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The main directions of improving technical level of gear
pumps of agricultural machines

The paper presents ways to improve the design of gear pumps and hydraulic drives of modern
agricultural machines. The main trends in the increase of technical level of gear pumps are: increase of pressure of
hydraulic fluid which is developed by the pump, increase of specific useful capacity, volume efficiency, relief of
bearings and decrease of pulsation of instant feed and noise level.
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OcHoBHBIE HanpaBJIeHUA MOBbIIIEHUSI TEXHHUYECKOro YPOBHS 1ecTepeHHbIX HaCcoCOB
CeJIbCKOXO03s1iiCTBEHHOI TeXHUKHU

B npomnecce nccnenoBanmii ObITO YCTAaHOBJICHO, YTO OCHOBHBIMH HAIIPABICHUSIMH YCOBEPIICHCTBOBAHUS
IIECTEPEHHOI'0 Hacoca SIBITIOTCS: TIOBBIIICHAE AaBICHHUS pabodeil KUAKOCTH; MOBBIIICHUE YACTHHOTO pabovero
obbeMa M MOIIHOCTH, TOBBIIIEHHE KOX(PGUIMEHTa TMOAAaud;, CHIDKEHHE MyJIhCallid MTHOBEHHOW TOIA4Yu H
JIaBJICHVsSI; CHIDKEHHUE IIymMa B mporiecce paboThl Hacoca. [IpemiokeHsl OCHOBHBIC HAIpPaBIICHUS dalbHEHIIEro
Pa3BHUTHS MIECTEPEHHBIX HACOCOB CEIbCKOXO3SHUCTBEHHOW TEXHUKH, MO3BOJIIONINE TIPU MUHUMAJIBHBIX 3aTpaTax,
CYIIIECTBEHHO MOBBICUTH TEXHUYECKUH YPOBEHD IIECTEPEHHBIX HACOCOB CENbCKOXO03SIICTBEHHON TEXHUKHU.
HecTepeHHBIH HACOC, THAPONPHBOA, THAPOMAIIMHA

In modern agricultural machines the fluid power drive is increasingly being used
replacing mechanical, hydrodynamic and, in some designs, the electromechanical drives [1-4].

While creating modern hydraulic systems designed for high pressure, piston pumps are
preferred. However, piston hydraulic machines have a number of significant disadvantages that
makes us looking for alternative fluid power machines which work according to different
principles.

These fluid power machines include gear pumps (GP). Due to the simplicity of design,
reliability and unpretentiousness in operation this type of pumps is widely used. In some
branches of engineering GP is dominant. For example, in the domestic tractor mounted systems
of agricultural and industrial application with drawbar category from 6 to 150 kN only gear-
type pumps are used.

Ukraine is a major producer of GP on the territory of former Soviet Union. The leading
Ukrainian enterprise producing gear pumps is a public joint stock company "Hydrosila." The
production volume of gear pumps produced by Kirovograd PJSC "Hydrosila™ is more than 10
... 12% of the world production.

Problem description. One of the most important directions in the development of
hydraulic machines is to increase the pressure of the hydraulic fluid.
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Research has shown that the cost of manufacturing of hydraulic units with equal
capacity and with increasing pressure up to 30,0...40,0 MPa is reduced [5]. Transition to higher
pressure in hydraulic units lets reduce their mass and dimension, as well as reduce the influence
of the gas-air component of the hydraulic fluid. T.M. Bashta in his work [6] notes that the
increase in pressure in the hydraulic system of the aircraft from 21,0 MPa to 28,0 MPa reduces
the mass of the elements of the hydraulic system by 12 ... 16%.

A promising trend in the development of hydraulic systems is the use of adjusting
pumps and hydraulic motors in hydraulic drives. A widespread expansion of adjusting pumps
and hydraulic motors has been caused by the aspiration of designers to improve the degree of
efficiency of hydraulic systems and hydraulic drives, to provide energy saving in the
production process and realize the possibilities of electro-hydro automated systems for the
"non-human” technology and remote control.

Objective of research. Object of research are the processes happening in the gear
pump.

