Journal of Modern Processes in Manufacturing amdi@ation, Vol. 5, No. 4, Autumn 2016

Experimental Passive Suppression of the Regenerative Chatter
Phenomenon by Variation of the Frequency and Amplitude of the
Spindle Motor Excitation in Turning

Kamyar Foroojani Zadeh 2, Reza Nosouhi® #
"Modern Manufacturing Technologies Research CeNajgfabad Branch, Islamic Azad University,
Najafabad, Iran
*Department of Mechanical Engineering, NajafabachBinalslamic Azad University, Najafabad, Iran
*Email of Corresponding Author: rezanosuhi@pmc.iaartir
Received: November 30, 2016; Accepted: March 19, 2016

Abstract

The suppression of the regenerative chatter phemamia turning process via the variation of the
frequency and amplitude of the spindle motor exoitais carried out in this research. A
programmable inverter is employed for variable qaid excitation of the spindle motor. A set of
turning experiments is designed and performed oanaber of conical work pieces both in constant
spindle speeds and variable spindle speeds. Th&-pwece material was 1.7224 steel. These
experiments are carried out in different spindleegfs so that the stability lobes diagram could be
achieved. The results showed that the passivetivarsaof the spindle speed increase the critical
depth of cut in higher spindle speeds, while indowpindle speeds it is case sensitive. It also
showed that the increasing of the excitation fregyereduces the critical depth of cut, while
increasing the amplitude increases the criticap ¢hickness in lower spindle speeds and reduces
that in higher spindle speeds.
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1. Introduction
Regenerative chatter is a term which is subjeabeth¢ self-excited vibration which is occurred

during the machining. The phenomenon mainly octisause of the chip thickness variations
caused by the successive machining paths. Regmeerehatter causes some limitations in
machining specifically in roughing processes. Tfwre the suppression of this phenomenon has
been attractive for machine manufacturers and relsess.

There are different methods for control and supgoesof the chatter phenomenon, including the
active and passive methods. In active methods |lygha chatter control is achieved by excitation
of the machine, or altering the machine structaradgcordance with the displacement of the tool,
which uses the feedback control strategies to obttie chatter. This is a very effective method of
controlling the chatter and raising the stabilipbés, while it is expensive and case sensitive
method. There are on the other hand, some pasgtreods in which the excitation or change of the
machine structure is independent from the amournheftool displacement or chatter occurrence.
These methods are less effective in chatter sugipreswhile they are less expensive and could be
applied on every machine with different structures.
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There are a number of research works about theivpassethods of the chatter suppression
available in the literature. Wang and Lee propdbedchange in the machine tool structure so that
they can delay the chatter occurrence [1]. Yousalf.aised the non-standard milling tools (variable
helix and pitch angles tools) to alter the cuttb@avior of each of the tool teeth and increase the
critical depth of cut [2]. The method was also pixl by some other researchers [3-7]. The
dissipation of the chatter energy in milling wasfpened by Kim et al. [8]. They implanted a
damper in the milling cutter and dissipated thergydy friction. Semercigil and Chen used an
impact damper for suppression of the chatter vidmng©].

In this research, the regenerative chatter suppresgia the spindle speed variation was
experimentally studied. This research work candresiclered under the passive strategies category,
in which the excitation is independent from the amtaf the tool displacement. A number of conic
work pieces were produced so that the depth otould be increased linearly during the turning
process. The turning experiments were carried oulifferent spindle speeds, both in constant
spindle speed and variable spindle speed conditigfisenever the regenerative chatter was
beginning, the turning process was being stoppedtlam depth of cut was being measured. The
experiments were carried out in different spingieexis so that the stability lobes diagram could be
resulted.

2. Thetest setup

The conic work pieces which were employed for tognéxperiments are shown in Figure 1. The
conical design of the work pieces was becausesedlittiear increase in the depth of cut during the
turning process. In another word, the depth ofnag increased until the chatter phenomenon was
occurred.

Figurel. The work-piece

The variations in the spindle speed were causeal ByC (MOELLER EASY 820) and an inverter
(DELTA). The PLC was connected to the inverter whicas connected to the spindle motor and
produced a harmonic sinusoidal variation in thedle speed.

To investigate the effect of the amplitude of th@ndle speed variations on the results, the
experiments were carried out in different frequea@nd amplitudes of spindle speed variation. The
variations of the spindle speed were about therg@ted spindle speed with %10 and %15
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variations in the amplitude. Furthermore, the tipgiod of the variations was selected 4 and 8
seconds so that the effect of the variation frequexould also be studied.

