ABTOMATU3ALIA TA KOMIMTHOTEPHO-IHTErPOBAHI TEXHONOr [ EREFERER

DOI https://doi.org/10.15589/znp2021.1(484).10
UDC 620.01

COMPENSATION SYSTEM PRECISION MANUFACTURING PARTS
GYROSCOPIC INSTRUMENTS

KOMIEHCAIIMHA CUCTEMA NPEIM3IHHOIO BUTOTOBJIEHHSA
JAETAJIEU I'TPOCKOIIIYHUX ITPUJIAAIB

Ruslan O. Ivanenko! P. O. Isanenko!,

indior@ukr.net CTapIIMii HAYKOBUH CIIBPOOITHUK
ORCID: 0000-0002-1447-6275 C. A. MypaxoBebKHii,

Serhii A. Murakhovskyi? KaHJ. TeXH. HayK, TOLECHT

ORCID: 0000-0001-6920-5715

tUkrainian Research Institute of Special Equipment and Forensic Science of the Security Service of Ukraine, Kyiv
ZNational Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv
'Vkpaincokuil HayKo80-00CAIOHUL IHCIMUMYM CReYIATbHOL MeXHIKU
ma cyoosux excnepmu3z Cnysxcou besnexku Yrpainu, m. Kuie
’Hayionanvhuil mexuiunuil ynisepcumem Ykpainu
«Kuiscoxutl nonimexniunuu incmumym imeni leops Cikopcvrkozo», m. Kuig