Research results. The need to reduce the size and steel intensity of hydraulic systems
and hydraulic drives with the increase of their power efficiency is also a strategic direction in
the development of hydraulic systems and hydraulic drives.

From the above-mentioned we may state that the main trends in further development of
hydraulic systems and hydraulic drives is to increase the operating pressure, the degree of
elements’ control and increase of specific power density.

As the research results show [13] it is possible to increase the pressure generated by the
GP by reducing the clearances in the conested parts. However, this involves the improvement
of the accuracy of production, which requires the acquisition of the precise and expensive
equipment.

One of the solutions to the problem is the selective collection of parts of the pump while
it is assembled which corresponds to the effect of improving the accuracy of the manufacture
of parts one class up. However, this method is appropriate only in individual and small batch
production and is associated with significant organizational changes in production process.

The second option is a constructive solution to increase the hydraulic resistance in each
pairing or eliminating clearances in these pairings, for example, the transition to a single part.
For example, replacing the individually manufactured bushings for coupled bushings
eliminates the clearance at the joints of bushings. Also, as an example of a constructive
solution of the pump assembly problem is refusal of the bushings in general and transition to
the formation of bearings in the housing and the cover of the GP. Under this scheme
"Hydrosila" company produces pumps GP-M and «Master». This example illustrates the
elimination of undesirable clearances in principle.

In our latest developments we propose the design of the GP which eliminates the face
plate pairing of a driven gear, and, as we know the proportion of leakage on the face plate
clearances of the GP is 70 ... 80% of the total leakage.

The increase of specific useful capacity still remains important which allows increasing
basic specific indicators of a GP, in particular, the power density per weight unit and volume of
the GP. The solutions to this problem are described in [14 - 18]. These papers show the results
of the research to increase the rate of use of the volume of spur gear rings.

The rate of use of the volume of spur gear rings of serial GP does not

exceedK,, =0,30. The proposed design of the pump, subject to certain limitations imposed
by the manufacturer K,, =0,3323 [14 -18]. Optimum rate of use of the volume of spur gear
rings without limitations of the producer reaches K,, =0,417, in some cases higher. The next
task is to develop the pump with K, =10. Currently the problem has been solved at
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theoretical level. There is continued research allowing realization of this idea in the design of
the GP.

The next stage of development of the design of the GP is the development of ways for
hydraulic relief of pump bearings.

The power pressure of hydraulic fluid on the spur gear rings, the force of which is
perceived by pins and bearings of the pumping unit, leads to an increase in diameter and length
of bearings, which significantly reduces the design excellence and technical level of the GP.
Currently, this problem is solved by the use of new materials of sliding bearings with extra
load. Due to the use of metal-flourine-bedded bearings we were able to reduce the length of
bearings in 1,5...1,7. But the length of the bearings 2,0...2,5 heigher than spur gear rings which
define the volume of the working chamber of the GP.

Functional analysis of the GP showed that one of the reserves for increasing the
technical level of the GP is to increase its specific characteristics, particularly feeding. This can
be achieved by reducing the dimensions of the GP and by reducing the length and diameter of
the bearings.

The solution of this important scientific problem lies in the plane of transition from flat
to the development of three-dimensional model of the pumping unit of the GP, including not
only pur gear rings, the parameters of which depend on the volume of the working chamber of
GP but bearings as well, the volume of which in the total volume of the pumping unit 2,0...2,5
higher than the spur gear rings.

One of the most common ways to reduce the load on bearings of the GP is the use of
the scheme, in which the hydraulic unloading of bearings produced by increasing the high-
pressure zone. Further increase in the high pressure zone will allow reducing the length of the
bearings and thus, the GP in general. But to increase the high-pressure zone we have to use
gear with a larger number of teeth, which reduces the rate of use of volume of spur gear rings
of GP. It follows that there exists an optimal number of gear teeth, which provides the
minimum dimensions of the bearings.

In other words, it is possible to find the optimum parameters of the toothing for which
the dimensions of the pumping unit, and thus the GP, will be minimal for the given design
conditions.

