Š. SALOKYOVÁ, J. DOBRÁNSKY, A. PANDA

ISSN 0543-5846
METABK 56(1-2) 164-166 (2017)
UDC – UDK 621.7:621.773.96:534.63:621.376.2=111

MONITORING THE INTENSITY OF MECHANICAL VIBRATION
DURING THE PROCESSING OF CHROME STEEL 14109
Received – Prispjelo: 2016-04-25
Accepted – Prihvaćeno: 2016-09-10
Preliminary Note – Prethodno priopćenje

Article deals with the examination of the effect of cutting parameters on the occurrence and size of mechanical vibration on three selected measured points during the processing of chrome steel. It also includes execution, experiment evaluation in this field and comparison of measured vibrations acceleration amplitude values according
to the standards. The results of the measurement serve for early identification of a defect, which has great effect on
the smoothness and efficiency of the machine. The article concludes with the proposed new findings from the
measured values evaluation and formulated new recommendations for the operation in production system with
lathe turning technology. The measured experimental values of the acceleration amplitude of mechanical vibrations were compared with theoretical values.
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INTRODUCTION
The processing of metals using the lathe technology
is a complicated process, where the quality of the surface and the occurrence of vibration depends on a significant number of cutting parameters and tool equipment. Currently in order to prevent the occurrence of
mechanical vibration, the standard procedure requires
careful planning of the input technological and cutting
parameters [1]. The occurrence of vibration caused by
several sources, specifically the construction and rigidity of the machine, selection of tools and type of processed material. During the processing two types of vibration occur. Forced vibration is identified as processing vibration and is the result of some periodic forces
occurring in the machine [2,3]. The sources of these
forces are according to Gilla and Zghal [4,5] bad drives,
imbalance of the processing machine and feed. Selfoccurred vibration occurs due to the interaction during
the removal of splinter [6,7]. After measuring the signals of the mechanical vibration during the lathe processing, measured data is processed using some of the
techniques for the purpose of getting the amplitude and
the vibration acceleration frequency. The traditional
techniques of processing signals include the spectral
analysis and time area analysis according to Braun [8],
Santos [9] and Guimarãese [10]. In an effort to reach the
highest possible productivity during the lathe processing, bigger and bigger demands are placed on the removal of material and cutting parameters of the processing machines. This article is focused on closer exŠ. Salokyová, J. Dobránsky, A. Panda, Faculty of Manufacturing Technologies with a seat in Prešov, Technical University of Košice, Slovak
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amination of stated problem, measurement and subsequent evaluation of measured values on selected points
of the lathe [11-13].

MEASURING CONDITIONS
The experiments were realized on a machine LATHE
SUI 40 at chosen 3 points.
Chosen three points – the chucking device, the gearbox and the work piece are shown in Figure 1. The processing was done using the standard carbide tool P30
and the inserted tool with a 25 mm square shank with a
length of 15 cm without the use of cutting fluid. The
feed was constant during the measurement. Details on
the technical parameters used during the experiments
are listed in Table 1.
The measurement of the vibration was performed
using a contactless method, specifically using a laser
interferometer Polytec PDV – 100.
Vibration acceleration amplitude measured in this
way are recorded in the memory of the measuring device CompactDAQ NI 9233 (dynamic range 102 dB;
maximum speed for each channel 50 kS/s) of the National Instruments Company.
Table 1 Technological parameters of the experiments
1 exp.
measuring points on the lathe

spindle rotation / rpms

depth of the cut / mm
feed / mm/rot

2 exp.
3 exp.
chucking device
gearbox
work piece
355
560
900
4
0,4
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Figure 1 Measuring points of the lathe of the SUI 40 type

MEASURING VALUES
Evaluation of measured values is based on creation
of frequency spectrum using fast Fourier transformations ranging between 0 to 10 kHz. It enables determination of the number of harmonic frequencies in the
observed signal. It is then possible to immediately observe the evaluated signal on a laptop with the SignalExpress software. SignalExpress program features several functions that are necessary for correct evaluation,
recording of measurements and their analysis. Chart
functionalities of change in the course of vibration acceleration amplitude at a frequency are evaluated jointly for engine revolution of 355, 560 and 900 rpm and
individually for three checkpoints chosen in advance –
a chuck, a gearbox and a workpiece.
The chart in Figure 2 is an example of the change in
course of the vibration acceleration amplitude at frequencies for engine revelation of 355 rpm respectively
and reduction of 4 mm in workpiece material. By analogy, charts have been drawn for functionalities of vibration acceleration amplitude and frequencies of vibrations in analysed engine revolutions at measured checkpoints, which were the chuck and the gearbox. Comparative charts of vibration frequency spectra were
made from the functionalities chart - separate ones for
measured checkpoints and a joint one for selected engine revolutions of the lathe. Figure 3 shows a comparative diagram of frequency spectra envelopes common

Figure 2 Chart functionality of the vibration acceleration
amplitude dependent on frequency for the
workpiece and three analysed lathe engine
revolutions
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Figure 3 Comparative chart of frequency spectra envelopes in
the chuck

for the selected engine revolutions of 355, 560, and 900
rpm respectively, used in measurements on the chuck.
Comparative diagram of frequency spectra envelopes
for analysed engine revolutions at the gearbox checkpoint is shown in Figure 4 and Figure 5 shows the same
for the workpiece.
It is possible to conclude from the frequency spectrum envelope that at 355 rpm, the highest value of amplitude of vibration acceleration was reached compared
to other selected revolutions of 566 and 900 rpm respectively. Maximum value of 0,352 g was reached at 355