Abstract. Article is devoted to issues related to the geometric precision cylindrical parts on lathes with systems of
CNC. The possibility of obtaining high-precision geometric shapes of cylindrical form using complex adaptive system
metalworking process. Particular attention should be paid to the condition of the cutting tool, because it is the most
unreliable element of the technological processing system and its condition directly affects the quality of the surface
layer and dimensional accuracy of the machining part. For turning, it is advisable to create a system of functional
diagnostics that monitors the process. When creating a diagnostic system, you need to choose parameters that are easy
to measure and carry all the necessary information about the process. As studies show, of the whole set of parameters
that characterize the course of the cutting process, the most convenient is vibroacoustic emission. But an important
element is the location of the sensor, as its incorrect installation introduces unwanted interference into the signal and
does not allow to detect all components of the oscillating process. The final stage is the processing and analysis of the
received signal. The most complete idea of the process can be obtained by considering the spectral characteristics of the
received signal. Modern computer technology has high performance and allows real-time signal processing and obtain
all the data we need. As a result of the analysis, the classification of registration registration devices is created, which
allows to determine the requirements for the principles of constructing sensors, their necessary technical characteristics
and aspects of application. The modern touching system should have a great performance (no worse than 100mx) and
the ability to satisfactory location on the instrument or near it; It is determined that the most effective touching systems
for monitoring the mechanical processing process should have the following information outputs to CNC technological
equipment: presence; distance; contact; Tap quality; readiness, which increases the quality of precision technological
processes of mechanical processing.
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Anortanis. CTarTs NPHUCBSYCHA TUTAHHIM, TIOB’SI3aHUM 3 TEOMETPUYIHOIO TOYHICTIO BUTOTOBJICHHS JETallCH IMITiH-
IpuaHOi POopMHU Ha TOKapHUX Bepcrarax 3 cuctemMaMu CNC. JlocmimKyeThcs MOXKIIUBICTh OTPIMAaHHS BHCOKOTOYHHUX
TeOMETPUYHUX (OPM IITIHAPUYHOTO BHIVISTY 3@ JOIIOMOTOI0 KOMIUIEKCHOI a/IaliTHBHOI CHCTEMH IPOLIECOM METaJIo-
00podku. [Iporec TopkaHHS € TOIOBHUM (HOPMOTBOPYINM (paKTOPOM, SIKHI Mae Oe3rmocepenHiil BIUTMB Ha SKICTh KiH-
[IEBOTO MPOIYKTY BUPOOHUIITBA, @ HOTO KOHTPOITh € BAXKIINBUM (HaKTOPOM TiITPUMKH BHCOKOAKiICHOT TexHOOTii. Oco-
OnmBY yBary HEOOXiTHO IPUAUISATH CTaHy Pi3ajJbHOTO iIHCTPYMEHTY, TOMY IO BiH € HaiOLTBIT HEHAIIHHAM eJIeMEHTOM
TEXHOJIOT19HOi 00pOOHOI cHCTeMH, 1 Biff HOro cTaHy Oe3MmocepeHbO 3aJIeKUTh AKICTh IIOBEPXHEBOTO IIapy i po3MipHa
TOYHICTE 00pOOTIOBaNBHOI AeTami. [t TokapHOi 0OpOOKH MOIIIEHO CTBOPEHHS CHCTEeMH (PYHKITIOHATBHOI TiarHOC-
THKH, AKa BiICTeXKye mepeOir mporecy. [1ig yac cTBOpeHHs CHCTEMH JiarHOCTHKH HEOOXiTHO BUOPATH mapaMeTpH, sKi
JIETKO BUMIPSATH 1 IKi HECYTh BCIO HEOOXiIHY iH(pOpMAIIiTo Tpo mporiec. SK moka3yoTs A0CTiHKEHHS, 3 YChOTo Habopy
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napamMeTpiB, 10 XapaKTepH3yIOTh MPOTIKAHHS IPOLECy pi3aHHs, HAWOLIBLI 3pyYHOIO € BIOpoakycTHYHA emicis. Ale
Ba)KJIMBUM €JIEMEHTOM € MiCLle YCTAHOBKH JIaTYMKa, OCKLIbKU HElPaBUIIbHA HOTO yCTaHOBKA BHOCUTH HeOaXkaHi repe-
UIKOJIM B CUTHAJ 1 HE JIO3BOJISIE BUSBUTH BCl CKJIAHUKH KOJMBAJIBLHOTO mporiecy. IlincymMmxkoBuM etarnoM € o0poOKa i
aHaJi3 OTPUMAHOIO CUrHaiy. HailOuipln nmoBHE ysBIEHHS PO MPOTIKaHHS MPOLIECY MOXKHA OTPUMATH, PO3IIISTHYBILU
CIIEKTpaJIbHI XapaKTePUCTUKU OTpUMaHOoro curaaity. CyyacHa O0YHCITIOBaIbHA TEXHIKA MAa€ BHCOKY TPOAYKTHBHICTb i
JI03BOJISIE B PEXKMMI PeaIbHOTO 4acy 0OpOOUTH CHI'HAJ 1 OTpUMAaTH BCl HEOOXiHI HaM JIaHi.

VY pesynbraTi IpOBEICHOTO aHai3y CTBOPEHO Kiiacu(iKalliro IPUIIaiB PeecTpallii TOpKaHHS, sika J03BOJISE BU3HAYUTH
BUMOTH JI0 IPUHLIUIIIB TOOY0BH CUCTEM JATUYHKIB, X HEOOX1/IHI TEXHIYHI XapaKTEePUCTHKH Ta ACIIEKTH 3aCTOCYBaHHS;
CydacHa CHcTeMa TOPKaHHSI OBUHHA MaTH BEJIMKY LIBHKOAIO (He MeHIe 3a 100 MKC) Ta MOXKIIMBICTD 3a/10BLITBHO-
r0 PO3TalllyBaHHS Ha IHCTPYMEHTI a00 1MOOJIN3y HbOTO; BU3HAUCHO, 1110 HAHOLIbII e()EKTHBHI CUCTEMHU TOPKAHHS JIJIs
KOHTPOJTIO ITPOIIECY MEXaHOOOPOOKHM MOBHHHI MaTu Taki iH(opmartiiiHi Buxoau 10 CNC TeXHOJOTYHOro 00JIaHAHHS:
NPUCYTHICTB; BIICTaHb; TOPKAHHS; SIKICTh TOPKAHHS; TOTOBHICTB, L0 I/IBUILYE SIKICTh MPEIM3IHHUX TEXHOJIOTIUHIX
HPOLECIB MEXaHOOOPOOKH.