As the optimization criterion it is proposed to apply the rate of use volume of pumping
unit, which is the ratio of the form

_ VO(De’ Di (dz’ Z)’ b([p])’ Z)

=V, (@, (p]. 0., b(e). 1, (P ‘”
where V, - the working volume of the GP, m?;
D, - diameter of the gear teeth basins, m;
d, - diameter of the pins, m;
z - the number of teeth of gears;
b - the width of the spur gear ring, m;
V,y - the volume used by pumping unit of GP, m>;
I, - pin length, m;
[p] - load capacity of bearings for a given sliding speed, Pa.

The volume used by the pumping unit of the GP can be easily calculated according to
the dependence

Vi =2:0.25 DZ-(6((p]) + 21, (p])]. @)
Determination of working volume of GP under normal conditions presents no particular
difficulties [14-19]. However, in the case illustrated by the dependence (1) — it is a difficult task
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that requires additional theoretical research. This is due to the fact that the parameters in the
corresponding calculation formulas are themselves dependent variables, in particular the
parameters of sliding bearings of GP.

The most important research aimed at improving the technical level of GP is to increase
the feeding rate. To achieve this goal we developed new physical-mathematical and
mathematical models of internal leaks in the GP. Until now, there was no method of calculating
internal leaks of fluid in the calculation of the GP, which are still determined experimentally
[19]. At this moment the research has been done and the results are presented in publications
[20-23]. The data obtained in the research can and should be used in the calculation of the
volume of internal leaks through the gaps in the joints of the GP, as well as in the development
of measures aimed at increasing the pressure which is generated by the GP.

However, theoretical developments of the GP, despite their long history, are far from to
be perfect. One of the directions of further development of the theory of internal leaks is to
determine the relationship of volumes of internal leaks and flow rate of the hydraulic fluid in
the sliding bearings of the GP.

Recent years, the work is done to reduce pulsation while instantaneous feeding of
hydraulic fluid in the GP. The obtained results of theoretical research in this direction
eliminated some inaccuracies of existing physical-mathematical and mathematical models and
theories [28]. The developed during theoretical studies new physical and mathematical and
mathematical models suggest that the geometric pulsation of instantaneous feeding and
pressure during operation of the GP can be significantly reduced. These findings were fully
confirmed and extended by theoretical and experimental studies of this phenomenon [28].

One of the major unexplored areas in the working process of the GP is the process of
increasing the pressure of the hydraulic fluid. It is believed that the process of pressure increase
occurs during the angle rotation pitch of the gear. This is a complex process depending on
many factors, notably the frequency of rotational of gears, as well as circumferential, radially-
directed end faces and the end faces of leaks in the transition zone.

One of the insufficiently studied trends in the theory of GP is the process of absorption.
This is due to the fact that modern gear pumps have high overall and volume efficiency.
Rotation speed does not exceed 60 s and does not affect the quality of the filling chambers of
the GP. By increasing the rotation speed of the drive it is possible to increase all specific
indicators of GP, many of which are proportional to the speed. Consequently, the development
of future designs of the GP should consider the possibility of increasing the rotation speed and
pay attention to the study of the process of absorption of the hydraulic fluid.

The problem of increasing the coefficient of feeding of the GP has not been fully
investigated. Still remains unsolved the mechanism of the process of compression and
decompression of the hydraulic fluid in the cut-off plane of the GP. The authors of monograph
[12] are concerned with a serious problem of loss of potential energy of the pressurized
hydraulic fluid, which is transferred from the cut-off plane into the suction chamber. Solving
this problem will increase the volume and the overall efficiency of the GP.

An important issue is the problem of regulating the feeding in GP. At present, there is a
successful experience of the GP design with regulated feeding [24-27]. In case of successful
solution of a number of problems and the main of which is the increase of the coefficient of
regulation, it is possible to get the GP with adjustable feedrate which by its cost will be
considerably cheaper than the existing designs of regulated volume gear pumps — guided-vane
and axial piston pumps.