Figure 4 Comparative chart of frequency spectra envelopes in
the gearbox
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longer materials in order to decrease vibration on the
workpiece and the chuck. For operation with a 4 mm
reduction in material, it is recommended the turning
process be carried out at 560 rpm of the engine. Given
proposals are useful for reduction of vibration and thus
increase in quality of the machined surface, extension
of life of the device and its functional parts.
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Figure 5 Comparative chart of frequency spectra envelopes
in the workpiece

rpm and at the frequency of 900 Hz; at the revolutions
of 560 and the frequency of 7,8 kHz, the maximum value reached was that of 0,011 g and the value of 0,014 g
is the maximum measured value at 900 rpm and at the
same frequency of 7,8 kHz. Difference between the
minimum and the maximum value represents growth as
significant as 95,85 %.
It is possible to conclude from the comparative chart of
envelopes that at 900 rpm, the maximum value of vibration acceleration amplitude was reached compared to other
selected revolutions of 355 and 560 rpm. The maximum
value of 0,052 g was reached at 355 rpm and the frequency
of 200 Hz. At 560 rpm and the frequency of 400 Hz, the
maximum value of 0,0165 g was reached and the value of
0,1778 g is the maximum measured value at 900 rpm and
the respective frequency of 600 Hz. Difference between
the measured values represents 70,19 % growth.
It is possible to conclude from the frequency spectrum envelope that at 560 rpm, the highest value vibration acceleration amplitude was reached compared to
other selected revolutions of 355 and 900 rpm respectively. The maximum value of 0,722 g was reached at
355 rpm and the frequency of 100 Hz. At 560 rpm and
the frequency of 1,1 Hz, the maximum value of 0,7792
g was reached and the value of 0,7780 g is the maximum measured value at 900 rpm and the frequency of
300 Hz. Difference between the minimum and maximum value represents 7,32 % growth.

REFERENCES
[1]

[2]

[3]

[4]
[5]

[6]
[7]

[8]
[9]

[10]

CONCLUSION
By comparing the results of individual measurements with values designated for the given lathe it can
be stated the values that were achieved cause damage.
The maximum measured vibration values in the gearbox appear only in the beginning of the process to stabilize later on and fall back within the unlimited operation
domain. Rotating parts, such as the chuck and the workpiece, show high values even after stabilization and
cause significant damage to device. Therefore it is recommended to use a fixing grip during machining of
166

[11]

[12]

[13]

B. Sick, On – line and indirect tool wear monitoring in
turning with artificial neural networks: a review of more
than a decade of research, Mechanical Systems and Signal
Processing 16 (2002) 4, 487-546.
Y. Altintaş, M. Eynian, H. Onozuka, Identification of
dynamic cutting force coefficients and chatter stability
with process damping, CIRP Annals – Manufacturing
Technology 57 (2008) 1, 371-374.
G. Frumuşanu, A. Epureanu, I. Constantin, Cutting process
stability evaluation by process parameters monitoring,
Proceedings of the 8th WSEAS International Conference
of Non-linear Analyse, Non-linear Systems and Chaos,
University of La Laguna, Tenerife, Canary Islands, Spain,
2009, 345-350.
G. R. Gillich, Dinamica maşinilor, Modelarea sistemelor
tehnice, Editura AGIR, Bucureşti, 2003.
B. Zghal, M. Haddar, Numerical model for dynamic
analysis of tool and work piece in turning, Advances in
Production Engineering & Management 2 (2007) 2, 55-62.
Z. Korka, Bazele aşchierii şi generării suprafeţelor, Editura
Eftimie Murgu, 2013.
M. Siddhpura, R. Paurobally, A review of chatter vibration
research in turning, International Journal of Machine Tools
and Manufacture 61 (2012), 27-47.
S. Braun, Mechanical Signature Analysis: Theory and
Practice, Ed. Academic Press, London, 1986.
A. L. B. Santos, M. M. Sousa, M. A. V. Duarte, Estudo do
Comportamento da Rugosidade Ra de uma Superfície Fresada Utilizando Sinais de Vibração de Bandas de Frequência de
1/3 de Oitava, Proceedings of the National Congress of Mechanical Engineering –CONEM 1998, Natal, Brazil, 1998.
T. A. Guimarães, E. S. Costa, C. H. S. Gonçalves, Correlação Entre a Rugosidade e a Vibração de Canais Fresados
na Liga de Alumínio ASTM-6351 Usando o Cepstrum de
Potência. Proceedings of the National Congress of Mechanical Engineering – CONEM 2008, Salvador, Brazil, 2008.
I. Samardžić, T. Vuherer, D. Marić, P. Konjatić, Influence
of vibrations on residual stresses distribution in welded
joints, Metalurgija 54 (2015) 3, 527-530.
R. Kreheľ, D. Krchová, M. Kočiško, Diagnostic analysis
of cutting tools using a temperature sensor, Key Engineering Materials 669 (2016) 382-390.
L. Dahil, A. Karabulut, Assessment of the vibration on the
foam legged and sheet metal-legged passenger seat, Metalurgija 55 (2016) 1, 41-43.

Note: The responsible for English language is Mgr. Lucia Gibľáková,
Bratislava, Slovakia

METALURGIJA 56 (2017) 1-2, 164-166

