequency 

range (band). In the context of vibration analysis, band energy enables the identification and 

quantification of vibration energy distributed across different frequency bands [35,37]: 

𝐸𝑏𝑎𝑛𝑑 = ∑ |𝑋[𝑘]|2𝑘2
𝑘=𝑘1

, (2) 

where Eband is band energy within the selected frequency range, k1 is lower bound of the frequency 

band, k2 is upper bound of the frequency band and X[k] is FFT (Fourier Transform) coefficient of the 

signal within the frequency range. 

Peak-to-peak amplitude is the difference between the maximum and minimum values of the 

signal [38]. This parameter is sensitive to short-term impulses and provides an indication of the 

largest vibration excursions. 

𝐴𝑝𝑝 = max 𝑥[𝑛] − min 𝑥[𝑛] . (3) 

Kurtosis – a statistical parameter used to detect narrow, high-amplitude peaks within a signal. 

Kurtosis values significantly greater than 3 typically indicate the presence of more impulsive 

events compared with a normal distribution [39]. It can be calculated as follows: 

𝐾𝑢𝑟𝑡(𝑥) =
𝐸[(𝑥[𝑛]−𝜇)4]

𝜎4 − 3, (4) 

where 𝜇 is the mean value of the signal and 𝜎 is the standard deviation of the signal. 

PSD – Power Spectral Density – the power spectral density was calculated using Welch’s 

method, which involves averaging periodograms obtained from overlapping segments of the 

signal [40]. This approach reduces the variance of the spectral estimate at the expense of 

frequency resolution. Additionally, the sum of PSD values was used as a simplified indicator of 

the signal power in the frequency domain. 

For each sample, four plots were generated (Figure 4): 

1. The original (unfiltered) vibration signal as a function of time, 

2. The filtered vibration signal, 

3. The power spectral density (PSD), 

4. The dominant frequencies identified based on the peaks in the PSD using the findpeaks function. 
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Figure 4. Example of plots generated for each specimen: (a) time-domain waveform of the unfiltered signal; (b) 

time-domain waveform of the filtered signal; (c) power spectral density (PSD) illustrating the frequency content 

of the signal; (d) extracted dominant frequencies with corresponding power values. 

To identify which combinations of cutting tool geometrical parameters provide the most 

favorable dynamic performance of the milling process, a multi-criteria evaluation approach based on 

the Vibration Severity Index (VSI) was applied. This index was defined as the composite desirability 

(geometric mean) of two responses describing essential characteristics of the vibration signal: 

RMSFiltered – the root mean square of the filtered vibration amplitude, where lower values are 

considered beneficial and KURFiltered – the kurtosis of the filtered signal, representing its impulsiveness, 

for which lower values are also preferable. 

The method is based on the widely used Derringer–Suich desirability function for multi-

response optimization, which enables the transformation of individual response variables into a 

unified, dimensionless scale ranging from 0 to 1, followed by their aggregation as a geometric mean 

[41,42]. For smaller-the-better type responses (in this case: RMSFiltered and KURFiltered), the individual 

desirability function d(y) is defined as: 

𝑑(𝑦) = {

       1,                  𝑓𝑜𝑟 𝑦 ≤ 𝑇,                   

(
𝑈−𝑦

𝑈−𝑇
)

𝑠

, 𝑓𝑜𝑟 𝑇 < 𝑦 < 𝑈, 𝑠 > 0

     0,                 𝑓𝑜𝑟 𝑦 ≥ 𝑈                  

, (5) 

where: T – target (desired) value, U – upper unacceptable limit and s – shape parameter (set to s=1) 

In this study, the values of T and U were defined as the minimum and maximum values 

observed within the dataset, respectively. Sensitivity analysis confirmed the dynamics of the ranking 

even when the thresholds were determined by the 10th and 90th percentiles. The composite 

desirability index (VSI) for the two responses, with weights w1 (RMS) and w2 (Kurtosis), was defined 

as the geometric mean: 

