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OPTIMIZATION FOR METALWORKING MACHINERY WITH
FLEXIBLE LOGIC OPERATIONS’ DYNAMICS ANALYSIS

The technique for the amplitude and phase frequency characteristics (APFC) of the spindle unit (SU) has been
developed based on the results of the metalworking equipment APFC analysis as well as experimental determination of the
machine’s APFC according to values of its nodes. This allowed developing of the information technology for work complexity
optimization during the metalworking machinery with flexible logic (FL) operations’ dynamics analysis. Timely and
qualitative operations’ diagnostics of the equipment through the introducing of the proposed information technology
increases equipment performance, provides machining at a high quality level and increases the timing of overhaul cycles by
reducing the maintenance time.
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CyMCcKol roCcyJapCTBEeHHBIH YHUBEPCHTET

NH®OPMALMOHHASA TEXHOJIOI'USI OIITUMU3AIIUU CJIOKHOCTHU PABOT
TP AHAJIM3E JUHAMUKHU ITPOHECCOB ®YHKIIUOHUPOBAHMUS
METAJIJIOOEPABATBIBAIOIIEIO OBOPYJIOBAHHUS C THEKOM JIOTHKOM

TexHuka amnaumydHo- u ¢azouacmomuuvix xapakmepucmuk (APFC) 6aoka wnuHdeas (SU) 6vlia paspabomaHa Ha ocHose
pesyabmamos APFC anaau3a memannoobpabamoiearouezo 060py008aHusl, a makice skcnepumMeHmaabHozo onpedeaeHust APFC mawuHbl 8
coomeemcmeuu ¢ 3HQYEHUAMU ee y3/108. IMo No3801UN0 paspabomky UHPOPMAYUOHHBIX MEXHOA02Ul 051 ONMUMU3AYUU CAOHCHOCMU
pabomel 8 MemasanoobpabamoeisaoujeM obopydosaHuu c¢ 2ubkoli sozukoi (FL) aHaausa Juxamuku onepayuu. JuazHocmuka
C80eBPEMEHHO20 U Ka4ecmeeHH020 6blNoJHeHUs onepayuli duazHocmuku 060py0osaHust 4epe3 e8sedeHue nNped.azaeMbix
UHEPOPMAYUOHHLIX MeXHO/102Ull nosblwdem npousgodumenbHOCMs 060pydoeaHus, obecnevusaem o06pabomky HA BbICOKOM YpOGHe
Kayecmea u ygeauvusaem CpoKU YUK/A08 KANUMAAbHO20 06CAYHCUBAHUS 3a CHEM COKPAUWEHUS! BpEMEHU 00CAYHCUBAHUSL.

Kawouesvle csnosa: uHpOpMayuoHHble ~MexHo02UU, Memas/noobpabamsiearwujee o06opydosaHue, amnaumyoHvle U
¢asosouacmommble XapaKkmepucmuKu, NnepcoHaAbHbLI KoMnblomep, npoepamMmHoe obecneyerue, 610K WNUHOEAs.

Objectives

For the modern metalworking equipment it’s important to provide the high quality of the certain nodes and
constructions according to all output parameters (accuracy, stiffness, dynamic compliance, heating temperature,
noise level, etc.). Hence development of the information technology for work complexity optimization during
operations’ dynamics analysis becomes a relevant scientific and technical challenge. The information technology is
based on the mathematical analysis of the APFC of the metalworking equipment’s entire flexible system as well as
development of the techniques for spindle unit’s APFC determination and experimental determination of the
machine’s APFC according to APFC of its nodes.

Dynamic compliance of the flexible system (FS) of metalworking equipment is determined based on APFC
and requires additional examination and research.

Complications of the interactions of numerous formatives with auxiliary functional metalworking
equipment’s nodes with FL are characterized by trend of transition from differential to integral relations in
electromechanical control systems and the necessity of improving their reliability. It is required to follow a variety
of the consequent or parallel conditions in order to invoke action of the control actuator. These conditions are
implemented by different logical operations of the hardware layer in the elementary circuits of the
electromechanical system (mode and cycle determination, etc.).