The experiments were performed on the 1.7224 skeelvariations of the spindle speeds in both 4s
and 8s time periods are listed in Tables 1 and 2600 and %15 amplitude variations respectively.
Also, the minimum and maximum of the frequencyhs pulses which was sent to the motor by the
inverter are denoted i, andFax respectively.

Tablel. the spindle speed variations with %10 viaria

constantspindle 1,5 485 250 355 500 710 1000
speed (rpm)

(frlgﬂmn) 1125 162 225 3195 450 639 900
(f;g% 1375 198 275 3905 550 781 1100

Spindle speed that
disposed by gearbox 180 250 355 500 710 1000 1400

(rpm)
l:min
(%) 62 65 63 64 60 64 64
Fimax 76 79 77 78 73 78 79

(%)

Table2. The spindle speed variations with %15 viarna

constant spindle 125 180 250 355 500 710 1000
speed (rpm)

Mmin 106.25 153 2125 301.25 425 603.5 850
(rpm)
Nmax 143.75 207 287.5 408.25 575 816.5 1150
(rpm)

Spindle speed that
disposed by gearbox 180 250 355 500 710 1000 1400

(rpm)
12(%1 50 61 60 60 57 60 61
Fmax 80 83 81 8 77 82 82

(%)

It is emphasized that the variations were about efi¢he spindle speeds. The critical depth of cut
was measured in all of the turning experiments.

In order to measure the critical depth of cut, ¢endrical turning tests were performed on the
conical test work pieces on the manual lathe. Sihealepth of cut was increasing gradually while
cylindrical turning, the lobe of the stability cdube recognized once the chatter phenomenon
occurred. The machine was stopped when the chdt@romenon happened, and the critical depth
of cut was assigned for that machining condition.

3. Results and discussion:
It should be noted that the main purpose of thislystvas to increase the critical depth of cut by

variation of the spindle speed. However, the ressiiowed that the variations in the spindle speed
do not increase the critical depth of cut in altled experiments. The experiments also showed that
the frequency and amplitude of the spindle speedti@ns affect the critical depth of cut.

15



Experimental Passiveuppression of thRegenerative Chatter Phenomenon layiation of theFrequency ..., pp.13-19

3.1 The effect of the variations frequency
The effect of the variations' time period on théial depth of c. with %10 variations in the
spindle speed is presented inug2.
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Figure2.the effect of the variations' time period on thiéiaal depth of cL with %10variations of the spindle spe

It is showed that neglecting some fluctuations, ¢higcal depth of cut with the oscillation the
spindle speed with thesconds time period was higher than that withogwllation of the spindl
speed with the 4econds time peri.. Therefore the increasing of the frequency reducestitical
depth of cut.The same results could be achiewhile machining with th@615 variations in the

spindle speed, as showed in uHig3.
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3.2 The effect of the variations amplitude
It was obsered that increasing the variations amplitude waekllt in the reduction of the critic
depth of cutin higher spindle speeds, while it causes thecatitiepth of cut to increase in low
spindle speeds. Figure 4 and tiig5 show the results of the criticagpth of cut in%10 and %15
variations amplitude with 4econds an8 seconds of the variations time period respect.

Figure3. the effect of the variatiottishe period on the critical depth of cut w%215 variations of the spindle spe
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Figure4.the critical depth of cut in different variationsiplitude with4 seconds time peri
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Figureb5. Thecritical depth of cut i different variations amplitude with$8econds time peri

The results also showed that the spindle speedtiars excel the critical depth of cut mainly
high spindle speeds, as it can be seen in 2 and 3. In other spindle speetie results are case
sensitive and should be investigated sepatr:

The achieved results could be summarized as foi

1- The variations of the spindle speed alter the dyad&®havior of the machine tool in chatt
Thecritical depth of cut changes as a result ofe variations.

2- The variations of the spindle speed increase tlieatrdepth of cut in high spindle spee
However, in lower spindle speg, it is case sensitive and should be investigate:
different machining conditior

3- The amplitude of the spindspeed variationshanges the critical depth of cut in differ:
directions. In lower spindle speeds, increasinthefamplitude leads to an increase in
critical depth of cut, while in higher spindle sgeeeduces the critical depth of «

4- The frequacy of the spindle speed variations also affeasctitical depth of cui
Neglecting some fluctuationit was observed that thleachining conditions with highe
spindle speed frequency have lower critical depitud

4. Conclusion
The passive chatter gpression by altering the spindle excitation iming was performed i

this research. The variations in the spindle etonaresulted in rising of the stability in hig
spindle speeds, while in lower spindle speeds d@ukhbe studied further. The eropriate
excitation frequency and amplitude were also datexthby the experimental tes
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