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Abstract. Current trends in expanding the field of applicataf mechatronic systems with a
hydraulic drive of active working bodies of sellbpelled vehicles necessitates the creation of
new designs of hydraulic machines. For mechatreggtems with a hydraulic drive of the
active working bodies of self-propelled vehiclearigus types of hydraulic machines are used,
but special attention is paid to orbital and plangthydraulic motors. The crank in this
hydraulics machines is a rotating hydraulic fie@dnfied by the distribution system of the
planetary hydraulic motor. The distribution systefithe considered hydraulic motor is one of
the main mechanisms determining the stable operafidhe planetary hydraulic motor. As a
result of the research, design schemes, a mathehatiparatus, and a calculation algorithm
have been developed that make it possible to yusté angular arrangement of the working
and unloading windows of the moving distributoreTdngular arrangement of the working and
unloading windows of the moving distributor of théanetary hydraulic motor distribution
system is substantiated. A technique has beenameifor shifting the distribution window of
the movable distributor, which allows to reducecfhations in the flow of the working fluid,
and as a result, improve the functional parametktise planetary hydraulic motor.

1. Introduction
Current trends in expanding the field of applicatad mechatronic systems with a hydraulic drive of
active working bodies of self-propelled vehiclesessitates the creation of new designs of hydraulic
machines. For mechatronic systems with a hydradidice of the active working bodies of self-
propelled vehicles, various types of hydraulic mae are used [1, 2], but special attention is paid
planetary [3-7] and orbital [8-12] hydraulic motoBy plane taryhydraulicmotors are meant hydraulic
machines operating on the principle of a planetggrbox. The crank in this hydraulic machine is a
rotating hydraulic field formed by the end disttilon system of the planetary hydraulic motor [3-7].
The distribution system of the planetary hydraaiigtor consists of a front cover 1, a fixed 2 and a
movable 3 distributors, as well as a shaft 4 oftipdraulic motor (figure 1). The fixed distribut@r
installed in the front cover 1 forms a node forglyimg and plum discharging the working fluid okth
hydraulic motor. A movable distributor 3 mounted e shaft 4 of the hydraulic motor forms a
distribution unit that supplies (discharges) thekimy fluid to the working chambers of the hydrauli
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motor. When the distribution system is operatihg, thovable distributor 3 mounted on the hydraulic
motor shaft 4 rotates relative to the stationanysfalled in the front cover 1. The contactingtud £nd
surfaces of the immobile 2 and movable 3 distribbtving special windows [3, 6, 7] forms a zone of
formation of a rotating hydraulic field.

Figurel.Elements of the distribution system of the planetardraulic motor: 1 — front cover;
2 —immobile distributor; 3 — a movable distributér+ a shaft of a hydraulic motor.

The distribution system under consideration is are® of complex nonharmonic pulsations that
cause vibration of the hydraulic system elementsliteg to functional failures [1, 2, 4, 5]. The
frequency and amplitude of the pulsations causethéwistribution system primarily depends on the
kinematic scheme of the working fluid distributispstem. The number of the kinematic diagram of
the distribution system is determined by the rafithe number of high pressure windows of the fixed
distributor to the number of working windows of tmevable distributor.

Thus, the study of issues related to the calcudatiod design of distribution systems is an urgent
task, the solution of which will improve the outmitaracteristics of planetary hydraulic machines.

2. Analysis of recent studiesand publications

When designing the orbital and gerotor hydrauliccihmaes, the forces acting in the gearing were
taken into account [13, 14], were justified the maxm deviations of the error the manufacturing
contour of the gear of the rotors [11]. Developeuversals models of mechatronic systems [12],
mathematical models describing the change in I¢&Hsvere taking into account the equations of
hydrodynamics of fluid motion in the working cham§9]. Tribological changes in the geometry of
the working surfaces of the rotors [15] of thesalraylic machines and developed programs for
designing gear surfaces [16] are investigated. Kewen these works, the distribution systems ef th
working fluid, which are necessary for creatingptating hydraulic field of the working fluid, aren
considered.