𝑉𝑆𝐼 = (𝑑𝑅𝑀𝑆
𝑤1 ∙ 𝑑𝐾𝑢𝑟𝑡

𝑤2 )
1

𝑤1+𝑤2. (6) 

In this study, equal weights were applied (w1=w2=1). The property of “limited compensation” 

ensures that an extremely unfavorable result in one criterion (e.g., excessively high kurtosis) 

significantly reduces the overall index value, which is a desirable feature when evaluating vibration 

severity. 
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4. Analysis of the Influence of Cutting-Edge Microgeometry 

To characterize the dynamic behavior of the milling process, a detailed analysis of five 

fundamental vibration indicators was conducted: root mean square (RMS), band energy (BE), peak-

to-peak amplitude (PTP), kurtosis (KUR), and total power spectral density (PSD) (Figure 5). Each 

parameter was calculated for both the raw signal and the band-pass filtered signal (200 - 10 000 Hz), 

which allowed the extraction of components most relevant to process dynamics. 

For the RMS parameter, which represents the average vibration energy over time, a pronounced 

variation among the individual tools was observed (Figure 5a). The filtered RMS values ranged from 

0.040 g to 0.159 g, corresponding to more than a threefold difference between the extreme cases. This 

indicates that the cutting tools exhibited significant differences in their ability to generate and 

attenuate vibrations within the analyzed frequency range. These results clearly show that certain tool 

geometries provide substantially lower levels of dynamic energy during the cutting process. In 

particular, tools no. 1, 4, 10, 11, 12, and 20 exhibited the lowest RMS values for both raw and filtered 

signals, indicating superior vibration suppression capability. 

A similar trend was observed for the band energy parameter BE, which reflects the total 

vibration energy contained within the analyzed frequency band (Figure 5b). The filtered values 

varied widely, from approximately 240 J to nearly 4000 J. This extensive range exceeding 1500% 

clearly demonstrates the strong dependence of the mechanical efficiency of the cutting system on the 

specific geometrical features of the tool. However, when considering the band energy for both the 

raw and filtered signals, it is evident that tools no. 1, 4, and 20 consistently exhibited the lowest values, 

further confirming their advantageous dynamic performance. 

The peak-to-peak (PTP) amplitude, which characterizes the maximum dynamic displacements, 

also exhibited considerable variation ranging from 0.924 g to over 3.0 g, as shown in Figure 5c. High 

values of this parameter may indicate an increased risk of chatter occurrence and impulsive chip–

tool interactions, whereas lower values suggest more uniform cutting forces and reduced impact 

loading. It can be observed that tools no. 1, 2, 4, and 20 exhibited the lowest PTP values, but only for 

the filtered signal. In contrast, the peak-to-peak values for the raw (unfiltered) signal for these tools 

remained relatively high. Notably, only tool no. 11 demonstrated consistently low and similar PTP 

values for both the raw and filtered signals, indicating more stable dynamic behavior across the full 

frequency range. 

Another parameter analyzed was kurtosis, which serves as a measure of the impulsiveness of 

the vibration signal. The range of observed values after filtering varied from 4.4 to 24.7 (Figure 5d), 

indicating that some tools generated quasi-stationary signal patterns, while others exhibited distinct 

energy spikes typical of unstable cutting conditions. Particularly high kurtosis values are associated 

with localized high-energy events, the presence of which may promote micro-damage to the cutting 

edge and deteriorate surface quality. It was observed that tools no. 2, 11, 13, 15, and 17 exhibited the 

lowest KUR values for both the raw and filtered signals. This indicates that machining with these 

tools results in the most stationary cutting process. An important observation for these tools is the 

very similar kurtosis values obtained for both the filtered and raw signals, which further confirms 

which confirms a stable and consistent dynamic behavior. 

The total power spectral density (PSD) enabled the assessment of the energy distribution in the 

frequency domain (Figure 5e). The range of filtered PSD values varied from 0.0071 to 0.0728, with 

variations between tools exceeding 1000%. This parameter is particularly effective in illustrating the 

presence or absence of dominant resonances within the dynamic structure of the system and can 

serve as an indicator of its susceptibility to excitation of the natural frequencies of the machine tool 

or cutting tool. The most favorable and the lowest PSD values were recorded for tools no. 1, 4, 10, 11, 

12, and 20. This applies to both the raw and filtered signals, indicating that these tools exhibit the 

lowest susceptibility to resonance excitation across the entire analyzed frequency range. 

