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WAYS OF IMPLEMENTATION OF VIBRATIONS
SUPPRESSION METHODS AT PARTS MACHINING
WITH CNC MACHINE TOOLS

B.M. Touxonoeuit, C.A. 3enincokuii, B.A. Bodiues, B.B. Hamanvuuwiun, AJK. Tkau. Ulasaxum peajizauii MeToaiB 3HHIKeHHS
BiOpaniii mpu MexaHiyHiii 00poOLi KeTaeli Ha cTaHKAX 3 YHCJIOBUM NPOrPaMHHM KepyBaHHsM. [lonanbiie niABUIEHHS e(eKTHBHOCTI
MeXxaHI4HOI 0OPOOKH AeTaell 3 MaIok0 KOPCTKICTIO BUMArae 3aCTOCYBaHHs HOBHX TEXHOJOrYHUX pilieHb. KoHIemnmis 3HIKEeHHs perenepa-
THBHHX KOJIMBAaHb 38 PaXyHOK MOIYJIALIi MIBHIKOCTI pi3aHHs CTa€ OJHUM 3 TaKUX HanpsMKiB. Mema: MeToro poOOTH € pO3poOKa CHCTEMU
yIpaBliHHs ISl Ppe3epHUX BEPCTATIB, sIKa J03BOJISIE 3iMCHIOBATH MOIYJIALIIO BUIAKOCTI Pi3aHHs BiJAIOBIHO 10 MEPiOJUYHOrO 3aKOHY i3
3a/1aHOI0 ITIMOWHOI0 i YactoTolo. Mamepianu i memoodu: Po3poOKy cucTeMH YNpaBIiHHS MPOBEICHO MU (PEe3epHUX BEPCTATIB MapKH
Micron OMMO64SC 3 cucremoro kepyBanHs SINUMERIK 802D. Pesyasmamu: Po3po0ieHO TEOPETHYHI OCHOBH HOBOI KOHLIEILIIH
3HIDKEHHSI PEreHepaTHBHHUX KOJIMBaHb, e()EKTHBHICTD SIKOI MiATBEPIXKYETHCS MPOBENCHUMH AOCTIIKEHHSIMH. PO3rISIHYTO pi3HI BapiaHTH
peaJizanii 10AaTKOBOI KOPEryl04oi JaHKU CHCTEMHU YIPABIiHHA 3 QYHKLIE0 MOAYIILIT BUAKOCTI pisaHHs. HaBeneHo nepesaru i Henoumiku
KOKHOTO 3 pO3rJsIHYTHX BapianTiB. HaBemeno Oiok-cxemy peanizanii po3po0sieHoi cucreMd Ui (Gpe3epHHUX BEpCTaTiB MapKu
Micron OMMO64SC 3 cucremoro kepyBanus SINUMERIK 802D.

Kniouogi croga: mporpaMHi CUCTEMH YIPABIIiHHS, BiOpaLiiiHa CTIHKICTb, TOYHICTH OOPOOKH.

V.M. Tonconogy, S.A. Zelinskiy, V.A. Vodichev, V.V. Natalchishin, A.Zh. Tkach. Ways of implementation of vibrations suppression
methods at parts machining with CNC machine tools. The further magnification of efficiency of parts machining with little inflexibility
demands the machining application of new technological solutions. The concept of suppression of the regenerative oscillations at the expense
of modulation of cutting speed becomes one of such directions. Aim: The aim of the research is the development of the control system for
milling machine tool, allowing to realize modulation of cutting speed under the periodic pulsing law with the given modulating depth and
frequency. Materials and Methods: Development of the control system is made for the machine tool Micron OMM64SC with control unit of
SINUMERIK 802D. Results: The theoretical fundamentals of given concept of suppression of the regenerative oscillations are developed;
research works have confirmed the efficiency of its applications. Various alternatives of implementation of an additional correcting link of a
control system by a cutting machine with function of modulation of cutting speed are observed in the paper. Advantages and deficiencies of
each of alternatives are specified. The original block diagram of the system is resulted and the exposition of its practical implementation on
horizontal milling machine OMM64 with CNC system of SINUMERIK 802D is resulted.

Keywords: program control systems, vibratory steadiness, precision of machining.