The effect of additives in oils on the processegiction and wear in movable joints was studied
[17]. The results of laboratory studies of the effef carbon nanoparticles on the antiwear and
extreme pressure properties of industrial oil ares@nted [18]. The effect of an external magnetic
field on the change in adhesion parameters upotacbof magnetized steel rolling elements was
studied [19]. The coefficients of the regressionatipns are obtained that describe the dependdnce o
the wear rate on the contact surface treatmenthdess under real operating conditions [20]. The
reasons for the occurrence of cavitation phenomenahe system of distribution [21] are
substantiated, modeling of the flow of the workithgid through the channels of gerotor hydraulic
motors [14]. Is considered Geometrical [22], mathgoal [23], and hydrodynamic models [24, 25]
are proposed that allow one to study the influesfdbe geometric parameters of flowing parts on the
output characteristics of gerotor hydraulic mackinia a planetary hydraulic motor, an distribution
system is used to create a rotating hydraulic figld].

It was established [3] that the synchronizationoddition of the hydraulic field and the displacefs
the hydraulic machine depends on the number of mwgrkhambers and is characterized by the
kinematic diagram of the distribution system. Radiokinematic schemes of distribution systems are
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substantiated [4]. A calculation scheme and a nmagitieal apparatus have been developed to study
the performance of a distribution system with vasievindows made in the form of a segment [5], a
circle [6] and a groove [7]. The issues relatethelimination of fluctuations in the flow areatbé
distribution system to ensure the constancy ofdhgut characteristics of the planetary hydraulic
motor are not considered.

Thus, ensuring the constancy of the output chatiatitss of the planetary hydraulic motor by
eliminating fluctuations in the throughput of itstiibution system is an important scientific prerol

3. Statement of the objective and tasks of the study

To study the effect of the number and angular lonadf the working and unloadings windows of the

movable distributor on the output characteristiicghe planetary hydraulic motor, it is necessary:

— to develop calculation schemes, a mathematigadrapus and a calculation algorithm to justify the
angular location of the working and unloading wiwdaf the moving distributor and to determine
the influence of the location of the windows on thput characteristics of the planetary hydraulic
motor;

— to develop a technique for bias the working antbading windows of a movable distributor,
which allows to reduce fluctuations in the flow wbrking fluid, and in order to improve the
functional parameters of the planetary hydrauli¢cano

— to justify the influence of the geometric paraenetof the distribution system on the functional
parameters of the planetary hydraulic motor.

4. Thebasic part of the study

The layout of the distribution windows in the zookformation of the hydraulic field (figure2),
formed by the distribution windows [5-7], located the end surfaces of the fixed and movable
distributors, clearly shows the formation of thghand low pressuree zones when the working fluid
is supplied (withdrawn) to the working chambershaf hydraulic motor.

On the end surface of the immobile distributoisciarge windows 3 and drain 4 are made
(figure2). With these windows are in contact, therking 1 and unloading 2 windows of the movable
distributor located on its end surface. The nundbelistribution windows of the immobile distributo
is always two more than the movable [3, 5-7]. Thpesimposition of the windows of the movable
distributor on the windows immobile distributor alls you to get a diagram of the instantaneous
position of the phases of the distribution of therking fluid in the distribution system in question
Unloading windows 2 of the movable distributor dut take part in the distribution of the working
fluid, but serve to balance the pressure forcehefworking fluid acting on the end surfaces of the
fixed and movable distributors.

The main characteristic of the distribution sysisnts bandwidth (flow rate of the working fluid),
determined by the area of the passage sectionsodybtem [4, 5]. An increase in the bandwidthhef t
distribution system can be achieved by using aulthdi (unloading) windows of the movable
distributor as workers.

It is known [4, 5] that the use of additional (uadling) windows leads to both an increase in
throughput and a change in the pulsation of the bthe working liquid.

In order to reduce the pulsation of the flow of #arking fluid, a technique has been proposed that
methodology to reduce fluctuations in the areahefflow by shifting the windows of the movable
distributor.

1. Determined by position of the distribution wingo of the movable and fixed distributors is
determined.

In articles [3, 5-7] is described in detail the idigfon: of angles of location of the first working
window a; and subsequert windows of the movable distributor; of first winddhigh pressurgs;
and subsequen windows of the fixed distributor; of angles of treding the geometric parameters

of the distribution windows, angleso; between the centers of the windows of the movabtkfixed
distributors that are in the overlap; of angles\arlapy distribution windows.
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Figure2.The layout of the distribution windows in the
zone of formation of the hydraulic field: 1 — wanki
windows of the movable distributor; 2 — unloading
windows of the movable distributor; 3 — discharge
windows of a immobile distributor; 4 — drain windsw

of a immobile distributor; 5 — an opening window fo
supplying fluid to the working chambers (opening
phase); 6 — an opening window for draining liquiohf

the working chambers (opening phase); 7 — a window
that closes when fluid is supplied to the working
chambers (closing phase); 8 — a window that closes
when draining the liquid from the working chambers
(closing phase).

