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ADVANTAGES OF USING HYDRAULIC EQUIPMENT OF MODULAR MOUNTING IN THE
MODERNIZATION OF MACHINE HYDROSYSTEMS

With each passing year, automation schemes that use hydraulics are becoming more and more complex. With the large number of hydraulic devices in
the scheme, replacing threaded connections with other methods of mounting becomes very important. The analysis of building and mounting of
hydraulic drives and hydraulic units on the example of metal-cutting machines, namely: round saw and turret lathe. The analysis shows that the
optimal variant of pipeless mounting of hydraulic drives is mounting with the use of modular and butt hydraulic equipment. The main advantages of
modular mounting are: reducing the number of pipelines and their connections; increasing drive rigidity, reducing noise; compactness, small size and
weight; reducing labor costs and time for design and manufacture of the drive; convenience of operation, the ability to quickly reconfigure the drive,
replace the failed unit without disassembly of the hydraulic drive; unification of mounting plates and hydraulic panels; increasing their seriality. In
addition, with this type of mounting, there is always a constant distance between the individual devices and regulating bodies of different apparatuses
that make up a typical element of a hydraulic system (its structural contour). This makes it possible to determine in advance the characteristics,
properties and "behavior" not of individual hydraulic apparatuses included in the hydraulic system of the machine drive, but of groups of apparatuses
that make up typical modular units. We have an opportunity to judge the characteristics of the hydraulic drive of the machine as a whole already at the
stage of its design by predetermined characteristics of typical elements (modular units) included in the hydraulic system of the machine, which will
significantly reduce the time for designing, debugging and launching the drive in production. The group of metalworking equipment, in which the
hydraulic drive on the basis of modular and butt hydraulic equipment is easily performed, includes: turning group machines; drilling and boring
machines; grinding group machines; broaching machines; cutting machines, milling machines and other special machines. Justified selection of the
nomenclature of normalized hydrostations, modular and butt hydraulic apparatuses and other unified elements can solve the problem of creating up to
70-75 % of the manufactured hydraulic drives completely based on unified units.
Keywords: hydraulic drive, machine hydrosystems, modular mounting, butt mounting, structural contour, hydraulic panel, modular unit.
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INEPEBAI'M BUKOPUCTAHHAA I'IIPOATIAPATYPU MOAYJIbHOI'O MOHTAKY IIPH
MOJEPHI3AIIII BEPCTATHUX I'TIPOCUCTEM