Introduction. In aviation, energy and other branches of engineering industry the kind of parts of
the complicated curvilinear shape, such as, mono wheels, turbine buckets, card blades etc. are applied
widely enough. As a rule, they are important parts of mechanisms and consequently high demands are
made to them on precision of machining and quality of a surface.

Machining of parts of this type is carried out with a method of contour milling on machine-tools
with numerical control more often. In addition, contour milling by end mills usually is a finishing
operation.

Efficiency of machining and quality of surface decreases because of the vibrations originating
during cutting. The nature of origination of vibrations is bounded to various factors. We can specify
such basic factors as the insufficient inflexibility of technological system (TS), thermomechanical
appearances of cutting process and the regenerative vibrations.

Vibrations lead to origination of the regenerative oscillations that significantly reduce the
machining accuracy and surface roughness, increase the rate of tool wear.
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By this time, the scientific fundamentals of dynamics of cutting machines are developed and
created, great volumes of research works on raise of dynamic stability of cutting processes by raise of
inflexibility and a damping capacity of the TS, using the optimum regimes and machining strategies
are executed and published. The results of these studies and works have significantly expanded the
boundaries of areas of optimum regimes of cutting and increasing in productivity of machining. At the
same time, the possibilities of known designs are already largely exhausted that defines the necessity
of searching of new paths.

One of new paths is the concept of using of a variable cutting speed for damping of the regenera-
tive self-excited vibrations. The concept fundamentals are stated in [1] where the theoretical justifi-
cation of that fact is resulted that it is possible to achieve positive effect in suppression of the regenera-
tive oscillations with variation of frequency and a percentage modulation of cutting speed.

In [2, 3] the concept of suppression of the regenerative oscillations at the expense of periodic or
in a random way changeable cutting speed is developed.

In particular, it states that the result of a steady self-oscillation damping can be achieved by the
forced creation of a variable period of waves on the surface of cut. It is determined by the oscillation
frequency of the TS along the X-axis perpendicular to the cutting surface, and the speed of the latter
along the axis Z, i.e. cutting speed.

Introduction of machining with a variable cutting speed in industry is restrained by that fact that
up-to-date machine tools do not possess ability to modulate cutting speed, commercially available
tooling and tools for such purpose does not exist. This path is universal and perspective, but demands
working out of new control systems for working motions drives of machine tools or enhancements to
existing systems for the purpose of implementation of a possibility of a program modulation of cutting
speed in the course of machining.

The aim of the research is the development of the control system for milling machine tool,
allowing to realize modulation of cutting speed under the periodic pulsing law with the given modu-
lating depth and frequency. Development of the system is made for the machine tool Micron
OMMO64SC with control unit of SINUMERIK 802D.

Materials and Methods. There are various methods of vibrations level lowering. Classical
solutions are based on magnification of technological system inflexibility.

However, in case of machining of the above-stated grade of workpieces, the magnification of TS
inflexibility not always can be implemented for two principal causes. The first cause is that observed
workpieces have low inflexibility and the complicated geometrical surface that creates difficulties of
use of damping devices and as consequence, the workpiece is most unstable vibration element of the
TS. In case of contour milling, the end mill with small diameter and major length of an overhang of
milling cutter is the second unstable vibration element of the TS.

Besides, magnification of TS inflexibility does not eliminate a major factor of origination of
vibrations — the regenerative oscillations. The regenerative oscillations as an aspect of self-excited
vibrations exist constantly and do not suppress because of variable cutting force. Fluctuations of the
cutting force causes such variables as the thickness of the slice, the pressure angle between the cutter
and the workpiece, and the periodic appearance of built-up edge, the frequency of the formation and
cleavage build-up equal to the frequency fluctuations of the cutting force.

Therefore, up-to-date methods of damping of the regenerative oscillations are based on control of
a spindle rotational speed (cutting speed).

Two various ways are possible for implementation of this method:

1. Determination of the cutting speed that provides vibration-free processing based on of mathe-
matical models embodied in machine controller and connecting the vibration parameters and modes of
processing (rate) for the specific conditions of the cutting process in real time with automatic modula-
tion (correction) of cutting speed according to model.

2. Equipping the machine tool by control system that permits modulation of the cutting speed.
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The implementation of the first method is difficult due to the fact that the mathematical model has
to consider a large number of interrelated variables, including random nature. Therefore, the practical
realization of this method for a machine tool equipped with the most modern CNC is very laborious.

