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Abstract. In the article, experimental studies were carried 
out with the aim of determining the influence of different 
modes of vibro-impact cutting modes of optical slugs on the 
roughness of obtained surfaces. From the results obtained 
during the measurements and their mathematical 
processing are evaluated the average sizes and  intervals 
and the parameters of the roughness of treated surfaces. 
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I. INTRODUCTION 
One of the conditions for reducing the basic losses 

and increasing the value of the finished product is 
ensuring high surface quality of the optical materials, 
processed by cutting [1,3,10,14]. The primary task of this 
paper is the comparative assessment of the surface 
roughness, obtained both during traditional cutting and in 
vibro-impact cutting of optical slugs. 

II. EXPERIMENTAL DETERMINATION OF SURFACE 
ROUGHNESS 

To determine the degree of influence of the forced 
vibrational oscillations on the roughness of the cut 
workpiece, it is necessary to study the mechanism of 
forming the microgeometry of the processed surfaces 
[2,4,5,6,7,8,9,11,12,13]. Due to the mechanical 
interaction of the peripheral (cutting) surface of the 
cutting diamond disc and the workpiece, separation of 
particles from the processed material begins. In result, at 
the starting moment, micro-irregularities appear and 
initial roughness of the surfaces is formed. 

When the disc goes into the processed workpiece, as a 
result of the arising friction of the surfaces, contacting the 

cutting disc, improvement in roughness is observed in the 
cut parts. The nature of the roughness change depends 
on: - the dominant type of wear in the frictional surface; - 
the conditions of friction and the duration of interaction 
of the side surfaces of the cutting disc and the machined 
workpiece.  

The section of the cut surface of the workpiece, 
located at the beginning of the cutting disc, is subject to 
maximum wear over the duration of the friction, and the 
section at the exit of the cutting disc – to minimum wear. 

The effect of the interaction between the cutting disc 
and the workpiece under the different vibro-impact 
modes affects the way, in which the cutting process 
proceeds, which influences on the conditions of forming 
the microrelief of the processed surfaces. The quality of 
the surfaces of the workpieces, subjected to vibrational 
cutting, is determined by the degree of influence of the 
amplitude-and-frequency oscillations, transmitted to the 
workpiece, and by the degree of manifestation of the 
polishing effect. 

A number of experimental studies have been carried 
out in order to evaluate the roughness parameters (Ra and 
Rz) of surfaces of optical slugs, cut by vibration. The 
experimental studies were carried out in three vibro-
impact modes of processing (whose technological 
parameters are shown in Table 1), and the roughness 
parameters of the treated surfaces were measured.  

 

 

 

 

 

https://doi.org/10.17770/etr2023vol3.7241
https://creativecommons.org/licenses/by/4.0/
mailto:anlen@tu-plovdiv.bg
mailto:s-tu@abv.bg
mailto:st.paliyski@abv.bg


Angel Lengerov, et al. Experimental Study of Surface Roughness in Vibro-impact Cutting of Optical Slugs 

146 

TABLE 1 BASIC PARAMETERS OF A CENTRIFUGAL VIBRATOR FOR THREE 
MODES OF CUTTING 
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1 2480 41,3 87,4 1,36 5,88 

2 5110 85,2 32,4 1,04 9,28 

3 6000 100 25,3 0,95 9,98 

 

The measurements were made in a direction, 
perpendicular to the traces from the processing for all 
lengths from the diagonals of the sample. For all studied 
modes of optical slugs processing by cutting, 
profilograms of the sample surfaces were made, as shown 
in Fig. 1. 

From the profilograms, taking into account the nature 
of the roughness height along the cut surfaces, the most 
expedient and optimal processing mode can be 
determined. Such modes (Fig. 1 c, d) prove to be the 
vibro-impact cutting modes 2 and 3. This is explained by 
the optimal combination of parameters, such as amplitude 
of vibrational velocity and amplitude of vibrational 
acceleration, primarily at a certain frequency of the 
forced oscillations. 

 

 
а) 

 
b) 

 
c) 

d) 
Fig. 1. Profilograms of the surfaces of the cut samples under different 
processing modes: a) traditional cutting; b) vibro-impact mode 1; 
c) vibro-impact mode 2; d) vibro-impact mode 3. 