The most important area of research is the study of the dynamic characteristics of not
only the GP but also other types of the regulated volume pumps. At the moment a fast increase
in the expansion of production processes demands accuracy and speed regulation which creates
the need to develop new methods of calculation and design of hydraulic drives and hydro-
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automatics. To perform the calculations it is necessary to study the dynamic characteristics of
the hydraulic drive elements.

Increasing load and speed in modern machines is accompanied by increasing noise level. Gear
pumps are no exception in this regard. Measures to reduce noise in gear pumps that are
described in technical literature are, as a rule, a recommendation, and a really effective way to
reduce noise has not been currently developed. Consequently, the task of improving the noise
performance should also be considered relevant.

It should also be noted that the energy aspect of GP operating process has not been
studied in details, in particular processes connected with the loss of energy for heating the
hydraulic fluid, as well as factors affecting the mechanical efficiency.

Conclusions. When designing the hydraulic drives of agricultural equipment to
hydraulic machine it is appropriate to use gear pumps, which have a number of important
advantages in comparison with other types of pumps. The principles by which gear pumps
operate allow positioning them as pumps with a great potential. The article outlined the main
ways of further improving the design of gear pumps in the direction of increasing their
technical level. The main directions of improvement of the GP are: increasing pressure of
hydraulic fluid generated by the pump; specific working volume and capacity; rate of feeding;
unloading of bearings; instant reduction of pulsation flow and pressure, and reduced noise
during operation of the pump.
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KOHCTPYKTOPCHKHMX PO3POOOK MIECTEPEHHUX HACOCIB CLIIBCHKOTOCTIONAPCHKOT TEXHIKH.

Byno BcTaHOBIIEHO, IO OCHOBHMMH HANpSIMKaMH YJOCKOHAJICHHS ILIECTEPEHHOTO HAacoca € HACTYIIHI:
MiJBUIICHHS THCKY pOo00YOi PiJWHH, IO PO3BHUBAETHCS HACOCOM, - 33 PaxXyHOK IIiIBUIIECHHS BHYTPIIIHHOTO
TiIPaBIiYHOTO OIOPY B KOHCTPYKLIT LIECTEPEHHOr0 Hacoca, MiJBHIICHHS HHTOMOIO pobodoro ob'emy i
HOTYKHOCTI - IIISIXOM ONTHMI3allil napaMeTpiB 3y04aToro 3aderuieHHs 1 yChOro Bysla, IO Kadae, BLUIOMY, a
TaKOXX 3a PaXyHOK PO3BAHTKEHHS MIANIMIHUKIB HAacoca, IO JO3BOJIUTH 3MEHIIMTH rabapuTH, sSK By3ia, IO
Kayae, Tak 1 Hacoca BIUIOMY; MiJABMIIEHHS Koedili€HTa Toaavi - 3a PaxyHOK IIJIBUIIEHHS BHYTPIIIHHOTO
TiAPOOTIOPY, a TAKOXK ITiABUIIECHHS YaCTOTH 00epTaHH HACOCa; 3HIDKEHHS ITyJIbcallii MUTTEBOI 1O/1adi i THCKY — 3a
paxyHOK BCT@QHOBJICHHS TOTO, IIO ITyJbCallis 1OjAadi 1 THCKy HE € HEMHHYYUM HEIOJIKOM, IOB'SI3aHUM 3
KOHCTPYKTUBHUMH OCOOJIMBOCTSIMH ILECTEPEHHOI'0 HACOCA, [0 BU3HAYWIO HMOAAIBIIMN PO3BUTOK KOHCTPYKIIi
Hacoca B I[bOMY HAalpsIMKy IUISIXOM YCYHEHHS! NPWYMH BHUHUKHEHHS ITyJIbCAllil; 3HMDKCHHS IIyMy B IpOLECi
poboTH Hacoca — KOMIUIEKCHEe 0araTOBHMipHE 3aBIaHHS, BUPIIICHHS SKOTO MPUBEE HE JIUIIE 0 YCYHEHHS My,
aJie 1 10 ICTOTHOTO IiIBUIIEHHS TEXHIYHOTO PiBHS IECTEPEHHUX HACOCIB CLIBCHKOTOCIIOIAPCHKOT TEXHIKH.