3 KOXKHUM POKOM CXEMH aBTOMAaTH3alil, 10 peayi3yloThCs, i3 3aCTOCYBaHHSM TiApaBIiKH, CTAIOTh BCce CKIaaHimie i crimagdime. Ilpu Benmukii
KITBKOCTI TifpaBIIiYHMX amapariB y cxXeMi 3aMiHa pi3bOOBUX 3'€IHAHb HA iHINI CIIOCOOM MOHTaXy CTa€ IyXe akTyanbHOIo. [IpoBeneHo anami3
noOyI0BH 1 MOHT)XY TipaBIIYHUX MPUBOIIB 1 rigpoarperariB Ha NMPUKJIAAl METAJIOPi3albHUX BEPCTATiB, a caMe: KPYIJIOMHJILHOTO Ta TOKapHO-
PEBOIBBEPHOTO. AHANI3 MOKa3ye, MI0 ONTHMAaIbHHM BapiaHTOM 0e3TpyOHOTO MOHTaXy TiIpONPHBOJIB € MOHT@X 3 BHKOPHCTaHHSIM MOMYIBHOI i
CTUKOBOI rigpoanaparypy. OCHOBHHMH TepeBaraMi MOIYJIBHOTO MOHTaXY €: CKOPOYEHHsI KiNBKOCTI TPyOONpOBOIIB 1 iX 3'€[HAHB; MiABHIICHHSI
JKOPCTKOCTI IIPUBOJLY, 3HIDKCHHS IIIyMy; KOMIIAKTHICTb, MaJli rabapuTH i Maca; 3HI)KCHHS BUTpAT IIpalli i 9acy Ha po3poOKy i BUTOTOBIICHHS IIPUBOLY;
3PYYHICTh CKCILTyaTallii, MOKIIMBICTb IIBUJKOIO MEPEKOMIIOHYBAHHS PUBOJLY, 3aMiHH BHIILIIOBILIOIO 3 JIafy anapary 0e3 po3OupaHHs riIporpHuBoOLY;
yHi(iKaIlis MOHTaXHHX IUIUT i TigpomaHenei, 30inbpmreHHs X cepiiiHocTi. KpiM Toro, mpu 3a3HaueHOMY BHJII MOHTaXKy 3aBXIH JOTPHUMYETHCS
CTAJICTh BIJCTaHI MDK OKPEMHUMHM alapaTaMy 1 perysrolo4YMMH OpraHaMH pPi3HHX anaparis, sKi BXOJSATh B MOAYJIbHUI OJIOK 1 CKIAaIalOTh TUIIOBHH
eneMeHT TifpocucteMu (i cTpykTypHUil KOHTYp). Lle 1ae MOKIIMBICTB 3a3falierifb BU3HAYUTH XapaKTEPHCTUKH, BIACTHBOCTI 1 «IIOBEJIHKY» BXkKe HE
OKpEMUX TiJJpoanaparis, 110 BXOAATH B I'JIPOCUCTEMY NMPUBOJY MAIIWHHU, a IPYH araparis, [0 CTAHOBJIATh THIIOBI MOAYJIbHI OJOKH. € MOXJIMBICTD 32
3a3fayierijb BU3HAUCHHMH XapaKTePHCTUKAMH THIIOBHX EJIEMEHTIB (MORYIBHHX OJOKIB), INO BXOJATh B TiIPOCHCTEMY MAIIMHH, CYIUTH IIPO
XapaKTEPHCTHKU TiAPONPHUBOLY MAIIMHU B IIIOMY B)KE Ha CTajii HOro MPOEKTYBaHHS, IIO JO3BOJIIE 3HAYHO CKOPOTHTH 4ac Ha MPOCKTYBaHHS,
HaJIarOJDKEHH 1 3aIlyCK IPUBOAY B BUPOOHUNTBO. JI0 rpynH MeTanooOpoOHOro 00Ia HaHHS, B SIKilf JIETKO BUKOHY€ETHCS TiIpaBIIivHMIl IpHUBix Ha 0a3i
MOJYJIbHOI 1 CTHKOBOI Iijpoanaparypu BiJHOCSTHCS: BEPCTaTH TOKAPHOI IPYIH; BEPCTATH CBEPIJIMIbHI i pO3TOYyBajbHI; BepcTaTu HUTi(yBanbHOT
TpyIH; NPOTSDKHI BepCTaTH; BEpCTaTH Bifpi3HI, ¢pesepHi Ta iHm crenianbHi BepcratH. OOrpyHTOBaHHMN BHOIp HOMCHKJIATYpH HOPMalli30BaHHX
riIpocTaHIii, MOAYJILHOT Ta CTUKOBOI TiipoanapatypH i iHIIKX yHi()iKOBaHHX €JIEMEHTIB MOXE BHUPILIMTH 3a/lauy CTBOPEHHs Ha 0a3i yHi(ikoBaHUX
By3iB 210 70-75 % BHIYIEHHUX TiAPONPUBOLIB.

KuouoBi cjioBa: TizponpuBoj, BEpCTAaTHI TiPOCHCTEMH, MOJYJIBHHHA MOHTQXX, CTHKOBHHA MOHTQX, CTPYKTYPHUH KOHTYp, TiIpONaHelb,
MO/IYJIbHHH OJIOK.

Introduction. At present, a considerable part of
hydraulic equipment is produced with butt connections,
mostly with unified international connection dimensions.
Unification of connection and mounting holes of joint
planes provides unhindered replacement of devices,
simplifies the conditions of operation and repair of
equipment, as well as creates a wide range of
opportunities for export. Significant experience has been
accumulated in its application and operation [1-5]. The
use of butt equipment has the following disadvantages: the
hydropanel body on which the equipment is mounted is
complicated; metal consumption is increased,; it is difficult
to detect and eliminate the error made during the design or
manufacture of the panel body; the unsuitability of the
panel bodies for use in upgrading the cycle of the
hydroficated machine; the impossibility of unifying the
panel bodies.

