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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. 
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ПЕРЕВАГИ ВИКОРИСТАННЯ ГІДРОАПАРАТУРИ МОДУЛЬНОГО МОНТАЖУ ПРИ 
МОДЕРНІЗАЦІЇ ВЕРСТАТНИХ ГІДРОСИСТЕМ 

З кожним роком схеми автоматизації, що реалізуються, із застосуванням гідравліки, стають все складніше і складніше. При великій 
кількості гідравлічних апаратів у схемі заміна різьбових з'єднань на інші способи монтажу стає дуже актуальною. Проведено аналіз 
побудови і монтажу гідравлічних приводів і гідроагрегатів на прикладі металорізальних верстатів, а саме: круглопильного та токарно-
револьверного. Аналіз показує, що оптимальним варіантом безтрубного монтажу гідроприводів є монтаж з використанням модульної і 
стикової гідроапаратури. Основними перевагами модульного монтажу є: скорочення кількості трубопроводів і їх з'єднань; підвищення 
жорсткості приводу, зниження шуму; компактність, малі габарити і маса; зниження витрат праці і часу на розробку і виготовлення приводу; 
зручність експлуатації, можливість швидкого перекомпонування приводу, заміни вийшовшого з ладу апарату без розбирання гідроприводу; 
уніфікація монтажних плит і гідропанелей, збільшення їх серійності. Крім того, при зазначеному виді монтажу завжди дотримується 
сталість відстані між окремими апаратами і регулюючими органами різних апаратів, які входять в модульний блок і складають типовий 
елемент гідросистеми (її структурний контур). Це дає можливість заздалегідь визначити характеристики, властивості і «поведінку» вже не 
окремих гідроапаратів, що входять в гідросистему приводу машини, а груп апаратів, що становлять типові модульні блоки. Є можливість за 
заздалегідь визначеними характеристиками типових елементів (модульних блоків), що входять в гідросистему машини, судити про 
характеристики гідроприводу машини в цілому вже на стадії його проектування, що дозволяє значно скоротити час на проектування, 
налагодження і запуск приводу в виробництво. До групи металообробного обладнання, в якій легко виконується гідравлічний привід на базі 
модульної і стикової гідроапаратури відносяться: верстати токарної групи; верстати свердлильні й розточувальні; верстати шліфувальної 
групи; протяжні верстати; верстати відрізні, фрезерні та інші спеціальні верстати. Обгрунтований вибір номенклатури нормалізованих 
гідростанцій, модульної та стикової гідроапаратури і інших уніфікованих елементів може вирішити задачу створення на базі уніфікованих 
вузлів до 70–75 % випущених гідроприводів. 

Ключові слова: гідропривод, верстатні гідросистеми, модульний монтаж, стиковий монтаж, структурний контур, гідропанель, 
модульний блок. 

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 

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 

 
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 
 

 
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 PV2 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, 2.4, 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  
Dс = 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 l 
and pumps with capacity from 3 to 250 l/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. 
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