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Annotation. In modern mechanical engineering, the automation of technological processes
is one of the main development trends. The creation of new machines for industrial sectors is
directly related to the transition to a system of comprehensive mechanization and automation of
technological processes, using automatic machine systems based on the latest achievements of
modern science and technology. This article evaluates the effectiveness of the fleet of robotic
technological complexes used in modern mechanical engineering production. The variety of modern
robotic technological complexes used in mechanical engineering has been analyzed. It has been
established that the use of transport robots designed to automate transport operations is a significant
innovation in the operation of robotic technological complexes. It has been determined that in
modern machine-building production, robotic technological complexes are fundamentally new
technological means that allow for the completion of comprehensive automation of production. In
the system of comprehensive automation of production, they provide rational technological
capabilities for flexible reconfiguration to various technologies and manufactured machine-building
products. The article focuses on the fact that the operation of modern robotic technological
complexes is characterized by the absence of conveyors, which significantly simplifies the design
and increases its reliability. The improvement and modernization of robots in mechanical
engineering are aimed at enhancing their technical characteristics and increasing their efficiency.

Keywords: mechanical engineering, automation, robotics, robotics complex, industrial
robots, manipulator.

Introduction

In modern production conditions, automation of technological processes in mechanical
engineering is one of the main trends in its development. The main requirements for the automation
of machine-building production are to increase technological and technical levels at all stages of the
production and technological process. In modern conditions of machine-building production, the
creation of new machines for industries is carried out in the context of the transition to integrated
mechanization and automation of technological processes, using automatic machine systems based
on the latest achievements of modern science and technology, in particular electronics. Modern
robotic technological complexes (RTC) used in mechanical engineering provide automation of
individual technological operations or their combination. The functioning of industrial robots (IR)
and RTC is provided by technological automatic equipment, industrial robots and auxiliary devices
provided as part of the RTC. According to the functional purpose of industrial robots, there are
complexes in which robots perform a number of auxiliary functions for servicing the fleet of basic
technological equipment (for example, the functions of industrial robots for automating the loading
and unloading of technological equipment by a batch of pieces). Along with this, there are
complexes with independent execution of technological operations using portable tools.

Materials and methods.

The stages of RTC construction also depend on the types of automated technological
processes, on the characteristics of their organizations, and on the characteristics of the classes of
industrial robots used [1-3]. The main equipment of the RTK is the following technological
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machines: a fleet of automatic machines, automatic presses, a fleet of foundry machines, plastic
recycling machines, etc. Modern industrial robots provide automated loading and unloading
operations for technological machines and perform a number of additional maintenance operations
(processes of blowing base surfaces, changing tools, mold lubrication processes, etc.).

Auxiliary equipment in the RTC includes complexes of automated storage devices for
storing stocks of processing facilities, a set of devices for the initial orientations of processing
facilities, a set of devices for piece-by-piece delivery, clock tables and other auxiliary equipment.

During the operation of the RTC, the need for auxiliary equipment is determined by a
number of limited capabilities of industrial robots and basic technological equipment. Thus, the
main idea of using RTC includes the effective use of industrial robots in combination with certain
technological equipment designed to perform one or more specific technological operations. The
modern fleet of industrial robots is capable of performing some specific technological operations
(painting, welding, assembly, etc.). At the same time, industrial robots perform the functions of
basic technological equipment. During these operations, simultaneous and coordinated functioning
of several interacting industrial robots is acceptable, which complement each other when
performing certain technological operations. The robotics complex shown in Figure 1 includes two
production modules and a linear type transport storage device.

6
Figure 1 - Industrial robotic complex consisting of two production modules and one linear
type transport storage: 1 — tool shop; 2 — PS (processing center); 3 — pallets; 4 — push—pull table; 5 —
mobile transport platform; 6 — stationary storage; 7 - suspended transport robot

The interconnection of the stationary transport storage unit with the production module is
carried out by means of a mobile transport platform. Using a push-pull table, the workpieces are
reloaded from the stands to the machine. The processes of loading blanks into storage units are
possible through the implementation of robots, robocars, with minimal piece processing time,
simultaneously changing blanks on several stands. The technological processes of feeding tools
from transport storage devices are performed independently and in an independent operating mode
[4-6].

Research results

A feature of the operation of machine tools of modern robotic technological complexes is
the absence of conveyors, which significantly simplifies the design, increases the reliability of the
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RTC and provides the possibility of freely embedding any industrial modules into the production
system of the machine-building industry.

The fleet of modern robotic technological complexes used in mechanical engineering is
diverse and its features are determined by many conditions. In automotive engineering, industrial
robots have been widely used to automate the processes of applying protective coatings to products
using paint sprayers, during assembly of components and finished products, during maintenance of
foundry, forging and electroplating technological machines.