All plots present the results obtained before and after band-pass filtering, allowing for a direct 

comparison of the effects of isolating the signal components most representative of the cutting 

process. In most cases, the parameter values decreased after filtering, indicating the presence of low-
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frequency disturbances or components irrelevant from the perspective of cutting mechanics. In some 

cases, the parameter values after filtering were similar to those of the raw signal, which typically 

indicates the absence of disturbances and deviations from normal behavior. 

 

Figure 5. Vibration signal parameter values for individual tools: a) RMS; b) BE; c) PTP; d) KUR; e) PSD. 

The observed differences between tools were distinct and systematic across all analyzed 

parameters, demonstrating the high sensitivity of the machine–tool–workpiece system to changes in 

tool microgeometry. Consequently, an attempt was made to establish correlations between specific 

vibration signal parameters and selected microgeometrical features of the end mills, such as cutting-

edge radius, zero-clearance flank land, and clearance angle. The objective of this analysis was to 

identify the tool microgeometry characteristics most conducive to minimizing vibrations and 

improve the dynamic of the milling process of EN AW-7075 aluminum alloy. 

4.1. The Role of Cutting Edge Radius 

Subsequently, an analysis of the variation of vibration signal parameters as a function of the 

cutting-edge radius R was conducted. This analysis was performed for tools with a constant clearance 

angle of α=10°. Figure 6 presents the vibration signal parameters for both raw and filtered signals. 

For most of the parameters, non-monotonic trends with a minimum occurring near intermediate edge 

radius values in the range of 18–19 µm were observed. 
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For small R values, corresponding to a sharp cutting edge, elevated RMS and band energy (BE) 

values were recorded, which is consistent with a higher susceptibility of the system to regenerative 

vibrations (Figure 6a,b). As the edge radius increases, both indicators decrease slightly and reach a 

minimum at intermediate R values, indicating a favorable compromise between increased local 

contact stiffness and additional process damping effects at the tool–workpiece system. However, 

further increases in radius lead to a renewed rise in RMS and BE, which can be attributed to 

intensified ploughing and friction effects. 

A similar, though more irregular, trend is observed for the peak-to-peak (PTP) parameter 

(Figure 6c). The filtered PTP value reaches its minimum within the same radius range where RMS 

and BE are lowest, confirming a reduction in extreme vibration excursions at intermediate R values. 

For the raw signal, PTP values remain relatively high within certain radius ranges due to the presence 

of low-frequency components not directly related to cutting mechanics, further emphasizing the 

relevance of band-limited analysis. 

The evolution of kurtosis (KUR) further supports these observations (Figure 6d). Near the 

optimal R value, kurtosis reaches a distinct minimum for both raw and filtered signals, indicating a 

more stationary process with fewer impulsive events (e.g., transient chip load variations). At very 

small or very large radii, kurtosis increases, indicating the appearance of energy spikes associated 

with chatter (sharp edge) or with friction and plastic deformation induced effects (excessive edge 

radius). A similar behavior is observed for the total power spectral density (PSD), which corroborates 

the previous findings (Figure 6e). The convergence of all parameters (RMS, BE, PTP, KUR, PSD) 

clearly indicates the existence of an “optimal radius range” that promotes more consistent milling 

dynamics. 

This behavior can be explained from a physical standpoint. A too-small cutting-edge radius 

results in significant stress concentration in the chip formation zone, leading to rapid changes in force 

direction and potentially initiating micro-vibrations. Conversely, an excessively large radius 

increases the contact area, which can cause deterioration of dynamic behaviordue to local loss of 

stiffness in the tool–workpiece system. In both cases, the dynamic components of the process are 

amplified. An intermediate radius value appears to balance these phenomena, ensuring an optimal 

stress distribution and a smoother tool– workpiece interaction without abrupt force fluctuations. 
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Figure 6. Vibration signal parameter values in the radius R domain: a) RMS; b) BE; c) PTP; d) KUR; e) PSD. 