The result of further development of hydraulic
equipment of butt design is modular equipment [6, 7].

Hydraulic devices of modular design regardless of their
functional purpose have two joint planes with the same
coordinates of connection holes (mounting holes and
channels of flow inlet, drain and outlet to the executive
hydromechanism). Therefore, it is possible to assemble
individual parts and elements of hydraulic schemes from
the devices of modular design by installing the devices
one on one in the form of a package, the closing elements
of which are directional valves or blanking plates. By
connecting the packages installed on the mounting plates
with each other, we get a hydropanel [2, 8-10].

Hydraulic equipment of modular design not only has
all the advantages of conventional hydraulic equipment of
butt design, but also allows you to make the hydraulic
drive light, compact, easy to install and operate without
connecting pipes.

It should be noted, that for hydraulic systems with
high and ultrahigh pressure and high flow rates of working
fluid, another direction in the construction of hydraulic
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drives with pipeless mounting method is the creation of
valve hydraulic equipment built into the holes, which is
based on a check valve operated hydraulically or
electrohydraulically [11].

Analysis of the state of the issue. It is known, that
the basis of hydraulic equipment of modern metal-cutting
machines, presses and other machines are hydraulic
systems of reciprocating motion (or rotational), which in
practice there are a large number of design variants.

However, despite the great variety of hydraulic
systems, their basic and design solutions have much in
common [2, 12]. This applies first and foremost to the
hydraulic systems of machine tools for specific
applications. For example, the hydraulic systems of
internal grinding machines operating on a semi-automatic
cycle have much in common in design. Also similar are
the hydraulic systems of external cylindrical grinding
machines, aggregate machines, semi-automatic lathes,
discrete and program-controlled machines.

Thus, careful study, analysis and classification of
hydraulic drives of machine tools, presses and other
hydroficated machines allow to identify and group
individual typical elements of schemes (structural
contours), common to drives of various machines
regardless of their intended purpose. This is the basis for
creating individual unified functional blocks that
implement typical structural contours of hydraulic
systems, based on hydraulic equipment of modular and
butt design, determining their needs for the industry and
establishing serial production of modular blocks and
unified panels based on them, which in turn allows you to
perform hydraulic machinery drive by aggregation
method [6].

Fig. 1 shows an example of a typical hydraulic
system structure for controlling the duty cycle of a
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machine's hydraulic actuator (direction and speed in both
directions, locking at the end of the cylinder stroke) [2].
The modular unit for controlling the movement and speed
of a hydraulic cylinder is shown as an example of Rexroth
hydraulic units [13].

As the analysis shows, hydraulic panels of some
groups of machines are easily performed completely on
modular hydraulic equipment (hydraulic panels of gear-
working machines, milling machines, slotting machines,
some lathe semiautomatic machines). In this case, units of
modular equipment are installed on single or multi-seat
mounting plates (depending on the complexity of the
hydraulic system).

Fig. 2-4 show examples of typical hydraulic
schemes structure contours, the implementation of which
is conveniently carried out with the help of modular
hydraulic equipment. [6, 13, 14].

The same contours can also be made on the basis of
butt equipment, but then the number of mounting plates
will be determined by the number of apparatuses included
in the structural contour of the hydromechanism of the
machine.

To build a hydraulic scheme of a machine drive
using modular elements it is necessary to have a certain
practical skill. It is recommended to first bring the already
existing conventional hydraulic scheme of the drive to a
form suitable for modular mounting.

Main part. As an example, consider the hydraulic
drive scheme of a round saw machine (Fig.5). The
machine hydraulic drive consists of hydraulic tank 1, two
executive hydraulic cylinders 6 and 7, fed from one pump
2, control and regulating 3, 5, 9 and distributing 4, 8
hydraulic equipment. The speeds of the executing
hydraulic cylinder 6 are regulated by the flow control
valves 5 as it moves in both directions.