KarouoBi ciioBa: reoMerpuyHa TOYHICTB; TOYHICTH OOPOOKHM; TipOCKOMIYHI TPHJIaAH; CHCTEMa YIpPaBIIHHS;

aKyCTUYHUH JaTYUK.

INTRODUCTION

The accuracy of the gyroscopic instruments is
significantly influenced by technological factors:
the quality of the assembly and manufacture
of individual parts. In particular, these factors influence
the characteristics of precision instruments: inertial
systems, gyrocompass, angular velocity sensors. In
addition, the accuracy and reliability of the gyroscopic
instruments depends on properly selected parameters
of their elements and components, as well as the layout
and adjustment. In the suspension mounts and sensors
of angular and linear movement, used in navigation
devices and systems that are often used parts of cylindrical
shape [1; 2]. Manufacturing precision parts such form
directly affects the accuracy of the device itself, therefore,
a need to develop specific technologies machining to
ensure the required accuracy [3; 4]. And therefore there
is a need in the industrial equipment with the ability to
compensate for geometric errors, registered measuring
equipment in real time.

The progress of new technological processes in
the conditions of flexible automated systems and precision
machinery and instrumentation requires an increase in
the accuracy of the manufacture of parts and reliability
of concomitant control of the metalworking process.
Control of the state of mechanical processing contains
the definition of the flow and boundary state of the cutting
tool (wear, load, achievement of critical wear, seizure,
destruction). It is known that the control of metalworking
equipment and the working tool can be carried out with
the help of direct or mediocre methods that are based on
the measurement of emission physical phenomena that
forms a material processing zone (that is, its destruction)
[1; 2] under such emission phenomena understand
the power loads, Power of metal working, acoustic
emission, electromagnetic emission, thermal emissions.
Depending on the specific physical phenomenon,
the degree of accuracy and reliability of control is
obtained in the principle of operation of the cutting
instrument. Direct control methods allow directly to

obtain measurements of absolute values of the wear
of the instrument and the size of the part. Methods
of mediocre control allow you to determine different
situations with a tool and are more comfortable in terms
of signal control that comes from the cutting zone. But
these methods have the disadvantages of the accuracy
of measuring the wear of the instrument. The main
disadvantage of all control devices is unsatisfactory
performance of the state of the working tool. The most
important of them is the speed of obtaining information
abouttouchingthetoolanddetailsinconditionsofincreased
surface contamination. In such circumstances, it is
necessary to determine the moment of touching the tool
and details with a high speed; To analyze whether it really
is touching the tool and detail and develop a tool stops
(i.e., the driving system). After all these technological
operations, it is necessary to stop the instrument.
Between the coordinate of valid touch and the coordinate
of the cutting tool, there will be a difference that depends
on the speed of objects and time required to determine
the fact of tapping, a solution to stop and braking. In this
regard, it is the relevance of the development of super-
fast touching systems. Increasing the speed of the touch
system makes it possible to build systems with precision
characteristics of the analysis of access in conditions
of pollution of equipment [2; 3; 4].
STATEMENT OF THE PROBLEM

The problem that arises in the control precision
machining, is to determine the values of strain components
under the action of the cutting tool. The need for such
theoretical and, as a consequence, practical calculations is
that in order to adjust the primary form details must fulfill
several conditions regarding the trajectory of the tool. In
the opposite case, deformation details will be those that
achieve the desired shape, and even more precision, you
cannot. This question is answered controlled precision
machining. A mathematical model was developed control
algorithms and recommendations provide an opportunity
to develop an automated system control precision
machining parts.



ABTOMATU3ALIA TA KOMIMTHOTEPHO-IHTErPOBAHI TEXHONOr [ EREFERER

Such automatic control elastic movements improve
the process of machining parts gyroscopic devices by
increasing productivity and precision machining parts,
and create favorable conditions for multiple services.