4.2. The Influence of Zero-Clearance Flank Width on Process Dynamics 

The analysis of the influence of the zero-clearance flank land width (bf) on vibration signal 

parameters reveals a clear increasing trend for most dynamic indicators as bf increases (Figure 7). 

Both the RMS values (Figure 7a), band energy BE (Figure 7b), and peak-to-peak amplitude PTP 

(Figure 7c) exhibit a systematic rise across the entire investigated range of flank land widths, 

indicating that increasing bf leads to a deterioration of the dynamic conditions of the cutting process. 

Higher RMS and BE values reflect a greater amount of vibration energy generated within the cutting 

system, while the increasing PTP amplitude suggests enhanced process dynamic, larger dynamic 

displacements, which may promote the occurrence of chatter. 

Similar behavior is observed for kurtosis KUR (Figure 7d), whose values increase with increasing 

bf, indicating a higher impulsiveness of the vibration signal and the occurrence of localized high-

energy events characteristic of unstable cutting conditions. The total power spectral density PSD 

(Figure 7e) also shows a distinct upward trend, reflecting an increased susceptibility of the system to 

resonance excitation and the stimulation of natural frequencies of the machine–tool–workpiece 

system. 

 

Figure 7. Vibration signal parameter values in the function of zero-clearance flank width: a) RMS; b) BE; c) PTP; 

d) KUR; e) PSD. 

It is worth noting that the lowest values of most vibration parameters, particularly for the filtered 

signal, are observed at a flank land width bf of approximately 40 µm. In this range, minimum values 
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of RMS (Figure 7a), BE (Figure 7b), and PTP (Figure 7c) are observed, indicating a more consistent 

process and improved dynamic behavior. Beyond this threshold, the dynamic parameters increase 

significantly, reflecting a deterioration in cutting conditions. 

These results demonstrate that increasing the flank land width bf beyond approximately 40 µm 

does not improve the dynamic of the milling process; on the contrary, it leads to higher vibration 

energy, increased signal impulsiveness, and greater susceptibility of the cutting system to excitation. 

This can be explained by the fact that a larger flank land substantially increases the contact area 

between the cutting tool and the workpiece, promoting friction, ploughing, and localized stiffness 

reduction. As a result, the dynamic components of the process intensify, and the cutting conditions 

deteriorate. The findings clearly confirm that a smaller or moderate flank land width (approximately 

40 µm) promotes more stable cutting behavior. 

4.3. The Role of Clearance Angle 

The analysis of the influence of the primary clearance angle (α) on the dynamics of the milling 

process indicates that, within the investigated range, its effect on vibration-related indicators is 

marginal at best (Figure 8a–e).  

 

Figure 7. Vibration signal parameter values for the different clearance angle values: a) RMS; b) BE; c) PTP; d) 

KUR; e) PSD. 

The trend lines for RMS (Figure 8a), band energy BE (Figure 8b), peak-to-peak amplitude PTP 

(Figure 8c), kurtosis KUR (Figure 8d), and total power spectral density PSD (Figure 8e) are weakly 
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sloped, often non-monotonic, and lack distinct minima or maxima, while the values of both raw and 

filtered signals remain relatively constant across the entire range of α. The absence of systematic 

changes and the overlap of measured data points suggest a low sensitivity of the dynamic response 

to variations in α, especially when compared to the pronounced effects observed for cutting edge 

radius R and zero-clearance flank land width bf. 

From a physical perspective, as long as a positive and moderate clearance angle is maintained, 

the dominant mechanisms responsible for vibration generation in thin-walled structures, such as 

regenerative effects, modal coupling, and tooth-passing excitation are primarily governed by contact 

stiffness and local edge geometry (R and bf). Variations in α within the studied range do not 

significantly alter the contact area or the effective damping behavior of the process. Consequently, 

under the tested microgeometry conditions, the primary clearance angle plays a secondary role in the 

process dynamics compared with cutting edge radius R and flank land width bf. Its main function is 

limited to ensuring proper clearance and preventing rubbing at the flank surface, rather than directly 

influencing the vibration characteristics of the milling process. 