In order to clarify the degree of influence of the 
vibro-impact forced oscillations, implemented in the 
process of cutting optical slugs, the roughness parameters 
Ra and Rz of the machined parts of the optical samples 
were measured using a profilograph-profilometer. The 
obtained values of the Rz parameter are shown in Fig. 2. 

The results of the measurements show that during 
vibro-impact cutting the quality parameters of the 
processed surfaces improve, compared to traditional 
cutting. The best quality was recorded for vibro-impact 
processing mode 2, worse for mode 3 and worst for mode 
1. This is explained by the increased frequency of 
oscillations of the processed workpiece, which leads to a 
decrease in the time of dynamic impact of the single 
abrasive grains and the processed material of the 
workpiece. 

 

 
Fig. 2. Dependence of the parameter Rz  of the cut surface of a brand 
BK7 optical workpiece on the processing mode under different static 
loads. 

As the static load increases, the value of the Rz parameter 
goes up, both under normal conditions and under the 
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influence of forced oscillations. This is due to an increase 
in the pressure in the contact zone between the cutting 
surface of the disc and the workpiece, which leads to an 
increase in the separation of particles from the diamond 
cutting disc and the cut material. The roughness of the cut 
surface of the sample deteriorates. In addition to taking 
into account the value of the parameter Rz, measurements 
of the parameter Ra were also made, depending on the 
technological and vibrational parameters of the 
processing (Table 2). Vibro-impact mode 1 proved to be 
the most favorable. Deterioration of the roughness was 
observed in vibro-impact modes 2 and 3, which makes 
them impractical for implementation. 

TABLE 2 VALUES OF THE RA PARAMETER OF THE CUT SURFACE OF THE 
OPTICAL SLUG  

Processing  
mode  
 

No 
vibration 

Vibro-
impact 
mode1 

 

Vibro-
impact 
mode2 

 

Vibro-
impact 
mode3 

 
 Values of the parameter Ra ( )μm  

Static load,  
N 

4 0,098 0,045 0,049 0,064 

3,06 0,078 0,028 0,03 0,041 

2,11 0,06 0,01 0,02 0,03 

 

The influence of the amplitudes of the vibrational 
velocity and the vibrational acceleration on the value of 
the parameter Rz are reflected in Fig. 3., a and b.  

 
а) 

 
b) 

Fig. 3. Dependence of the parameter Rz μm  of the optical slugs cut 
surfaces at different values of the static load: a) on the amplitude of the 
vibrational velocity; b) on the amplitude of the vibrational acceleration. 

It can be seen from the Fig.3, that with an increase in 
okV  and oka , the value of the Rz parameter decreases and 

reaches a minimum value at okV  - 0,95 - 1,0 m / min  and 

oka  - 29,28 - 9,3 m / s , while with a further increase in 

okV  and oka  the value increases. This indicates the 
existence of an optimal value of and, ensuring minimum 
values of the parameter Rz of the cut surface. From Fig.3 
it can be seen, that the reduction of the static load value 
from 4 N to 2,11 N leads to improvement in machining 
quality, which is explained by the decreased introduction 
of small-sized abrasive grains into the workpiece material 
in the cutting zone. At the same time, the sharp decrease 
in the roughness affects the increase in the frequency of 
forced oscillations in mode 3, which causes additional 
polishing, due to the friction of the cut surface of the 
workpiece with the side surfaces of the cutting disc.  

III. CONCLUSION 
On the basis of the experimental studies, carried out 

both during vibro-impact and traditional cutting of optical 
slugs, it was established, that in the process of vibro-
impact cutting the quality indicators of the surface 
roughness improve. This is explained by the additional 
friction between the side surfaces of the cutting diamond 
disc and the cut surfaces of the optical workpieces. The 
periodic separation of fine optical particles, caused by the 
oscillating vibro-impact cutting system, further 
contributes to improvement of the working conditions. 

IV. ACKNOWLEDGMENTS 
This work was supported by the European Regional 

Development Fund within the OP “Science and 
Education for Smart Growth 2014-2020”, Project 
Competence Centre “Smart Mechatronic, Eco-And 
Energy Saving Systems And Technologies”, № 
BG05M2OP001-1.002-0023. 