2. The range of opening and closing of each workind additional (unloading) windows of the
movable distributor.
If the windows do not overlag —a;| >¢, then
a,..=Bi-€-a,a

open

=p*re-a, (1)

closegd
If 0;>5 + & then

aoperilzﬁkl_‘g_ai’ aclosed=ﬁ+l+g_ai' (2)

If the windows overlap £ — o] < & then the calculation is performed according ®dkpressions
(1, 2) until aypeni> 4nlZ; and ogiosea ™ A7 | Zo. I Gopen <41 | Zo, Ociosea 4 | Zo, theNogoseqi = 4t | 2o,
where Z, — the number of windows of the immobile distribufwindows high pressure have odd
numbers, and drain windows have even numbers).

3. The number of additional (unloading) windowslté movable distributor is selected (from 2 to
Z,/ 4) and determined their numbers, wh&re- is the number of windows of the movable distigou
(working windows have odd numbers, and unloadingdeivs are even). 1Z; / 4 of additional
(unloading) of the windows is used, then their narslare always a multiple of 4.

4. Compared moment of closing of each window ofrtieeable distributor with the opening of the
windows is (taking into account additional (unlaag)i windows). That is, for each closed (or closing)
window of the movable distributor there is suchogen (or opening) window so that their difference
does not exceed the order of the "opening-closivigtlows of the movable distributor
a (3)

closed - open*

aperiod =a
Closing additional (unloading) windows always cepend to opening working windows, and the
number of the corresponding opening working wWind®Work = iunoadt 1, lunioad 4, lunloadt 4, -+, Z1.
However, if the number of the closing additionallGading) window iS,n0a= Z1, then the number
of the corresponding opening working window is d@iaediox = 1.
Opening additional (unloading) windows always cepand to closing working windows, which

will subsequently shift, and the number of the icigsvorking window iSwork(oftsety= 1unioad— 1.
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5. For each pair of windows, the overlap angléhefwindows is determined ahead or behind
youtrur] = aclosed -a op$n> O’ y Iag: a closed_ a open< 0. (4)

If the difference between the closing and openingdaws is positive, then the windows overlap
ahead, and if the difference is negative, therottezlap is lagging.

For kinematic schemes 7#611/10 ¢, = 12; 20): if the closing working window correspisrto the
opening working window, then the overlap determinag O;if the closing working window
corresponds to the opening additional unloadingdaim and vice versa, then the overlap is equal to
Iclosedz-

For kinematic schemes 5/4, 9i8 13/12 ¢, = 8; 16; 24): if the closing working window
corresponds to the opening working window, then dkierlap determined bigerios if the closing
working window corresponds to the opening additiamdoading window and vice versa, then the
overlap is equal tQoseda-

6. The algebraic sum of the leading and laggingesés determined

Zyzzyoutrun_zylag- (5)

If all pairs of windows overlap ahead of time, tlexpression (5) will take the form:

Zyzzyoutrun )

7. Is determined the average overlapvalue

%' ©)

ymean =

work unload

8. Is determined the shift of the windowsf the movable distributor.
For kinematic schemes 7#611/10 g; = 12; 20):
— for additional (unloading) windows involved iretivork

Tunload = youtrun,unload_ y mea; (7)

— for working windows
Twork = ymean_ ylag' (8)

If the distributor and spool windows are locatethaut a gap, thefyon= Tmean
For kinematic schemes 5/4, 98 3/12 ¢, = 8; 16; 24):
— for additional (unloading) windows involved iretivork

Tunload = ymean_ youtrun,unloa; (9)

— for working windows
Twork = youtrun,work_ ymea\' (10)

9. Are determined the numbers of windows that lgllshifted.

The numbers of working windows that will be shifi@ determined;york = iunioad— 1-

Moreover, for kinematic schemes #611/10 ¢g; = 12; 20) working and additional (unloading)
windows are shifted clockwise, and for kinematibesoes 5/4, 9/& 13/12 ¢, = 8; 16; 24) working
and additional (unloading) windows are shifted detriockwise.