4.4. Analysis of Tool Ranking in Terms of Process Dynamics 

The ranking analysis of the tested tools in terms of their dynamic allowed for a comprehensive 

evaluation of their performance under milling conditions. In order to assess the suitability of 

individual tool geometries for further investigation, the Vibration Severity Index (VSI) was calculated 

for all samples. This index was derived from the filtered root mean square value of vibration 

(RMSFiltered) and the kurtosis of the filtered signal (KURFiltered). For each sample, individual partial 

desirability functions (dRMS and dKUR) were determined and subsequently aggregated into a composite 

desirability index (VSI) according to the methodology described in the previous subsection. 

The results of this analysis are presented in two complementary plots. The first one (Figure 8a) 

shows the distribution of all samples in the R–bf space, where the color of each point corresponds to 

the VSI value. Lighter shades indicating higher “dynamic quality” of the tool and the labels denote 

the tool numbers. This representation enabled a direct correlation between the multi-criteria 

evaluation results and the geometric parameters of the cutting edge. The second plot (Figure 8b) 

presents the ranking of all tools sorted in descending order of VSI, which allowed for straightforward 

identification of both the most and the least favorable tool configurations. 

 

Figure 8. VSI analysis of end mills with different geometry: a) VSI map in the R-bf domain; b) tool ranking. 

By incorporating the VSI as a comparative criterion, it was possible to simultaneously assess 

both the vibration intensity and the qualitative nature of the tool’s dynamic response. This dual-

parameter approach provided deeper insight into the interaction between tool geometry and process 

dynamics than a simple amplitude-based evaluation. 
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The results clearly demonstrated that individual tool geometries exhibited distinct dynamic 

behaviors. Tools characterized by low vibration amplitudes but high impulsiveness showed 

indications of irregular process dynamics, despite relatively small overall vibration levels. 

Conversely, tools with smoother signal characteristics but higher amplitudes indicated more stable 

yet energetically intense cutting conditions.  

A detailed analysis of the VSI map further revealed a clear relationship between tool geometry 

and the process dynamics. Cutters with small or moderate cutting edge radius R, combined with a 

low or medium width of the zero-clearance flank land bf, achieved the highest VSI values, indicating 

superior dynamic behavior. In contrast, large bf values were generally associated with reduced VSI 

scores, highlighting a deterioration in dynamic performance. An illustrative example is tool no. 7, for 

which an extremely high kurtosis (24.72) caused the partial desirability component dKUR to drop to 

zero, resulting in a total VSI of 0 despite otherwise favorable parameters. Similarly, tool no. 21 

exhibited the highest RMS value (0.1589 g), which led to dRMS = 0 and consequently a VSI of 0. 

An increase in the cutting edge radius and the width of the zero-clearance flank land has a 

significant influence on the dynamic of the milling process. A larger edge radius causes the tool to 

penetrate the workpiece material in a less aggressive manner, with the material removal process 

involving a greater degree of plastic deformation rather than pure shearing. As a result, the nature of 

the tool-workpiece interaction changes: the contact becomes more continuous and distributed rather 

than localized. This alteration increases the susceptibility of the system to the excitation of natural 

vibrations, since the cutting edge ceases to act as a sharply defined initiator of material removal and 

instead engages in a broader interaction with the surface, which promotes self-excited phenomena. 

The presence of a wider zero-clearance flank land further increases the area of contact between 

the tool and the workpiece. The primary flank face no longer serves merely as a clearance surface but 

becomes an active element of the interaction. This leads to more intense mechanical coupling at the 

tool-workpiece interface, making the system more sensitive to microscopic vibrations and 

disturbances. Even minor geometrical deviations or material inhomogeneities can then generate 

oscillations that grow due to regenerative feedback mechanisms. 

