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Annotation. Problem. The development of mobile machines with increased movement speeds requires
constructive solutions for the creation of appropriate transmissions, particularly the analysis of the
possibility of creating hydraulic stepless transmissions using hydraulic motors of various types. Goal.
Increasing the technical level of transmissions of utility, construction and road vehicles and multi-axle
high-speed vehicles with the help of advances in modern hydrostatic transmissions. Methodology. The
transmissions of mobile machines are considered from the point of view of the possibility of using
multi-cycle radial-piston hydraulic motors in them as gearless hydraulic motor-wheels. According to
the traction-speed characteristics, the values of the torques and rotation frequencies of the hubs were
calculated, and the hydraulic motor-wheels were selected according to the corresponding working
volumes. As an example, calculations of the dynamics of the hydraulic drive transmission of a
cleaning utility vehicle were carried out using the VisSim application program package, where the
universal characteristic of the gerotor hydraulic motor was used to determine the hydromechanical
efficiency in the modes from displacement to maximum rotation frequency. The results. Positive
results were obtained in terms of increasing the speed of mobile machines when using hydraulic
motor-wheels of radial piston multicycle action in transmissions instead of gerotor hydraulic motors,
axial-piston hydraulic motors with planetary gearboxes, hydraulic transmissions with cardan shafts
and mechanical transmissions. Originality. New calculated data on the initial characteristics of
transmissions with a hydraulic drive were obtained, the possibilities of modeling dynamic processes in
the transmission hydraulic drive depending on the action of external factors regarding the load, speed
and properties of the working fluid were shown. It was established that for multi-axle vehicles with a
maximum speed of up to 100 km/h, the use of electric or hydraulic motor-wheels requires the addition
of planetary gearboxes with reducers or multiplier frames. Practical meaning. Recommendations for
the use of radial-piston gearless hydraulic motor-wheels in mobile machines in order to improve their
technical level are given.

Key words: vehicle, transmission, hydraulic motor-wheel, torque, rotation frequency, dynamic
calculations, VisSim package

Introduction hydraulic motors, hydraulic equipment, working
fluid and means of its conditioning. The results
of the analysis of the technical level of modern
hydraulic motors according to the information
sources of their manufacturers were the impetus
for conducting real research. The main
limitation of the use of high-torque radial-piston
hydraulic motors was low rotation frequency,
which did not allow such hydraulic motors to be
installed in vehicles at a speed of more than
30 km/h without multipliers (mechanical gears

The basis for the creation of new equipment, in
particular road construction machines, tractors
and other mobile machines, is the constant
analysis of the achievements of the world's
leading man-ufacturers. At the same time, it is
necessary to pay attention not only to the
technical characteristics of machines, but also to
new components related to transmission units
and technological equipment, which include
hydraulic devices [1] in the form of pumps,
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with increased rotation frequency at the output).
Such hydraulic motors abroad were classified as
low-speed high-torque (LSHT).

Analysis of publications

The prospects for the importance of LSHT
hydraulic motors are demonstrated by the
company "Rexroth-Bosch Group™ (Germany),
which has the largest range of axial-piston
hydraulic motors of the A2FM and A6VM(E)
series in combination with planetary gearboxes,
but at the same time produces radial-piston
hydraulic motor-wheels MCR a fairly wide
range of standard sizes in terms of working
volumes and structural designs in terms of
regulation and braking systems, as well as the
most powerful "Hagglunds™" hydraulic motors in
the world [2, 3].

Analysis of the characteristics of LSHT
hydraulic motors of the "Poclain Hydraulics"
company (France) showed that over the past
20 years, the designers have managed to
significantly increase their technical level [4-6].

In the table 1 shows the main parameters of
hydraulic motors of the MS series and the latest
MHP20/27 development of approximately the
same working volumes V,, in particular, the

values of the maximum rotation frequencyn,
pressure p, torque 7, output power P and mass

mare given. To compare hydraulic motors, let's
turn to the indicators, to which there are many
references in the literature [7], in particular to
such specific indicators as the ratio of mass to
torque k,and powerk,, as well as the speed

indicator C, . A significant improvement in the

specific parameters of the MHP20/27 series
hydraulic motor was achieved due to an increase
in pressure from 45 MPa to 50 MPa and a more
than doubled rotation frequency. In terms of
speed C,, the advantage is more than doubled.

In addition, hydraulic motors have a wide range
of adjustment of the working volume up to four,
an increased number of adjustment steps, and
there are designs of hydraulic motors with built-
in parking and working brakes.