10. The location angles of the workings and aduditie (unloading) windows of the movable
distributor after the displacement are determined

I

— J —
aworlg - aworki + Tworo @ unload ~— a unload¢ Ly (11)
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if the windows are shifted clockwise, them,,k U T ynioad taken with a sign “+”, if the windows are
shifted counterclockwise - with a sign “-”

(a)
198
185 188 3.0 176 176 184176 86,90 183 183
158 158 158 151
132
66
27 27
° M
8/9 9/10 10/11 11/12 12/13
B max lmm Oamplitude
(b)| 2 265

238 240

215 225 50, 2226 @ P 014 215 216 216 222 515 220 9
37 50
18 20
0

3/4 4/5 5/6 6/7. max 7‘mm Dg{n olitude 9/10  10/11  11/12  12/13
(©)| 264 (d)
250 230 573 317 317

274 264 264 257 247 244 244

6/7 12/13 6/7 8/9 10/11 12/13
B max @ min Oamplitude ‘max lmin/ Elamplitud/e /

Figure3.Dependence of the passage area on the kinematinscha — without the use of
additional (unloading) windows (without window digpement); b — with the use of two; c—
three; d — four additional (unloading) windows éafthe displacement of the windows).

11. Is determined bandwidth of the distribution tegs [3, 5-7] using additional discharge

windows.
Methodology of smoothing the pulsation of the fla the working fluid when using two

additional discharge windows is similar.
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For kinematic schem 7/&{ = 12):0opening working windows corresponding toselg additional
unloading windows are shifted clockwise by an ameuR.s closing working windows, which
correspond to opening additional unloading windoarg shifted counterclockwise by an amount
Tunload

For kinematic schemes 9/8; 11/10; 13/Z2% 16; 20; 24) except windows shifted similarlytbhe
kinematic scheme 7/&{ = 12), the working windows are also shiftedzhy— for kinematic scheme
11/10 ¢; = 20) 0N funioadTwork)-

For kinematic schemes 9%813/12 ¢, = 16; 24): the opening working windows correspogdio
the closing working windows that are shifted cloi@ey the closing working windows, to which the
opening working windows correspond, are shiftednterclockwise.

Based on the developed methodology, the possibtensp for using additional (unloading)
windows of the movable distributor and changing éinea of the passage section of the distribution
system depending on the kinematic scheme arei@as{figure 3).

The analysis of figure 3 shows that the use of tawdil (unloading) windows of the movable
distributor allows you to increase the average agsarea from150...183 i 215...317 mrmThe
angular displacement of the distribution windowshaf movable distributor to reduce the amplitude of
the oscillations of the passage area to 0...5¢epending on the kinematic scheme.

The most rational kinematic schemes of a plandtadyaulic motor are: 5/4, 9/8 13/12 without
the use of additional unloading windows of the atae distributor (without their displacement); 5/4
u 9/8 when using 4 additional (unloading) windows tbé movable distributor (without their
displacement); 7/& 11/10 when using 2 additional (unloading) windavighe movable distributor
(with offset); 13/12 when using 4 additional (urdo&y) windows of the movable distributor(with
offset).

Using these kinematic schemes will ensure the aoogt of the output characteristics of the
planetary hydraulic motor.

5. Conclusions

As a result of the research, design schemes, aematital apparatus, and a calculation algorithm
have been developed that make it possible to yusté angular location of the working and unloading
windows of the movable distributor and to deterntime effect of the location of the windows on the
functional parameters of the planetary hydrauli¢ano

The angular arrangement of the working and unlaaeéimdows of the mobile distributor of the
distribution system is substantiated, which alldéaécrease the throughput of the planetary hydraul
motor by almost 2 times. A technique has been deeel for shifting the distribution windows of the
movable distributor, which allows to reduce fludtaas in the flow of the working fluid.

The most rational kinematic schemes are substadtiat4, 9/8 and 13/12 without using additional
windows, as well as 5/4, 7/6, 9/8, 11/10 and 13/h2n using additional windows. In these kinematic
schemes, there are no fluctuations in the flow arethe distribution system, which ensures the
stability of the output characteristics of the @amy hydraulic motor.
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