Moreover, both a larger cutting edge radius and a wider zero-clearance flank land affect the 

phase relationship between the tool motion and the system’s dynamic response. The tool tends to 

respond with a certain delay to variations in cutting conditions, which promotes the onset of 

regenerative chatter. As the cutting edge becomes less sharp, there is also an increased tendency for 

it to slide over the machined surface before chip formation occurs. Consequently, each subsequent 

pass of the cutting edge is influenced by the surface waviness left by previous tool engagements, 

amplifying the regenerative effect. 

In consequence, the combined effect of an increased cutting edge radius and a wide zero-

clearance flank land is a transformation of the tool–workpiece contact from a localized and impulsive 

interaction into a more continuous and distributed one. Such a modification of tool geometry 

facilitates the development of self-excited vibrations, reduces the system’s resistance to disturbances, 

and ultimately leads to a higher susceptibility of the milling process to chatter and deterioration of 

dynamic behavior. 

Based on the overall ranking (Figure 8b), tool no. 4 was selected for further investigation. This 

tool was distinguished by a favorable balance between low vibration amplitude and limited signal 

impulsiveness, which in practice indicates stable and predictable behavior under machining 

conditions. The obtained result suggests that the geometry of tool no. 4 provides an optimal 

compromise between efficient cutting performance and the suppression of phenomena that could 

lead to an increase in the dynamics of the process, making it the most promising candidate for the 

next stage of the study. 

4.5. The Influence of Cutting Parameters 

The next stage of the study focused on determining the influence of technological parameters on 

the dynamics of the milling process. For this purpose, experiments were conducted using tool no. 4, 
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which exhibited the lowest dynamics in previous tests. The experiments were carried out according 

to a full factorial 3 x 3 two-factor design. The variable parameters were feed per tooth, which was set 

to three levels (0.06 mm, 0.08 mm, and 0.10 mm), and radial depth of cut (0.4, 0.7, and 1.0 mm). 

For the smallest radial depth of cut (ae = 0.4 mm), increasing the feed from 0.06 mm to 0.08 mm 

resulted in a slight reduction of RMS by approximately 6%, indicating a smoother vibration pattern 

associated with the transition from intermittent rubbing to more continuous cutting (Figure 9a). A 

further increase in feed to 0.10 mm, however, led to a significant reduction in RMS by more than 50% 

compared with the value at fz = 0.08 mm. Under intermediate cutting conditions (ae = 0.7 mm), 

increasing the feed from 0.06 mm to 0.08 mm caused a pronounced decrease in RMS of about 32%, 

after which the values remained nearly constant with further feed increase to 0.10 mm. This suggests 

that in this chip thickness range, an optimal balance is achieved at a medium feed, and additional 

increases in fz have little influence on vibration energy. At the highest radial depth of cut (ae = 1.0 mm), 

the initial feed increase lowered RMS by approximately 35%, but exceeding f = 0.08 mm/tooth 

resulted in a sudden, more than twofold increase in RMS, indicating that the process dynamics 

threshold had been surpassed (Figure 9a). 

The behavior of band energy BE closely followed that of RMS (Figure 9b). For the smallest radial 

depth (ae = 0.4 mm), increasing the feed from 0.06 to 0.10 mm/tooth reduced BE by more than 50%, 

reflecting a transition from highly intermittent cutting to a more continuous process. At ae = 0.7 mm, 

changing the feed from 0.06 to 0.08 mm reduced BE by about 30%, and further feed increases did not 

significantly affect the vibration level. However, at ae = 1.0 mm, a feed of 0.08 mm/tooth reduced BE 

by about 35%, whereas at fz = 0.10 mm/tooth, a sudden more than twofold increase in BE was 

observed, again indicating that the dynamics limit of the process was exceeded. 