During such researches it is essential to have reliable information regarding dynamical characteristics of the
separate nodes of the electromechanical system as well as the entire device. The method which allows obtaining
reliable experimental dynamic characteristics has been proposed in this work. These characteristics are represented
by APFC of the separate nodes as well as characteristics of the entire FS based on the known parameters of its
nodes.
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Research and publications analysis
Research of a metalworking equipment of the 6P13F3 model resulted in determination of experimental
APFC of the entire FS under the load of forces p and r_that are used as input data to calculate the required

experimental APFC of the spindle unit y ;» according to the developed technique of the calculation on the personal
computer (PC). The research mentioned above is conducted by the authors and presented in the paper [4].

Firstly from the system of two equations
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additional APFC has been calculated ﬁ’;ﬂ iand W ,;, then according to the formula
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- the main APFC of the spindle unit has been defined.
The complex radial APFC of the machines’ FS w ; and

APFC of 6P13F3 SU W ;. are depicted on the figure 1.

The axial APFC of the SU has been determined based on the
same method but using contactless vibrator 2 (figure 2, b):
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The simplified method of the FS’s APFC determination has
been developed. It allows additional APFC of the assembly when
load is added to the spindle directly. The mentioned above method is
based on the independent coordinates of the FS’s SU usage. For SU
that makes up the gully system and usually have the axis or plane of
symmetry these coordinates (in the considered frequency range 0-600
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Hz) are the axial and radial direction or two radial (at 90 °). One of
which coincides with the plane of symmetry (in the absence of
coordinates’ bonds in the assembly due to ovality of bearings’ necks,
uneven stiffness of the spindle, mandrel, etc.).
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Figure 1 — Experimental radial APFC of the
machine (the solid line) and SU (dashed line)

Herewith the mutual APFC should be
determined first (for instance for the radial
characteristic w>, w7, w7). The required
additional APFC of the SU will be calculated
then according to expression (1).

During the experiments the radial
APFC have been analyzed as well as axial ones
in order to choose the most suitable and optimal
construction according to the criteria of the
dynamical quality. 6R13F3 turned out to be the
best construction of the SU. It is characterized
by the minimal static and dynamic compliance
and maximum natural frequency (for both radial
and axial APFC).

Technique for experimental
determination of the machine’s APFC according
to APFC of its nodes has been proposed:

. A
‘Additional
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Basic subsystem
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Figure 2 — Dynamic models of the linear machinery FS:

a — entire FS; b — partial FS.
D(m Dan Dq[ Du[ ] in Dt]l' . in (4)
W) =Wp +W4[E-W4+Wr)y We(Wy) | We;

Herein P and F (figure 2, a) — are the components of the external disturbances’ vector T ; these
disturbances are impacting FS at points n and ; correspondingly (P - force which simulates the cutting force; F -

arbitrary external perturbations, such as obtained by artificial means using vibrator) [4].

The technique is implemented by calculation of the axial APFC of the machinery (model 6R13F3) based on

the experimental axial APFC of the SU and APFC’s calculations for machinery’s carrier system (CS).
X1 D Xt

The required experimental APFC of the SU Wp. and W, have been calculated in the same way to the
characteristics Wpr. and W (figure 2, b). The only difference was that sensors of the absolute fluctuations were
placed not on the rotating part.

In order to obtain APFC of the CS the dynamical calculations of the FS has been performed using proposed
technique [4]. The model of the machine is depicted on the figure 3, a. It includes 17 weights (with 29 degrees of
freedom and the corresponding links, some of which are indicated in figure 3, a). Weights 1-11 correspond to FS of
the SU while weights 12-17 correspond to CS of the machine. The calculated axial APFC W, of the machine
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(model 6R13F3) has been obtained on a PC using the kit developed software and depicted on the figure 3, b.
The elements of SU have been omitted by braking link 21 during CS’s APFC Wk determination. Force
F_ has been applied at point j . Fig. 3, b shows the resulting axial experimental and calculated — experimental

APFC W, of the entire FS. The developed software helped to obtain the calculated — experimental APFC.