Fig. 1. Functional modular unit to control movement and speed of hydraulic cylinder:
0.1 — pump; 1.0 — hydraulic cylinder; 1.1 — mounting plate; 1.2 — directional valve; 1.3 — twin throttle check valve; 1.4 — check valve,
pilot operated; 1.5 — pressure relief valve
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Fig. 2. Modular unit for hydraulic cylinder movement control:
0.1 — pump; 1.0 — hydraulic cylinder; 1.1 — mounting plate; 1.2 — directional valve; 1.3 — pressure relief valve
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Fig. 3. Modular unit to control movement and speed (the same in both directions) of the hydraulic cylinder:
0.1 — pump; 1.0 — hydraulic cylinder; 1.1 — mounting plate; 1.2 — directional valve; 1.3 — mounting plate; 1.3.1 — flow control valve;
1.4 — pressure relief valve

Hydraulic cylinder 7 uses working fluid at a pressure
lower than the pressure in the main line supplying
hydraulic cylinder 6, which is ensured by the installation
of the pressure reducing valve 9. Analyzing the hydraulic
scheme, we distinguish two structural contours that
implement the work cycle of the executing hydraulic
cylinders of the machine.

The first structural contour implements the operating
cycle of the executive hydraulic cylinder 6 and includes
the pressure relief valve 3, directional valve 4, flow
control valves 5.

The second contour controls the movement of the

hydraulic cylinder 7 and includes the pressure reducing
valve 9 and directional valve 8. The hydropanel is easy to
execute using a two-seat mounting plate and hydraulic
equipment in a modular design (Fig. 5).

The hydraulic scheme of the machine drive using a
two-seat mounting plate and hardware in the modular
design is shown in Fig. 6.

An example of a hydraulic drive based on modular
elements is also the drive of a turret lathe.

Fig. 7 shows the available typical hydraulic scheme
of the machine, it is built with the use of hydraulic devices
of pipe and butt design.
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Fig. 4. Modular block for control of hydraulic cylinder of loader, elevator and other mechanisms:
0.1 — pump; 1.0 - hydraulic cylinder; 1.1 — mounting plate; 1.2 — directional valve; 1.3 — check valve; 1.4 — mounting plate;
1.4.1 — pressure valve; 1.5 — pressure relief valve
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Fig. 5. Hydraulic scheme of the round saw machine drive:
1 —tank; 2 — pump; 3 — pressure relief valve; 4, 8 — directional valves; 5 — flow control valves; 6, 7 — hydraulic cylinders; 9 — pressure
reducing valve
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Fig. 6. Hydraulic scheme of round saw machine drive, made on the basis of modular equipment and two-seat mounting plate:
0.1 — pump; 1.0, 2.0 — hydraulic cylinders; 10.20.1 — mounting plate; 1.1 — pressure relief valve; 1.2 — mounting plate;
1.2.1,1.2.2 — flow control valves; 1.3, 2.2 — directional valves; 2.1 — pressure reducing valve

The hydraulic scheme of the machine provides main
and auxiliary movements of the executive elements:
clamping of blanks with the specified force; clamping of
the turret, its rotation when changing positions; working
and auxiliary movements of the cutting caliper; operation
of the device for automatic unloading of parts; pressure
control in the lines of discharge and clamping.

The hydroscheme consists of:

- discharge line including: pump P, filters F1 and F2,
pressure relief valve PVV2 and check valve CV;

- the workpiece clamping line, including: pressure
reducing valve PRV, directional valve D1, pressure
sequence valve PV1, hydraulic cylinders of clamping C1
and C2;

- cutting caliper line, which includes: directional
valve D3, flow control valve A2, hydraulic cylinder C3;
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Fig. 7. Hydraulic scheme of the turret lathe drive

- control line of the turret caliper, including:
hydraulic directional valves D2 and D5, hydraulic motor
M, hydraulic cylinders C4 and C5;

- unloading device line, which includes hydraulic
directional valve D4, hydraulic cylinder C6.

The pressure in the discharge line is set by the
pressure relief valve PV2.

Fig. 8 shows the hydraulic scheme of a turret lathe
drive, developed with the use of hydraulic units of
modular and butt design.