The peak-to-peak vibration amplitude responded to changes in feed in a less predictable manner 

(Figure 9c). Under the lowest engagement conditions (ae = 0.4 mm), increasing the feed from 0.06 to 

0.08 mm/tooth reduced the PTP by only about 2%, while a further increase to 0.10 mm/tooth resulted 

in a significant 63% reduction. Under intermediate engagement (ae = 0.7 mm), increasing the feed 

from 0.06 to 0.08 mm caused only a minimal decrease (~0.5%), while a higher feed of 0.10 mm 

increased the amplitude by about 13%, indicating localized overloading. In full-immersion conditions 

(ae = 1.0 mm), a moderate feed of 0.08 mm suppressed impulsive vibration spikes by more than 65%, 

but a further increase to 0.10 mm caused the amplitude to rise more than threefold, signaling that the 

process dynamics threshold had been exceeded. 

For ae = 0.4 mm, kurtosis decreases by nearly 43% when the feed is increased from 0.08 to 0.10 

mm/tooth, reaching its minimum level, while the previous change of fz from 0.06 to 0.08 mm has 

virtually no effect on the impulsiveness of the signal (Figure 9d). Under intermediate cutting 

conditions (ae = 0.7 mm), the lowest kurtosis occurs already at the smallest feed, and a further 33% 

increase in f almost triples the value of this parameter, after which it remains at a similar level. In 

contrast, at ae = 1.0 mm, increasing the feed from 0.06 to 0.08 mm/tooth reduces kurtosis by 

approximately 44%, while a further increase to 0.10 mm leads to a renewed rise of nearly 50%. 

The analysis of the power spectral density (PSD) confirms that a feed of fz = 0.08 mm/tooth 

typically minimizes the resonance components of vibrations (Figure 9e). For ae = 0.4 mm, increasing 

the feed from 0.06 to 0.08 mm reduces PSD by almost 50%, and a further increase to 0.10 mm provides 

an additional ~35% attenuation. Similarly, for ae = 0.7 mm, a reduction of approximately 47% is 

observed initially, followed by an additional 13%. The behavior of the system is markedly different 

at ae = 1.0 mm: a moderate feed reduces PSD by more than 60%, but increasing it to 0.10 mm results 

in a sudden, more than fourfold increase in spectral power, indicating the excitation of resonances 

and the crossing of the process critical dynamics threshold. These results demonstrate that while a 

medium feed effectively suppresses vibration energy, excessive feed may lead to strong dynamic 

excitations. 
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Figure 9. Vibration signal parameter values in the function of feed per tooth: a) RMS; b) BE; c) PTP; d) KUR; e) 

PSD and radial depth of cut: f) RMS; g) BE; h) PTP; i) KUR; j) PSD. 

The analysis of the influence of radial depth of cut (ae) on all five vibration signal parameters 

reveals consistent yet distinct trends (Figure 9). RMS almost always exhibits non-monotonic 

behavior: at the lowest feed rate, RMS initially increases by approximately 45% as ae increases from 
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0.4 to 0.7 mm, and then drops by more than 50% at ae = 1.0 mm. For fz = 0.08 mm/tooth, RMS remains 

stable at around 0.28 g up to ae = 0.7 mm, with full tool immersion reducing it by about 60% (Figure 

9e). Finally, at fz = 0.10 mm/tooth, RMS gradually increases by nearly 200% across the entire ae range, 

indicating that the process dynamics is elevated. 

The band energy BE exhibits a similar, though more pronounced, trend (Figure 9f). For fz = 0.06 

mm, the energy rises by nearly 20% up to ae = 0.7 mm, followed by a dramatic drop of about 80% at 

ae = 1.0 mm. In the case of f = 0.08 mm, the optimal reduction exceeds 90% as ae increases to 1.0 mm, 

whereas at f = 0.10 mm, the energy doubles with increasing ae, indicating a buildup of dynamic loads. 

The peak-to-peak amplitude behaves somewhat differently: regardless of feed rate, its minimum 

values consistently occur at ae = 1.0 mm, with reductions of up to 65% compared to ae = 0.4 mm (Figure 

9g). However, at fz = 0.10 mm/tooth, the average impulse amplitude may increase again by about 15% 

between ae = 0.7 and 1.0 mm, demonstrating that while vibration impulsiveness is most effectively 

damped at optimal tool engagement, it remains susceptible to overload effects. 