REFERENCES 
[1] S. Hambücker, “Technologie der Politur sphärischer Optiken mit 

Hilfe der Synchrospeed-Kinematik,” dissertation, Berichte aus der 
Produktionstechnik, Shaker Verlag, Berlin, Germany, 2001. 

[2] Riemer, O.: “Trennmechanismen und Oberflächenfeingestalt bei 
der Mikrozerspanung kristalliner und amorpher Werkstoffe,” 
dissertation, University Bremen, Forschungsbericht Band 7, 
Shaker Verlag, Aachen, Germany, 2001. 

[3] Voss R., Fundamentals of Carbon Fibre Reinforced Polymer 
(CFRP) Machining. Eigenössische Technische Hochschule Zürich 
(ETH): Zürich, 2017. 

[4] K. Kumov, H. Metev, T. Kuzmanov. Geometric Accuracy in 
Machining Console Set Preparations. Mechanical Engineering and 
Mechanical Science, Technical University of Varna, vol. 26, pp. 
127-132, ISSN 1312-8612, 2016. 

[5] T. Zhao, J.M. Zhou, V. Bushlya, J.E. Stähl, Effect of cutting edge 
radius on surface roughness and tool wear in hard turning of AISI 
52100 steel, Int. J. Adv. Manuf. Technol. 91, pp. 3611–3618,  
2017. 

[6] A.S. Vaykhinde, U.B. Bhor, V.V. Sachhe, S.P. Valte, S.B. 
Deokar, Review of effect of tool nose radius on cutting force and 
surface roughness, Int. Res. J. Eng. Technol. 4, pp. 699–703, 
2017. 



Angel Lengerov, et al. Experimental Study of Surface Roughness in Vibro-impact Cutting of Optical Slugs 

148 

[7] Agmell, M.; Ahadi, A.; Gutnichenko, O.; Ståhl, J.E. The influence 
of tool micro-geometry on stress distribution in turning operations 
of AISI 4140 by FE analysis. Int. J. Adv. Manuf. Technol.  89, pp. 
3109–3122, 2017. 

[8] B. Denkena, A. Kroedel, T. Grove, Influence of pulsed laser 
ablation on the surface integrity of PCBN cutting tool materials, 
Int. J. Adv. Manuf. Technol. 10 pp. 1–12, 2018.  

[9] Filip A C, Morariu C O, Mihail L A and Oancea G,  Research on 
the Surface Roughness of Hardox Steel Parts Machined with an 
Abrasive Waterjet, STROJ VESTN-J MECH E 65(4) pp. 230-237, 
2019. 

[10] Dudutis J., Zubauskas L., Daknys E., Markauskas E., Gvozdaitė 
R., Račiukaitis G., Gečys P. Quality and flexural strength of laser-
cut glass: Classical top-down ablation versus water-assisted and 
bottom-up machining. Opt. Express. 2022;30:4564–4582. doi: 
10.1364/OE.447143. 

[11] Grissa, R.; Zemzemi, F.; Fathallah, R. Three approaches for 
modeling residual stresses induced by orthogonal cutting of AISI 
316L. Int. J. Mech. Sci.  135, pp. 253–260, 2018,  
https://doi.org/10.1016/j.ijmecsci.2017.11.029. 

[12] Fan, Y.H.; Wang, T.; Hao, Z.P. Surface residual stress in high 
speed cutting of superalloy Inconel 718 based on multiscale 
simulation. J. Manuf. Process. 2018, 31, pp. 480–493, 
https://doi.org/10.1016/j.jmapro.2017.12.011. 

[13] Wang, B.; Liu, Z.; Hou, X. Influences of Cutting Speed and 
Material Mechanical Properties on Chip Deformation and Fracture 
during High-Speed Cutting of Inconel 718. Materials 2018, 11, 
461, DOI: 10.3390/ma11040461. 

[14] Filmetrics,  User Manual: Profilm3D Optical Profiler and 
Analysis Software (San Diego: Filmetrics), 2018. 

 

 


	I. Introduction
	II. Experimental determination of surface roughness
	III. Conclusion
	IV. Acknowledgments
	References