A significant innovation in the operation of RTC is the use of transport robots designed to
automate transport operations. In modern robotics and mechanical engineering, the processes of
improving and modernizing robots take place in the areas of improving their technical
characteristics and increasing efficiency. The functions of industrial robots include the use of
information sensing systems that allow additional operations to be performed by providing an
image of the production scene, analyzing, processing using microprocessors, and transmitting
measurement results to a control device.

An analysis of the scientific and technical literature has shown that the most promising areas
for the introduction of sensitive industrial robots of the 3rd generation in the machine-building
industry to solve the problem and refine the algorithm for its implementation are: mechanical
assembly, electric arc and gas welding, oxygen cutting, abrasive stripping and grinding, spray
painting, installation and removal of parts from the conveyor, disassembly bulk parts and sorting of
products using manipulators equipped with measuring equipment. The manipulator of an adaptive
robot is most often a complex multi-link mechanism with anthropomorphic kinematics. For
example, one of the most widely used industrial robots at present, Rita, from the company
Unimation (USA), includes a 6- or 5-power anthropomorphic manipulator equipped with
electromechanical servos. Each degree of mobility is controlled by a DC motor, equipped with
feedback potentiometers and code sensors. The manipulator, which is part of the RS1 assembly
robot from IBM (USA), is also a 6-power robot. It is equipped with hydraulic drives, has a load
capacity of 1.3 kg, and the gripper movement speed is 1 m/s. [7-9]

In machine-building production, the machine-tool equipment of modern RTCs provides a
high level of concentration and processes for combining technological processing transitions based
on the use of CNC machines that meet these requirements and have fully automated work cycles,
including operations for switching speeds and feeding cutting modes, operations for automated
product fixation and automatic change of metal-cutting tools. Control automation processes in the
processing process provide technological capabilities for performing automated functions of
supplying lubricating and cooling fluids (coolants) to the cutting area

Increasing the reliability of the RTC requires providing a reliable automation system for
crushing and chip removal operations. The movement of machine components: pinoles, tailstock,
fences related to the operation of industrial robots are equipped with sensors to fix their final
positions. The machines of the RTC turning group provide quick stops of the spindles after
processing, Automated preloading of workpieces to the bases of devices is used when using RTK
cartridge machines. SHL (Germany) manufactures multifunctional robotic machine-building
complexes for deburring, milling, brushing, grinding and polishing booths, production and loading
lines, etc. Fully automated processes are more accurate, faster and much more economical. All the
equipment is designed and assembled from proven components, modern electronics and software.
In addition, several processes can be interconnected to achieve a greater degree of automation.

Automation of the RTC drilling and milling machine tools provides for the loading and
unloading of parts by robocars at certain positions of the work tables, eliminating the possibility of
contact edges of gripping devices or workpieces with cutting edges of tools. To perform automatic
stop operations with loose or incorrectly fixed workpieces in the process equipment, the use of
locking devices is provided in the RTC machine tool equipment. The machine tool equipment of
modern RTC, taking into account the fact that in conditions of small-scale and mass production,
with multi-stage processing of large parts with long piece service time, it is recommended to use
suspended robots, provides for the use of floor robots for efficient processing of relatively small
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parts with short processing time, which do not complicate machine maintenance. To solve these
problems, the use of floor robots involves a complex of universal robots installed permanently or on
movable rail trolleys moving along machine equipment, a complex of suspended transport robots
moving on monorails and specialized robots as part of automatic electroplating lines.

Discussion

The layout of the control panel is its most important characteristic, it is made according to
the criteria of compactness, service time from the conditions for ensuring a given technological
process of processing the product and characterizes the following features: the type of coordinate
system of the main movements and its orientation; the number of degrees of mobility and
movements; the number of gripping devices. Along with this, the characteristics of the IR are the
nominal load capacity, structural kinematic schemes, type of control, geometric, speed and accuracy
characteristics.
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Figure 2 - Diagram of a single-stand RTC layout with a floor covering: 1 — machine tool, 2
— floor robot, 3 — storage of blanks and finished parts, 4 — tool shop, 5 — RTC control system.

In mechanical processing, suspended, floor-mounted and built-in types are used.

The following RTC layout solutions are most widely used:

- single—stand - from a single machine operated by a control unit located above the machine
(suspended control unit), next to the machine (floor-mounted control unit) indicated in Figure 2 or
integrated into the machine;

-multi-point circular layout with the use of floor coverings;

- multi-point linear and linearly parallel based on portal systems.