The hydroscheme consists of:

- discharge line including: pump 0.1, filter, pressure
relief valve 1.1 modular design;

- the workpiece clamping line, which includes: check
valve 1.2 modular design, pressure reduciong valve 1.3
modular design, pressure relief valve 1.4 modular design,
hydraulic directional valve 1.5 butt design, hydraulic
clamping cylinders 1.0.1 and 1.0.2;

- control line of the turret caliper which includes:
check valve 2.1 modular design, pressure relief valve 2.2
modular design, throttle with check valve 2.3 modular
design, check valve 2.4 modular design, hydraulic
directional valve 2.5 butt design, hydraulic motor 2.0;

- cutting caliper line, which includes: check valve 3.1
modular design, flow control valve 3.2 modular design,
hydraulic directional valve 3.3 butt design, hydraulic
cylinder 3.0;

- unloading device line, which includes: check valve
4.1 modular design, throttle with check valve 4.2 modular
design, hydraulic directional valve 4.3 butt design,
hydraulic cylinder 4.0.

The pressure in the discharge line is set by the
pressure relief valve 1.1.

Comparison shows that the hydraulic drive of a turret
lathe made on the basis of modular and butt hydraulic
equipment has two times less pipelines, end and
intermediate connections in relation to the serial one. The
weight of the hydraulic panel is 2,5 times less than that of
a serial hydraulic panel, and labor intensity of
manufacturing is 3,5 times less. The noise of the drive was
reduced by 1-2 dB.

Results of the analysis. The main advantages of
modular mounting are: reducing the number of pipelines
and their connections; increasing drive rigidity, reducing
noise; compactness, small size and weight; reducing labor
costs and time for the design and manufacture of the
drive; usability, the ability to quickly reconfiguration
drive, replace a failed unit without disassembly of the
hydraulic drive; reducing losses by reducing the path of
flow of working fluid in the system and the number of
local resistances; improving the appearance of the
hydraulic drive; unification of mounting plates and
hydropanels; increasing their seriality.

In addition, with this type of mounting, there is
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Fig. 8. Hydraulic scheme of the turret lathe drive, made with modular equipment:
0.1 — pump; 0.2 — mounting plate; 1.0.1, 1.0.2, 3.0, 4.0 — hydraulic cylinders; 1.1, 1.4, 2.2 — pressure relief valves;
1.2,2.1,24,3.1, 4.1 - check valves; 1.3 — pressure reduciong valve; 1.5, 2.5, 3.3, 4.3 — directional valves; 2.0 — hydraulic motor;
2.3, 4.2 — throttles with check valves
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always a constant distance between the individual devices
and regulating bodies of different apparatuses that make
up a typical element of a hydraulic system (its structural
contour). This makes it possible to determine in advance
the characteristics, properties and "behavior" not of
individual hydraulic apparatuses included in the hydraulic
system of the machine drive, but of groups of apparatuses
that make up typical modular units. We have an
opportunity to judge the characteristics of the hydraulic
drive of the machine as a whole already at the stage of its
design by predetermined characteristics of typical
elements (modular units) included in the hydraulic system
of the machine, which will significantly reduce the time
for designing, debugging and launching the drive in
production.

The conducted analysis of building and mounting of
hydraulic drives and hydraulic units, tendencies of
development of hydraulic schemes of hydraulic drives of
machines shows that the optimal variant of the pipeless
mounting is mounting with the use of modular and butt-
type hydraulic apparatuses. The execution of hydraulic
drives on the basis of only one type of hydraulic apparatus
(e.g., modular) is not always possible and justified.

Dimensions of the devices of modular design are
determined by the size of the butt plane of the directional
valve, which is usually the final link in the block of
modular apparatus (see Fig. 1), so the conditional passage
of the devices of modular design is limited to
D.=6-16 mm, since the modular devices of larger
conditional passages in size and weight are several times
larger than the units of butt design.

In addition, the functionality of modular apparatuses
does not cover all variants and designs of butt-type
apparatuses, which is explained by dimensional
restrictions. In units of modular apparatuses at high
pressure, butt openings and depressurization are possible.
Therefore, modular apparatuses are limited in pressure up
to 4552 psi [6, 14].

Therefore, it is rational to use in each particular
hydraulic drive those types of apparatuses or combinations
of different types, which allow for a given drive to realize
the optimal cycle of operation of a hydroficated machine
in all major technical parameters, in other words, those
apparatuses, the advantages of which would be decisive
for a given drive.

Depending on the selected hydraulic apparatuses it is
necessary to develop a hydraulic scheme of the drive in a
form suitable for the use of modular elements, to
determine the number of mounting, intermediate and
sealing plates, the sequence of their connection and the
overall dimension of the panels.