Machining accuracy and ensure conduct of operations
required for the design accuracy of calculations, based on
their appointment to the cutting and the use of adaptive
control systems. On CNC precision manufacturing form
increased by adjusting the tool path.

So are actual work related to the research
and development of technological methods to stabilize
and control the size of the geometrical shape of cylindrical
parts. After the analysis, design and technological
features nonrigid shaft established causes and quantitative
relationships deviation of the shape of parts. The
regularities of the bending deformations nonrigid
workpiece identified. The necessity and theoretically
justified technological ways to control strain state
(the position or shape of the elastic axis) of a non-
rigid shaft directly in the cutting process. The models
of'the state and the r egularities of control with the flexural
deformation of geometric errors in the cutting process is
developed. The basis of control is necessary condition for
the deflection at the point of application of the cutting
force. Theoretically, under this condition provides
compensation bending deformations and minimum
deviation from cylindrical form. A mathematical model
that predicts the maximum deviation of the shape
of flex shaft, depending on their size, rigidity, and taken
the cutting, which allows for the required accuracy
of shafts directly during processing machining centers

High accuracy of treatment, obtains due to
the complex trajectory of cutting tools, updating the error.
For this purpose, turning center was equipped with
a vibro-acoustic system, which defines the tool touches
the workpiece up to 0.6 microns. Therefore there is
aneed to create a mathematical model so that a minimum
amount of the tool touches the workpiece to get his
trajectory correction, compensating for the existing error

THEORETICAL MODEL

Assuming that the thermal state of TPS (technological
processing system) is stable during operation, the value
8,, can be defined as:

8 ,(x) =38, (x)+38,(x)+3,(x), €))

where 3 (x),3, (x),8, (x) —that’s components of §,, (x)
, resulting from the elastic deformation of the carrier
assembly rotary tool magazine, host the chuck-spindle
headstock, also in parts, respectively, under the action
of the radial component of the cutting force F,.

8r(x) = CrFy > (2)

w

where C,— it is elastic deformation node carrier rotary tool
magazine in the direction Fy, observed with the cutting
edge of the tool (fig. 1).

CNC

A Accelerometer

Fig. 1. Experimental Installation

Method of estimation of & (x) can be obtained
through the use of the concept of “center of rotation”,
described and evaluated in [1]. According to this concept,
there is a center of rotation is located at a distance
LO behind the chuck and the elastic deformation
of the chuck assembly-spindle-headstock can be roughly
estimated as the rotational elastic deformation of C, with
the center of rotation. So

8,(Ly +x)0 = (L, + X) {F,(L, + ) C,.} = Cy(Ly + X F, , (3)

where x — the distance between the current position
ofthe tool and the front surface of the chuck to the spindle
axis direction §, (x).

The system control precision machining device includes
control of the cutting process the essence of which consists
in separating the frequency band most intense vibroacoustic
signal carrying out its logarithm, allocate certain bandwidth
into a number of disjoint frequency bands. It uses bands
and antiresonance, matching the natural frequency acoustical
transducers, straighten signals and divide them into two
streams and is compared with the set. Then memorize
the instantaneous state of the first stream during certain
specified time periods defined frequency bands and to
simultaneously exceeding preset values determine the start
of the cutting process, and the simultaneous fall signals
the second group, below the threshold value is determined by
the noise machine. Determine the termination of the cutting
process, thus controlling the instantaneous signal status
of the second group for a period of time determined by
the transients at the beginning and end of the cutting process,
and in the absence of simultancous signals exceeding
the second group of determining the authenticity of the start
and end of the cutting process.

Cutting area is an active source of mechanical
perturbations which are an integral part of the cutting
process. The greatest intensity response of signal
observed in the frequency range of 1-20 kHz and this
reaction, measured by piezoelectric accelerometers that
are fixed in the vicinity of the cutting area and which can
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Fig. 2. Control device of the cutting process

be used to determine tool wear and defining moments
of the beginning and ending cutting process, previously
holding the identification process and establishing its
relationship with parameters of the cutting process. This
eliminates the need for additional vibration exciter.