Kurtosis decreases dramatically with increasing ae up to 1.0 mm, particularly at a feed fz of 0.08 

mm/tooth, where the reduction reaches 60%, and even at fz = 0.06 mm, the decrease exceeds 50% 

(Figure 9h). At fz = 0.10 mm/tooth, kurtosis increases by approximately 70% up to ae = 0.7 mm and 

then decreases, indicating that signal smoothing occurs only at full tool immersion. 

The PSD also exhibits a clear minimum at ae = 1.0 mm for all feed rates: the reduction ranges 

from 50% (fz = 0.06 mm) to 65% (f = 0.08 mm), with a dramatic more than fourfold change observed 

at fz = 0.10 mm (Figure 9i). This indicates that increasing the radial depth of cut effectively suppresses 

resonance components, unless the feed is too high in which case the effect reverses abruptly. 

In summary, although radial depth of cut affects each parameter in a nonlinear manner and is 

strongly dependent on feed rate, ae = 1.0 mm combined with a medium feed (0.08 mm/tooth) provides 

the most favorable combination in practice: the lowest RMS, minimal band energy, the greatest 

impulse suppression, the lowest impulsiveness, and minimal resonance components. 

5. Conclusions 

The conducted research has demonstrated that the cutting-edge microgeometry of the end mill 

has a crucial influence on the dynamics of the milling process of thin-walled EN AW-7075 aluminum 

components. Both the cutting edge radius and the width of the zero-clearance flank land significantly 

determine the level of vibration generated and the dynamics of the machine–tool–workpiece system. 

The key findings of this study can be summarized as follows: 

1. The relationship between vibration parameters and the cutting edge radius R is non-monotonic. 

The lowest values of RMS, band energy, kurtosis, and PSD were obtained for a radius of 

approximately 18–19 µm. An excessively small radius leads to stress concentration and the 

initiation of microvibrations, while an excessively large radius increases the contact area and 

intensifies friction and material ploughing effects. 

2. The width of the zero-clearance flank land bf significantly affects process dynamics — with its 

increase, a distinct rise in vibration energy and signal impulsiveness is observed. The most 

favorable conditions were obtained at a width of approximately 40 µm, beyond which the 

dynamic characteristics of the process deteriorate. 

3. The primary clearance angle within the investigated range does not exert a significant influence 

on vibration levels or process dynamics. Its role is limited to ensuring proper contact between 

the tool and the workpiece and preventing rubbing on the flank surface. 

4. Technological parameters shape the dynamics of the process in a nonlinear manner. A moderate 

feed rate (fz = 0.08 mm/tooth) most often leads to reduced vibration amplitude and effective 

suppression of resonance components. However, excessively high feed rates result in a rapid 

increase in vibration energy and exceedance of the process dynamics. 

5. The radial depth of cut (ae) affects all analyzed indicators in a strongly feed-dependent manner. 

The most stable cutting conditions were achieved for ae = 1.0 mm combined with a moderate feed, 

resulting in minimal RMS, BE, PTP, kurtosis, and PSD values. 
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The results clearly indicate that deliberate shaping of cutting-edge microgeometry — 

particularly the cutting edge radius and zero-clearance flank land width — combined with the 

optimal selection of technological parameters represents an effective strategy for improving process 

dynamics and machining quality of thin-walled components. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

RMS Root Mean Square 

BE Band Energy 

PTP Peak-to-Peak (Amplitude) 

KUR Kurtosis 

PSD Power Spectral Density 

VSI Vibration Severity Index 

FFT Fast Fourier Transform 

FEM Finite Element Method 

TCM Tool Condition Monitoring 

HHT-EA Hilbert–Huang Transform with Empirical Approach 

TMD Tuned Mass Damper 

LTMDI Lathe/Toolholder Tuned Mass Damper Insert 

R Cutting-Edge Radius 

bf Zero-Clearance Flank Land Width 

α Primary Clearance Angle 

fz Feed per Tooth 

ae Radial Depth of Cut 

ap Axial Depth of Cut 

wt Wall Thickness 

n Spindle Speed 
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