Conclusions. Thus, the currently producing
hydraulic stations with tank capacity from 10 to 1000 |
and pumps with capacity from 3 to 250 I/min at pressure
up to 4552 psi, control and distributive hydraulic
apparatuses  with international  connection  sizes,
complexes of modular hydraulic apparatuses with
conditional passages 6, 10 and 16 mm can solve the
problem of creation and modernization of hydraulic drives
on the basis of unified elements, using progressive modern
methods of their building and mounting. This will reduce

labor input in design and manufacturing of hydraulic
drives by 30-40 % with a sharp reduction in terms of
creation and implementation of new machines and
equipment, reduce costs for maintenance and repair of
hydraulic drives, increase their reliability.

The group of metalworking equipment, in which the
hydraulic drive on the basis of modular and butt hydraulic
equipment is easily performed, includes: turning group
machines; drilling and boring machines; grinding group
machines; broaching machines; cutting machines, milling
machines and other special machines.

Justified selection of the nomenclature of normalized
hydrostations, modular and butt hydraulic apparatuses and
other unified elements can solve the problem of creating
up to 70-75% of the manufactured hydraulic drives
completely based on unified units.

References

1. Bomoukuii B. M.  T'uopasiuueckue  npugoowi
obopyoosanue. XapbkoB: ['uaposnekc, 1995. 155 c.

2. Ceemmnukos B. K. Cmanounvie 2udponpusoos:. MammHocTpoenue,
2008. 640 c.

3. Oinkenpureitn 3. J1., Awnpnpenko I1. M., Jmutpienko O. B.
Excnayamayis, 00ciyeo8yéanHs ma  HAOIUHICMb  2I0PAGLIYHUX
Mawun i 2ioponpueodie: Haesy. nocio. Xapkis: HTY «XIII», 2014.
308 c.

4. Bypennikos 10. A., Hemuposcokuii I. A., Kosnos JI. I'. Iiopagnixa,
2iopo- ma nnesmonpusoou. Binuuns: BHTY, 2013. 273 c.

5. AspyninI'. A., Kupuuenko I.T'., Camoponos B. b. [liopaseriune
0bO1a0nanHs 6ydisenvHux ma 0opodxcHix mawun. Xapkis: XHANLY,
2016. 438 c.

6. Haymuyk ®. A., Oxcenenko A. 5., ®unaros P. A., Haboka U. I1.,
Ymanckas T. A. ModynbHbiti MoHmasic 2uopasiuyeckux npugooos.
HWWmam, 1979. 39 c.

7. Tlunuyk B. B. Pacuem u xoncmpyuposanue azpe2amno-mooyibHbIX
2UOPOOIOKO8 — YNPAGIeHUst  2UOPONPUBOOOE — MEXHON0SUYEeCKO20
o0bopydosanus: asmopeqh). OuUc. Ha COUCKAHUE Y4YeH. CMeneHu 0-pa
mexn. nayk: cney. 05.02.02 «Mawunosedenue, cucmemvl npugooog
u oemanu mawuny. Muuck, 2016. 41 c.

8. Dxkcuep X., Opeiirar P., Taiic X., Jlaar P., Onmonsuep i, 1Ia6 1.,
3ymnd E., Ocrennopdd V., Paiik M. [uoponpusoo. Ocnogvi u
xomnonenmel.  Tom 1. Dpbax: bom Pexcpor A Cepsuc
Aptomaruzanus unakruka, 2003. 323 c.

9. Tunet mommadica 2udpoannapamypei. URL: http://for-engineer.info/
hydraulics/tipy-montazha-gidroapparatury.html (mara oGpamenust:
02.08.2022).

10. Annapamur modynvroco monmaoica (npumenenue u monmaoic). URL:
https://hydraulic24.ru/apparaty-modulnogo-montazha-primenenie-i-
montazh/ (nara o6pamenus: 04.08.2022).

11. Casuenko O. 5., €nizapos C. I1I., Kumixoscpkuii B. O. Ilpo HOBi
HAIpPSMKH B TEXHOJIOTISIX BUTOTOBJICHHS Tipoanaparypu. AepapHuil
sichux Ilpuuopromop's: 36. uayk. np. Opeca, 2012. Bwum. 63:
Texniuni Hayku. C. 81-86.