Conclusions. The main sources of economic efficiency of RTC machine tools are:

- increasing the productivity of equipment, i.e. the volume of output from the main
technological equipment serviced by the robot, or increasing labor productivity in operations
performed by an industrial robot;

- increased labor productivity as a result of the replacement of manual labor in auxiliary,
transportation and basic technological operations;

- increasing the rhythm of production;

- increasing the equipment shift ratio without increasing the number of workers;

- reduction of losses related to the subjective characteristics of a person (constant working
hours during a shift);

- reducing the percentage of defects and increasing the stability of product quality;

- reducing the size of working capital in work-in-progress.
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Anparna. Kaszipri mammHa jkacayJa TEXHOJIOTHSUIBIK IIPOLIECTEPAl ABTOMATTAHIBIPY
JaMyJIbIH HETI13T1 TeHACHIMUIAPBIHBIH Oipl OOJIBINT TaObUIaAbl. OHEPKACIN cajajapbl YIIIH >KaHa
MallliHaJIap ’kacay Kasipri 3aMaHfbl FbUIBIM MEH TEXHUKAHBIH COHFBI JKETICTIKTEpiHE HETi3/eNTreH
MalllMHAJIAPJIBIH  aBTOMATTHI O KYHeNepiH TMaijanaHa OTBIPBIN, TEXHOJOTHSUIBIK IPOIECTePIi
KELIeHII MeXaHUKAJIaHAbIPY JKOHE aBTOMATTaHABIPY JKyHeciHe Kelllyre Tikeiel OailaHbICTHI iCKe
acelpbUIabl. Makanazna Kasipri 3aMaHFbl MalllMHA jkKacay OHAIPICIHAE KOJAAHBUIATBIH POOOTTHI
TEXHOJOTUSUTBIK ~ KemeHaepaiH CTaHOK >KaOABIKTapbhIHBIH TMapKiHIH THIMIUIT OaranaHajbl.
MamuHa »acayna KOJJAHBUIATHIH 3aMaHayd pPOOOTTAaHABIPBUIFAH TEXHOJOTHSUIBIK KEUICHIEP
MapKiHIH OPTYPIALIIr Tajaaanasl. POOOTTaHIBIPBUIFaH TEXHOIOTHSIIBIK KEIISHAEP/ Il MaiaanaHy /1arsl
MaHBI3/Ibl KaHa 6CIM KeJIK ONepalusiapblH aBTOMATTaHJIbIpyFa apHaJFaH KeJlK poOOTTapbiH
naiinanany Oojbll TaObUIATBIHBI aHBIKTANbl. Kaszipri 3aMaHfbl MallMHa jkacay OHIIpICiHAe
POOOTTaHIBIPBIIFAH TEXHOJOTHSUIBIK KELIeHJIep OHIIPICTI KELIeHII aBTOMATTaHAbIpYy/Ibl asKTayFa
MYMKIHJIK OepeTiH TyOereiyii »aHa TEXHOJOTHSUIBIK Kypannap Oousbin TaObuiafbl. OHAIPICTI
KEIIeHI aBTOMATTAHJBIPY >XXYHECiHIE oJlap OPTYpJi TEXHOJOTHsUIap MEH OHJIPUIreH MalluHa
’Kacay eHIMJepiHe UKEeM/Il KalTa KYPY/JbIH TEXHOJIOTUSUIBIK MYMKIHIIKTEpPIH YTHIMJIbI KAMTaMachl3
ereni. Makanaga 3amMaHayd pOOOTTaHIABIPBUIFAH TEXHOJOTHSUIBIK KEIIEHAEPIiH CTAaHOKTBIK
XaOJpIKTapbIH TNaiaanaHy KoHBeHepiepiH OosMaysl OoJibIl TaObLIaabl, Oy AU3alHABI €19yip
KEHUIeTyre, ONapJblH CEHIMAUIINIH apTThIpyFa MYMKIHIAIK Oepeni. MamumHa >kacayaarsl
poOoTTapABl  JKETUIAIPY JKOHE  MOJIEpHU3AIMsIay  MPOILecTepl  ONApAbIH — TEXHHKAJBIK
CHUITaTTaMaJapblH )KaKCapTy JKOHE TUIMIUIITIH apTThIPY OaFbITTapbIHAA KYPEI.
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Tyiiin ce3aep: MammHa kacay, aBTOMAaTTaHIBIPY, pOOOTTAHIBIPY, POOOTOTEXHUKA KEIIeH],
OHEPKACINTIK POOOTTap, MAHUITYJIATOP.