There are problems with the “incorporation” of special correction link to the program controller
when implementing the second method based on the use of software modulation techniques of cutting
speed in machine tools.

The analogue regulators have been developed to suppress the regenerative oscillations by
controlling the rotational speed of the spindle for machine tools without CNC. However, it is
impossible to use them in machine tools with CNC by placing such device in the output of program
controller, which forms the signal of demanded frequency of rotation of the spindle. This is because of
the CNC monitors compliance with the set speed with the actual value measured directly on the
machine spindle using special sensors. If the error value is exceeded, the CNC device receives an
internal signal of system malfunction, which leads to an emergency stop of the machine.

Another option involves the connection of the
control input of the CNC controller of the machine tool Iy pr——
with an external controller, which generates a signal of
correction of spindle speed. Modern CNC unit allow
you to analyze the state of one or more control inputs contalachine,
when the control program is executed (in the process of Y LS
cutting). The result of this analysis is the parameter L
adjustment of process control program. The block

Digital -
ixput l“..:: Control signal

SINAMICS

-4

diagram of such system is shown in Fig. 1. T

However, this possibility should be further i@j}: =L
supported by the machine manufacturer in the adapta- L=
tion of the CNC to the particular machine. The control Mot Symchronous
program must be designed so as to periodically review Fig. 1. The block diagram of control system

the status of the control inputs and make appropriate with control signal from PLC
corrections in the course of machining. Moreover, as a

rule, spindle speed can be altered only after execution of

the control program frame. All this greatly limits the implementation of this option.

In [4] the alternative of a cutting speed control by means of a writing of an additional
macroprogram for CNC controller is offered. The macroprogram divides linear trajectories, specified
in the control program, into smaller parts and sets for them a certain spindle rotation speed. The length
of the part is calculated from the magnitudes of the feed rate and the modulation period. This method
is applicable only when the time duration of movement in one frame of the control program is
significantly longer than the period of modulation. Otherwise, the macroprogram will not be able to
divide the desired trajectory into smaller portions and change the spindle speed. It is not applicable for
milling machining of workpieces with the complicated curvilinear surfaces, where all movements are
divided into midget linear sections. Besides the CNC device should have possibilities of
macroprogramming with implementation of mathematical calculations.

Vodichev V.A. [5] proposes to control the feed rate to use the controller connected to the CNC
device instead of feed rate corrector located on the machine control panel. In the same way, you can
control the modulation of the cutting speed. On the machine control panel, the machine operator can
change the feed rate and spindle speed with two correctors. CNC device continuously monitors the
status of these correctors and controls speed of electric drives of the feed and the primary motion
depending on their position. To control the speed of the spindle according to the given parameters of
cutting speed modulation instead of manually cutting speed corrector you can apply an automatic
regulator, which will carry out the simulation of signals coming into the CNC controller from machine
control panel. This way is simple in the practical implementation and may be easily implemented on
various CNC devices. The block diagram of such system is shown in Fig. 2.
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Results. The control system is designed for SINUMERIE
milling machine Micron OMM64SC with the CNC ] “f%l
SINUMERIK 802D. . -

The electric SIMODRIVE is used as the primary ™' J&ml == e
drive of the machine. The electric drives of the control ‘f“"l — ==
machine with digital control device is connected to the | BRI, tl [ 1
CNC unit via an interface DRIVE-CLiQ. The modules
of input and output signals are connected by industrial
local bus PROFIBUS. Such construction ensures very -@n :;ﬂ
simple and trusty mounting with the minimum tion Syachronous
quantity of connective cables. A wide range of control motor * motor
functions n?a'kes 1t as an ideal solupon for Us€ M Fjg 2 The block diagram of control system with
standard milling machines for both simple machines, correction signal imitation

and for 3-axis machines with complex shaping.

The proposed system for modulating of rotation
frequency of the spindle consists of two modules — hardware and software.

The hardware module is an input-output unit IO E14-140 connected to the unit Siemens 802D CNC
and personal computer. E14-140 module is compact multifunctional USB-module: analog-to-digital and
digital-to-analog converters for general use. The main purpose of the module in the system — the
implementation of digital asynchronous input-output. Connecting to the CNC unit is carried out on the
interface bus between the machine control panel and interface MCPA module. This connection allows
the unit E14-140 to simulate the signal from the corrector of spindle speed from machine control
panel. E14-140 unit is also connected via the USB interface to a PC, which directly controls the modu-
lation process.