Table 1. Technical characteristics of hydraulic motors of the company "Poclain Hydraulics"

Code of_ the V, [em?] n [rom] | T[HwM]/ P [xBr] | m [xr] K, k, Cn*
rljny;jt:)arullc p [MIla] [m/N.m] | [mvkw]
MS18-6 1091/545 172/172 7806/45 70/47 160 0.02 2.3 14
MS18-2 2099/1049 | 145/100 15018/45 70/47 160 0.01 2.3 1.0
MS25-8 2004/1002 | 145/145 14339/45 90/60 270 0.018 3.0 15
MS25-2 3006/1503 | 115/130 21508/45 90/60 270 0.012 3.0 15
MHP20-7 1416/354 342/435 11257 /50 | 200/175 240 0.021 1.2 3.0
MHP20-9 1821/455 273/350 14477/50 200/160 240 0.017 1.2 2.7
MHP27-7 1893/473 254/316 15049/50 215/125 240 0.016 11 25
MHP27-9 2712/678 182/228 21560/50 185/125 240 0.011 1.3 2.0

Notes: 1. Rotational frequencies and power are given for hydraulic motors with adjustable working volume
(MS18 and MS25 with two stages, MHP20 and MHP27 with four stages) at the maximum and minimum
(underline) values of the working volume; 2. The torque is calculated as theoretical at the maximum working
volume and the value of the pressure drop under the line; 3. The mass of MS hydraulic motors is shown in the
configuration with a parking brake, MHP hydraulic motors with parking and working brakes; 4.”) —Dimensions

of technical level coefficients: C, =n-V,"® [rpm- cm-10-3].

It should be noted that the comparison of the
hydraulic motor of the MHP20-1416 series with
the hydraulic motor of the MHP11-1401 series
[8], that is, of approximately equal working
volumes, gives significantly different values of
the maximum rotation frequencies. For the
MHP20-1416 hydraulic motor, this value is 435
rpm, and for the MHP11 hydraulic motor it is
202 rpm, that is, less than twice. Such a
difference emphasizes the high level of
constructive achievements of the specialists of
the "Poclain Hydraulics" company. In recent
years, the values of the maximum rotation

frequencies of  multi-cycle  radial-piston
hydraulic motors of the MSR model of the
"Rexroth-Bosch Group™ company have also
significantly increased [2].

Axial-piston hydraulic motors have stepless
regulators for changing the working volume in
designs with an inclined disk or a cylinder
block, but the need to use a planetary gearbox
somewhat reduces the efficiency of such a
hydraulic motor-reducer. Thus, a review of
achievements in the field of high-torque radial-
piston hydraulic motors shows the prospects of
this direction of motor-wheel application.
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Such increased speed indicators of hydraulic
motors of the MHP series of the "Poclain
Hydraulics" company lead to a conclusion
regarding the assessment of their use in the
modernization of transmissions of mobile
machines in use and prospective developments.
At the same time, a decision was made to
consider serial transmissions of machines with a
speed of up to 40 km/h (tractors, road
construction and communal cleaning machines),
as well as the creation of transmissions for
vehicles with high speed and maneuverability.
The high-speed transmission must have a
traction-speed characteristic with a force of up
to 500 kN when shifting and provide a vehicle
speed of up to 100 km/h with a reduced traction
effort. One of the modern trends in the
construction of structural diagrams of such
transmissions is the rejection of cardan gears
and the use of motor-wheels for rotating the
hubs.

Purpose and Tasks

The purpose of the article is to improve the
technical level of transmissions of utility,
construction and road vehicles and multi-axle
high-speed vehicles with the help of advances in
modern volumetric hydraulic drives.

Tasks of the article are to analyze the
possibility of using high-torque radial-piston
hydraulic motors as gearless hydraulic motor-
wheels by conducting static calculations of
hydraulic transmissions and modeling dynamic
processes in the full range of speed-traction
characteristics of the vehicle. The hydraulic
drive of the transmission of the cleaning utility
vehicle was chosen as the object of dynamic
research.

Materials and Method

Tractor  transmissions  use  mechanical
transmissions with hydraulic gear shifting drives
without power interruption, stepless two-flow
transmissions with parallel power flow using a
hydrostatic transmission, and hydrodynamic
transmissions with complex torque transformers
[9]. The disadvantage of transmissions with
complex hydraulic transformers is the need to
additionally create a speed reducer using
mechanical gears or hydrostatic transmission,
which significantly complicates the
transmission. At the same time, hydrostatic
transmission with high-torque hydraulic units
are used in mobile machines, which consist of
axial-piston hydraulic motors with planetary

gearboxes or high-torque hydraulic motors. The
latter include gerotor hydraulic motors and
radial-piston single-cycle (eccentric) and multi-
cycle action (with profile cam-copier).

In multi-cycle radial piston hydraulic motors,
the forces on the main bearings of the shaft are
reduced to a minimum with the kinematic balance
of the piston groups due to the optimal selection of
the number of pistons and the working profiles of
the copier, and the piston groups also underwent
significant modernization [7].