AHAJIN3 ITAPKA COBPEMEHHBIX POBOTHU3UPOBAHHbIX
TEXHOJIOI'MYECKUX KOMIIVIEKCOB B MAIIMHOCTPOEHUH
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AHHoOTauMsi. B COBpeMEHHOM MAIIMHOCTPOCHWH aBTOMATHU3ALMsl TEXHOJIOIMYECKHX
IMpoHECCCOB  ABJIACTCA OI[HOﬁ U3 OCHOBHBIX TGHI[GHLII/Iﬁ Pa3sBUTHA. CO3IIaHI/IC HOBBIX MalllMH OJId
oTpacieid NPOMBIIUICHHOCTH PEalu3yeTcsi HENOCPEICTBEHHO B CBA3M C IEPEXOJIOM K CHUCTEME
KOMIIIEKCHOM MCXaHU3alUW U aBTOMAaTHU3alUN TCXHOJOIMYCCKUX MNPOHCCCOB, C HCIIOJIb30BAHUCM
ABTOMAaTHYCCKHUX CHUCTEM MallluH 6a3p1py}0muxcs[ Ha IIOCIICAHUX OOCTHKCHUAX COBpGMCHHOfI
HAyKM U TEXHUKH. B cTatbe BbINOJIHEHA OLleHKa 3(PPEKTUBHOCTH NTapKa CTAHOYHOTO 000pYI0BAHUS
pO6OTI/ISI/IpOBaHHI>IX TEXHOJIOI'MYCCKUX KOMIIJIEKCOB HCIIOJIb3YCMbIX B COBPCMCHHOM
MAaIlIMHOCTPOUTEIBLHOM MPOU3BOJACTBE. [IpoaHanu3npoBaHO pa3HOOOpa3ue Iapka COBPEMEHHBIX
pO6OTI/ISI/IpOBaHHI>IX TCXHOJIOI'M4YE€CKHUX  KOMIIJICKCOB, MMPUMCHACMBIX B MAallIMHOCTPOCHUMU.
VY CTaHOBIIEHO, 4YTO CYILECTBEHHBIM HOBOOOpa30BaHHWEM B 3KCIUIyaTallud pPOOOTH3UPOBAHHBIX
TEXHOJIOIT'MYCCKUX KOMIIJIEKCOB SABJISIECTCA HUCIIOJIBb30BaHHUEC TPAHCIIOPTHBIX pO6OTOB,
IIPEIHA3HAYEHHBIX JIJI1 aBTOMATU3allMY TPAHCIIOPTHBIX onepanuil. OnpeneneHo, 4T0 COBPEMEHHOM
MAalIMHOCTPOUTCIIBHOM IIPONU3BOJACTBE p06OTI/I3I/IpOBaHHI)I€ TCXHOJIOI'MYCCKUEC KOMIIJICKCBI
SBJISIIOTCS] IPUHLUIUAIBHO HOBBIMHM TEXHOJIOTUYECKUMHU CPEJICTBAMH, MO3BOJISIOIIMM 3aBEPLIMTH
KOMIUIEKCHYIO aBTOMAaTH3alMI0 IPOU3BOJACTBA. B cucrteme KOMIUIEKCHON aBTOMaTH3alluu
IIPOM3BOJICTBA OHHU PALMOHAIBHO OOECIEYMBAIOT TEXHOJIOTHYECKHE BO3MOXKHOCTH THOKOU
NEpCHATAAK Ha Pa3JIMYHBIC TCXHOJOIMHU W U3TOTOBJIACMBIC U3CIINA MAIIUHOCTPOCHUA. B cratne
ClleJIaH aKLEHT Ha 0COOEHHOCTh TOT0, YTO 3KCILTyaTallud CTAHOUYHOTO 000pY/I0BaHUSI COBPEMEHHBIX
pO6OTI/ISI/IpOBaHHI>IX TEXHOJIOTHYCCKUX KOMIIJICKCOB ABJIACTCA OTCYTCTBUC KOHBeﬁepOB, qTo
CYLIECTBEHHO II03BOJISIET YNPOCTUTh KOHCTPYKLMIO, YBEIWYHUTh MX HAAEKHOCTb. IIpomeccsl
COBCPUICHCTBOBAHUA U MOACPHHU3 AN pO6OTOB B MAalIMHOCTPOCHHHU IMPOUCXOAAT B HAITPABIICHUAX
YIYUIIEHUS UX TEXHUYECKUX XapaKTePUCTUKU U MOBBILICHUS Y3PPEKTUBHOCTH.

KuroueBble ciioBa: MalIMHOCTPOEHUE, aBTOMATH3aIHs, POOOTH3aLNs, pOOOTOTEXHUUECKUN
KOMIIJIEKC, POMBIIIUIEHHBIE pOOOTHI, MAHUITYJIATOP.
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