Since the dynamic range of the signal changes can be
40-60 dB, due to the great inconvenience by logarithmic ampli-
fier exercising its logarithm in the frequency range of greatest
signal strength. This allows you to compress the dynamic range
and improve the performance of threshold devices.

Breaking into disjoint frequency band based on
the identification process, the parameters of the TPS
and parameters of input. The reaction system can be
represented as regulation comb filter with mechanical
amplificationzonesandareasofsignaldelayisantiresonance
zones. If you combine one of the antiresonance areas
with natural frequency piezoelectric transducer obtain
the most sensitive part of the measured response with
high statistical homogeneity and performance in a wide
variation of parameters of the cutting process. The set
of reactions in several frequency bands is the objective
function is identified that can reliably control the start
and end points of the cutting process.

Performance determines the moment of touching this
method depends on the probability of simultaneous arrival
of pulses at the threshold device. To increase performance
is delayed or short-term (within ten microseconds) after
storing threshold signals the first group.

The delay time is defined as the result parameter
lowpass filter band.

EXPERIMENTAL SYSTEM

Piezoelectric transducer signals from the one
specified in the cutting zone, enhanced logarithmic
amplifier 2 and come to the block parallel band pass
filters 3 and then straighten fullwave scheme 4, then
the signals are divided into two streams and the first
stream enters the threshold device first group of 5 and then
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Fig. 3. Distribution of machining errors along the shaft
type components in the application of the control system:
a) first pass, b) second pass, c) third pass

the block of time delays 6, with a delay not kept on all
channels. This is necessary to the impulses coming from
the rectifier can be eliminated in phase and threshold
devices can operate simultaneously. Introduction delay
or short memory post threshold states improves device
performance many times (fig. 2).
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With the simultaneous flow of impulses from the line time
delays triggered scheme matches 7 and activates the trigger
touch 8, which can be turned off in the case when the value
of the output signal amplifier 2 are below the threshold level
of the second group, in this case triggered scheme matches
11 and 12 turns on the device that generates a single pulse
simultaneously to trigger off touch switch for 8 and logical
unit 9, which makes checking failure device 12 within
the time determined by the transition process. This is done to
protect the device from touching the false positives caused
by strikes, work arrangements and the like.

With the selection of frequency and bandwidth can be
completely separated from the noise and false positives.
It can be used as a reaction “system tools” and reaction
“system of product”.

The system can be implemented based on microelec-
tronic technology as well as the sensing element can be used
piezoelectric accelerometers or acoustic sensors that are sensi-
tive receivers mechanical adverse effects that can be attached
to the tool holders, calipers, spindles or desktop machine.

The results of processing without correcting
the system and the application are shown in Fig. 3.

CONCLUSIONS

As a result, it was determined that the touch process
is the main formative factor that has a direct impact on
the quality of the final product, and its control is an important
factor in maintaining high quality technology. As a result
of the analysis, a touch registration system was created,

which allows to determine the requirements for the principles
of construction of sensor systems, their necessary technical
characteristics and aspects of application.

The modern touch system must have high speed.
It is determined that the most effective touch systems
for control of the machining process should have
the following information outputs to CNC process
equipment: touch quality; contact; distance; readiness,
which improves the quality of precision technological
processes of machining. Experimental studies have been
conducted, which have confirmed that the implementation
of research results in production makes it possible to reduce
the complexity of machining parts from 15% to 25%.

Based the theoretical and experimental studies
developed engineering recommendations for the design
of technological processes on CNC machines, which
will increase the accuracy of processing many times
(depending on conditions) by reducing the errors
of maximum contour processing caused by non-rigidity
of the technological system.

Thus, the developed system enables the processing
of parts to change the cutting conditions, to process
results in the automatic mode for machining parts in
multifunction equipment.

Developed a mathematical model to predict
the maximum deviation of the shape nonrigid shaft,
depending on their size, rigidity, and accepted the cutting
as well as provide the required accuracy shafts directly
during processing to processing centers.

(1]
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