Comparison of these two APFC shows that their parameters are pretty similar (delta of amplitudes is 15-20%,
frequency and phase 5-7%). Calculated — experimental APFC are more detailed in comparison with the calculated
ones (fig. 3, b) that proves the validity of the system developed.

It is important to note that the given technique considers matrix inversions which consist of experimental
APFC as well as solutions of equations and other algebraic operations on these characteristics. It is necessary to
increase the accuracy of APFC’s determination taking into account their random nature. Thus, in the examples
above, the deviation of output APFC (components 2 - 3%) caused 4-6% of APFC’s parameters distortion. The
experiment’s deviations could be reduced using the recommendations listed in papers [5-8].
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Figure 3 — Calculated-dynamic model (a), calculated axial APFC (b), experimental (dashed line) APFC
of the entire FS of the machine (model 6R13F3) (c)

The assessment of the dynamical quality of the machine (model 6R13F3) with 3 options of SU has been
tested during the cutting as well. It was established that machines’ performance with new SU constructions with
front milling of steel 45 increased on the average by 12% when using high-speed SU and by 27% when using power
SU compared to the performance achieved with serial SU. These data are consistent with the results of the above
analysis of machine’s APFC.

The common optimization of the work complexity during metalworking equipment with FL operations
dynamics analysis has been performed based on the research conducted. As a result new information technology has
been developed (fig. 4).

Timely and qualitative diagnostic of the equipment operations through the introduction of the proposed
information technology increases the productivity of the equipment, provides machining at a high level and
increases the timing of the overhaul cycles by reducing the time to perform maintenance. This allows to decrease the
number of the maintenance staff.

The following formulas should be used in order to determine the necessary number of staff:

mechanics
T,u ' ZRALI'. ' N‘r.p, 5
K = i=1 ( )
4 Fd : Tu.p.
electricians
Te : ZRe.i. : Nr.p. (6)
K, — i=l
Fo ’ Tu,p,

where
t,, 7,- fixed time of maintenance per unit for part of the equipment with numeric control (for mechanics
and electricians per hour).

n

ZR“.‘ , ZRMJ._ - the total complexity of the maintenance.
i=1 i=1
N, , - number of ongoing repairs to the repair cycle (pc)

T, , - repair cycle duration (per year)

According to the research conducted the planned maintenance time is decreased from 0, 21 hour to 0, 17
hour per unit of the repair complexity due to information technology described herein. Ultimately it reduces
maintenance time up to 18%.
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Information technology of the work complexity optimization for metalworking machinery with flexible logic
operations’ dynamics analysis

| Models and characteristics of the control signals |

| Methods and algorithms for processing, comprehensive diagnostics, results analysis, design |
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Figure 4 — Design of the information technology of the work complexity optimization
for metalworking machinery with flexible logic operations’ dynamics analysis

Summary

The examples of the equipment operations reliability enhancement assessment in case of the proposed IT
implementation have been considered within this paper. They demonstrate the expediency and efficiency of the
developed method and techniques for the node-by-node analysis of the dynamical characteristics of the metal cutting
equipment with FL (e.g. machines with computerized management systems).

Unification of the control, management and diagnostics means into the single system has been considered
as one of the implementation ways of the developed IT provided increased control fitness of the facilities being
diagnosed.

It is recommended to use the new generation of the ant-vibration monitoring systems (both stationary and
portable modules for monitoring and diagnostics) during the proposed IT usage for the equipment with
computerized control systems. This is also relevant for the comprehensive diagnostics as well as for long-term
forecasts of the equipment’s technical conditions. It also helps to reduce operation costs as well as number of staff.
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