Taxkum umHOM, OyJM 3aIPOIIOHOBAHI OCHOBHI HANPSAMKH HOAAIBIIOTO PO3BUTKY IIECTEPEHHUX HACOCIB
CUIBCHKOTOCTIONIAPCHKOT TEXHIKM, II0 JO3BOJSIIOTH MPU MIHIMAIBHUX BHUTpaTax, B paMKaxX TpaaMIiiHAX
KOHCTPYKTOPCBKHMX CXEM 1CTOTHO MiJIBUIIMTH TEXHIYHHH PIBEHb HIECTEPEHHHX HACOCIB CIJIbCHKOTOCIOAAPCHKOT
TEXHIKH.

HecTepeHHNUIT HAacoC, TiIPONpPHUBIA, riApoMaIuHa

Onepxano 10.11.15

YK 621.43.068.4

O.B. bes3, goun., kana. TexH. Hayk, C.O. Maromeub, a00., KaHJA. TeXH. HaYK,
0.0. MatBi€HKO, 10L., KAHJ. TEXH. HAYK

Kipoeoepaocvruii nayionaneruti mexuiunuii ynisepcumem, m.Kiposozpao, Yxpaina,
oleg_bevz@ukr.net

BrnivB Ha HaBKOJIMIIHE cepedoBuIlle aBTOOyciB BA3-
22154 mij 4yac excruTyaTallli Ha pi3HUX BHAaX NajruBa

OOrpyHTOBaHa aKTYaJIbHICTh NPOOJIIEMH EKOJIOTiYHOI HeOe3NeKH aBTOMOOULILHOTO TPAaHCIOPTY Ta
MpPEICTaBlICHa MOPIBHSIbHA OIIHKA BUKOPHCTAaHHS OCH3WMHY 1 ra30BOTO IajuBa Ha MpHUKIani aBToOyciB BA3-
22154 B MiCbKHX yMOBaX.
aBTOMOOLIBbHNI TPAHCIOPT, 3a0py/AHEHHS MOBITPS, eKOJIOTiYHA Hede3MmeKa

O.B. Be3, gou., kana. Texn. Hayk, C.O. Maroneus, 1o1., kKaH1. TexH. Hayk, O.0. MaTtBieHko, 1011., KaH]I.
TeXH. HayK

Kuposozpaockuii hayuonansusii mexnuyeckuil ynugepcumem, 2.Kuposoepad, Yxpauna

Bimmsinue Ha okpy:kaouyio cpery aBTodycoB BA3-22154 Bo Bpemsi 3KCIUIyaTallMM Ha Pa3HBIX BHIAX
TOIINBA

B nannoi#l pabote 000CHOBaHA aKTyaJIbHOCTH MPOOIEMBI SKOJOTMYECKOW OMAcCHOCTH aBTOMOOMIBHOTO
TPAHCIIOPTA M NPEICTaBlICHa CPABHUTENbHAS OLICHKA MCIIONB30BAaHMS OCH3MHA M Ta30BOTO TOIUIMBA HA IPHMeEpe
aBTOOyCcOoB BA3-22154 B rOpoJICKHX yCIOBUSIX.
aBTOMOOWIBHBII TPAHCNOPT, 3arpsi3HeHNE BO3yXa, IKOJIOTHYECKAsI OTIACHOCTH

IloctanoBka mnpodjemMu. B cyyacHHX yMoBax aBTOMOOUIBHHMN TpPaHCHOPT CTae
HaOLIbII 3HAYHUM JKEPEIOM 3a0pyAHEHHs aTMOC(EpPHOTo MOBITPs, OCOOINBO BEJIUKUX MICT.
ABTOMOOITbHUI TPAHCTOPT, MOTVIMHAIOYU HACTIIBKA HEOOXIMHUN NS MPOTIKAHHS >KUTTS
KHCeHb, PAa30M 3 THM IHTCHCHUBHO 3a0py[IHIOE TIOBITPSHE CEpEIOBUIINE TOKCHYHHMHU
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