12. Memannopeacywue cmanxu. URL: https://www.metalstanki.com.ua
(mata oopamenus: 02.08.2022).

13. Bosch Rexroth Configuration. URL: https://www.boschrexroth.com/
ics/Modules/Configuration/?Modelcode=HSR&p=p770880&Config
urator=ReihenplattenHSR&CheckPreviousSelection=Grundplatte:%
7B_:%7BR1G_RP_NOMINAL_SIZE=6%7D%7D&cat=Industrial-
Hydraulics-Catalog&pi=4900CE67-A5CA-F4C2-0A19CD21FE137
19B_ICS_8801&scenario=portal&InitConfiguration=1&o0=Desktop
(nata 3BepHenns: 04.08.2022).

14. Kamanoz 2iopasniunozo obnaonanns. URL: https://motorimpex.ua/
ua/catalog/ (nara 3Bepuenns: 05.08.2022).

Mauiun u ux

References (transliterated)

1. Volotskiy V. M. Gidravlicheskie privody mashin i ikh oborudovanie
[Hydraulic machine drives and their equipment]. Kharkov,
Gidroeleks Publ, 1995. 155 p.

2. Sveshnikov V. K. Stanochnye gidroprivody [Machine hydraulic
drives]. Mashinostroenie Publ, 2008. 640 p.

40

Bulletin of the National Technical University "KhPI".
Series: Hydraulic machines and hydraulic units, no. 12022



ISSN 2411-3441 (print), ISSN 2523-4471 (online)

3. Finkel'shteyn Z. L., Andrenko P. M., Dmytriyenko O. V. 9. Tipy montazha gidroapparatury [Types of mounting of hydraulic
Ekspluatatsiya, obsluhovuvannya ta nadiynist' hidravlichnykh mashyn i apparatus]. Available at: http://for-engineer.info/ hydraulics/tipy-
hidropryvodiv [Operation, maintenance and reliability of hydraulic montazha-gidroapparatury.html (accessed 02.08.2022).
machines and hydraulic drives]. Kharkiv, NTU "KhPI" Publ., 2014. 10. Apparaty modul'nogo montazha (primenenie i montazh) [Modular
308 p. mounting apparatus (application and mounting)]. Available at:

4. Buryennikov Yu. A., Nemyrovs'kyy I. A.,, Kozlov L. H. Hidravlika, https://hydraulic24.ru/apparaty-modulnogo-montazha-primenenie-i-
hidro- ta pnevmopryvody [Hydraulics, hydraulic and pneumatic montazh/ (accessed 04.08.2022).
actuators]. Vinnitsa, VNTU Publ., 2013. 273 p. 11. Savchenko O. Ya., Yelizarov S. P., Kyshkovs'kyy V.O. Pro novi

5. Avrunin H. A., Kyrychenko I. H., Samorodov V. B. Hidravlichne napryamky v tekhnolohiyakh vyhotovlennya hidroaparatury [About
obladnannya budivel'nykh ta dorozhnikh mashyn [Hydraulic tendencics in technological solutions when manufacturing details].
equipment for construction and road vehicles]. Kharkiv, KhNADU Ahrarnyy visnyk Prychornomor*ya: zb. nauk. pr. [Agrarian Bulletin
Publ., 2016. 438 p. of the Black Sea Region: a collection of scientific papers]. Odesa,

6. Naumchuk F. A., Oksenenko A. Ya., FilatovR. A., Nabokal.P., 2012, issue 63: Tekhnichni nauky [Technical sciences], pp. 81-86.
Umanskaya T. A. Modul'nyy montazh gidravlicheskikh privodov ~ 12. Metallorezhushchie stanki [Metal cutting machines]. Available at:
[Modular mounting of hydraulic drives.]. Nlimash Publ., 1979. 39 p. https://www.metalstanki.com.ua (accessed 02.08.2022).