The software module is configured in the Labview environment. Input-output unit E14-140 has
the special library that allows implementing of function for asynchronous reading and writing data to
the module in LabView environment. To control the rotation speed of the spindle the upper and lower
limits of the speed and frequency of its changes must be set. The speed correction signal from the
machine control panel is transferred into the CNC device in the Gray code. Each of the set values of
speed corresponds to a specific binary code. The range of spindle speed adjustment is in the range
50...120 % of the amount specified in the control program with discreteness from 5 to 10 %.

Necessary for imitation of signals transformation of the given decimal meaning of a percentage
modulation to a binary code is carried out in the software module. The fragment of the software
module is presented in Fig. 3.

Changing the speed of the spindle is carried out under the periodic pulsing law: in the first half of
the period the lower limit of the speed is set, in the second half of the period — the upper limit is set.
Consequently, software module at predetermined time intervals vary binary value input to the hard-
ware module E14-140. The corresponding binary value is set at the digital outputs of the hardware
module. The CNC controller reads this binary code and in real-time mode makes adjustments of
spindle speed. Thus, the implementation of the control program is not interrupted. The software
module changes the value of the code at the digital outputs of the hardware module E14-140 at
intervals equal to half of the modulation period 7,,..,. Appropriately, the CNC device changes the
desired signal to control the spindle speed.

The minimum and maximum values of cutting speeds and modulation period are specified on the
control panel of the software module (Fig. 4).

Fig. 5 shows the change of the spindle speed N in the time range equal to the modulation period
T'0a- The following parameters of cutting speed modulation are set: the modulation period 7,,s =1 s,
the modulation depth is 10%, spindle speed set in the program of the CNC — N = 1000 min™. Fixing
the value of spindle speed implemented with rotary encoder HONTKO HTR-5B, we obtain the resolu-
tion of 100 pulses/rotation.
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Fig. 3. Implementation of the software module Fig. 4. The control panel
in LabView environment of the software module

There are two zones in the graph of spindle speed. The first is a zone of transients of deceleration
and acceleration of the electric drive of primary motion, the duration of which is about 0.1 s. The second
is a zone of steady motion in which the spindle speed fluctuation caused by dynamic overshoot of the
primary motion motor speed due to periodic changes in its load caused by beating of the milling cutter.

With a decrease in the modulation period T,,; duration of transients, the zone (zone 1) remains
unchanged. The duration of the steady motion zone (zone 2) is reduced to its complete disappearance.
Graph of modulation of spindle speed takes the form shown in Fig. 6. Thus, the law of the speed
modulation control changes, from the periodic pulse it will turn into a harmonic.

It can be concluded (using the analysis of the study results) that the minimum value of the cutting
speed modulation period 7, is determined by the dynamic characteristics of primary motion electric
drive. In particular, it depends on the bandwidth of the speed control loop of the electric drive.

The proposed implementation of the system that controls the rotational speed of the spindle has a
number of advantages:

— simplicity of regulator incorporation in the machine tool with CNC;

— system with the regulator can work with different devices without CNC substantial revision and
modernization;

—system can be upgraded to change the spindle speed under other laws — pulse (short-term
change in the rate), triangular and short spindle stop.

N(9), rpm N(?), rpm|
1150f
1100
1100f
1050
1050f
1000f 1000
950
9501
900}
900}
850F
- - 800
Sﬁ% 0.5 1 t,s 0 02 03 04 05 06 07 0.8 t,s
Fig. 5. Graph of spindle speed modulation Fig. 6. Graph of spindle speed modulation under

the harmonic law
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Conclusions. Implemented on a milling machine Micron OMM64SC control system can be used
to perform research works to suppress regenerative oscillations by modulating cutting speed. Further
modernization of the proposed system will implement other control algorithms of cutting speed modu-
lation: triangle, harmonic, random and others. Developed principles of build-up of the system with
special corrective element can be successfully implemented in other machine tools with other models
of CNC devices.

As a result of research work, the principles of appending of special correction link in the CNC
system with the possibility of the spindle speed varying on the periodic law with a given pulse depth
and modulation frequency are developed. Constructive solutions for the implementation of these
principles are presented.
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