7. Pinchuk V. V. Raschet i konstruirovanie agregatno-modul'nykh  13. Bosch Rexroth Configuration. Auvailable at:
gidroblokov  upravleniya  gidroprivodov  tekhnologicheskogo https://www.boschrexroth.com/ics/Modules/Configuration/?Modelc
oborudovaniya: avtoref. dis. na soiskanie uchen. stepeni d-ra tekhn. o0de=HSR&p=p770880&Configurator=ReihenplattenHSR&CheckPr
nauk: spets. 05.02.02 "Mashinovedenie, sistemy privodov i detali eviousSelection=Grundplatte:%7B_:%7BR1G_RP_NOMINAL_SIZ
mashin" [Design and calculation of modular hydraulic control units E=6%7D%7D&cat=Industrial-Hydraulics-Catalog&pi=4900CE67-
in fluid drives of processing equipment. Abstract of a thesis dr. eng. A5CA-F4C2-0A19CD21FE13719B_ICS_8801&scenario=portal&
sci. diss. 05.02.02 "Mechanical engineering, drive systems and InitConfiguration=1&o0=Desktop (accessed 04.08.2022).
machine parts"]. Minsk, 2016. 41 p. 14. Kataloh hidravlichnoho obladnannya [Hydraulic Equipment

8. Eksner Kh., Freytag R., Gays Kh., Lang R., Oppol‘tser Y., Shvab P., Catalogue]. Available at: https://motorimpex.ua/ ua/catalog/
Zumpf E., Ostendorff U., Rayk M. Gidroprivod. Osnovy i (accessed 05.08.2022).
komponenty. Tom 1 [Hydraulic Drive. Fundamentals and
Components. Volume 1]. Erbach, Bosch Rexroth AG Servis Received 24.08.2022

Avtomatizatsiya Didaktika Publ., 2003. 323 p.

Bioomocmi npo aemopis / About the Authors

®ameesa Hadin Mukonaisna (Fatieieva Nadiia) — kanaumar TexHIYHHX HayK, AONEHT, HarioHa bHII TeXHIYHMIT
yHiBepcUTeT «XapKiBChKHN MOJITEXHIYHUHA 1HCTUTYT», AOIeHT Kadenpu «ligpaBmiuai mamman iM. I'. @. [Ipockypny;
M. XapkiB, Ykpaina; ORCID: https://orcid.org/0000-0001-6955-5301; e-mail: nadin_yak@ukr.net

Dameee Onexcandp Muxonaitosuu (Fatyeyev Oleksandr) — kangumar TexHiyHMX Hayk, HamioHansHHI
TEXHIYHUH yHiBepcUTeT «XapKIBCHbKMH TONITEXHIYHUH I1HCTUTYT», HoUeHT Kadeapu «[igpaBiaiuyHi MaliuHA
im. I'. @. TIpockypm»; M. XapkiB, Ykpaina; ORCID: https://orcid.org/0000-0002-9212-4507; e-mail: fatyan1l@ukr.net

Ilonomapvosé Bnaoucnae Anamoniiiosuu (Ponomarov Vladyslav) — HauioHanbHMI TeXHIYHUIA YHIBEpCHUTET
«XapKiBCHKHH MONMITEXHIYHUN 1HCTUTYTY, acmipaHT Kadeapu «[impasniuni mamman iM. . @. [Ipockypu»; M. Xapkis,
Vxpaina; ORCID: https://orcid.org/0000-0001-8742-5615; e-mail: ponomaridzel@gmail.com

Bulletin of the National Technical University "KhPI".
Series: Hydraulic machines and hydraulic units, no. 12022 41



	8. Экснер Х., Фрейтаг Р., Гайс Х., Ланг Р., Оппольцер Й., Шваб П., Зумпф Е., Остендорфф У., Райк М. Гидропривод. Основы и компоненты. Том 1. Эрбах: Бош Рексрот АГ Сервис Автоматизация Дидактика, 2003. 323 с.
	12. Металлорежущие станки. URL: https://www.metalstanki.com.ua (дата обращения: 02.08.2022).
	8. Eksner Kh., Freytag R., Gays Kh., Lang R., Oppol'tser Y., Shvab P., Zumpf E., Ostendorff U., Rayk M. Gidroprivod. Osnovy i komponenty. Tom 1 [Hydraulic Drive. Fundamentals and Components. Volume 1]. Erbach, Bosch Rexroth AG Servis Avtomatizatsiya D...