To reduce the radial and axial dimensions of
hydraulic motors, miniature designs of piston
groups appeared, in which the formation of
torque was achieved in the presence of lateral
loads on the piston. In such piston groups of the
"piston-roller" type, the latter performs a
rotational movement relative to the bore in the
piston and along the profile. An increase in the
high wear resistance of the piston group when
the piston rubs against the side wall of the
cylinder and the roller on the surface of the
piston and the copier is achieved due to new
materials, coatings and the use of hydrostatic
unloading in the "piston-roller” pair.

In fig. 1 presents structural diagrams of
loaders with full-flow transmissions with a
hydrostatic drive, that is, transmissions in which,
unlike two-flow hydromechanical transmissions,
the pump and hydraulic motor (hydromotors)
create the full power of the transmission. For
example, in mobile machines, in particular
loaders, a transmission of two hydraulic
machines is used a pump 2 and a hydraulic
motor 1, which has an adjustable working
volume and rotates the cardan shafts of the
driving axles DA (a) through a gearbox. Such a
transmission is installed in the Weidemann-9080
loader [10, 11]. The transmission with hydraulic
motor-wheels has a multi-machine scheme in
which one or two pumps rotate the hubs of the
driving wheels with the help of hydraulic
motors. In the TS-10KHTZ crawler tractor-
bulldozer, the hubs of the two driving sprockets
are rotated by axial-piston hydraulic motor-
wheels with adjustable working volume with
planetary gearboxes [12]. The same scheme is
used in the wheeled forklift Linde H20, but only
with one pump and two axial-piston hydraulic
motors with an inclined disk and a constant
working volume [13]. Four gerotor hydraulic
motor-wheels with a constant working volume
are used in the transmission of the "Nilfisk
MV4500" utility cleaning machine [14, 15].

When using radial-piston hydraulic motors
11-14 of single-cycle or multi-cycle operation, it
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is possible to abandon the intermediate gearbox,
and with the help of hydraulic motor designs
with adjustable working volume, reduce the
setting power of the pumping unit and the drive
internal combustion engine (b). Rejection of

cardan shafts significantly simplifies the layout
of the machine in relation to the location of the
pump with the drive internal combustion engine
relative to the driving hubs of the machine with
the help of high-pressure hoses.

Hydraulic motor-reducer unit MR

Ingine

H

1

C_1

|: Gearbox ‘

e

11

Cardan shafts of drive axles

High-torque hydraulic motor-wheels

a

12

Fig 1. Transmissions of mobile machines with a full-flow hydrostatic transmissions: a — with a
hydraulic motor and wheel drive gearbox; b — with high-torque hydraulic motor-wheels

The research methodology consists of an
analysis of the requirements for traction-speed
characteristic of the vehicle and calculation of the
static and dynamic characteristics of the hydraulic
transmission. During the static calculation, the
maximum values of the torque and rotation
frequency of the driving hubs, the output power of
the transmission are determined, and the values of
the hydraulic motors and their power supply
pump, which are required for the working volume,
are selected. All these values make it possible to
preliminarily find the efficiency of the hydraulic
drive and the parameters of the oil-cooler.
Dynamic  calculations  provide for  the
determination of the pressure in the hydraulic drive
and the frequency of rotation of the driving wheels
depending on time and give the opportunity to
simulate these parameters at various cyclograms in
relation to the external load on the driving wheel,
changes in the intensity of the pump supply, the
moment of inertia of the load and the modulus of
elasticity of the working fluid.

The initial data is based on a hypothesis
regarding the possibility of creating hydraulic trans-
missions with hydraulic motor-wheels of multi-
cycle action in all considered mobile machines.

At the first stage, the transmissions of
vehicles with a movement speed of up to 40
km/h were considered, in particular, the "Nilfisk
MV4500" utility cleaning machine, the H20-
Linde forklift and the Weidemann-9080 and T-
156B front loaders produced by KhTZ [16].

Table 2 shows the initial data of vehicles and
the results of calculation of transmissions for
them using radial-piston hydraulic motor-wheels
(HMW) of multi-cycle action. When calculating
the initial parameters of transmissions, in
particular, the values of the hydraulic parameters
of the hydraulic motor-wheels, the appropriate
formulas are used [7, 9]:

rotation frequency of the hydraulic motor-
wheel (hub):

Mo = 60— =

hmw.max T ire rpm (1)
—_ 103 Vmax — 3Vmax , '

3600 r-d d

tire tire

where v, — the maximum speed of the car,
km/h; d.. . — outer diameter of the tire, m;

tire
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the maximum torque of the hydraulic motor-
wheel, which ensures the movement of the
machine with the maximum traction force:

_10°F, Y N, @)
ma><2

T :
-z

hmw.max

working volume of the hydraulic motor:

— 2z 'Thmw.max C1,1,13 (3)
Ap, 17

hmw

hmw.hm

where Ap, — pressure drop on the hydraulic

where F, - traction force of the machine, kN;
Z — the number of hydraulic motor-wheels;

Table 2. Initial data and calculation results of mobile transmissions machines with radial-piston hydraulic motor-

motor,

MPa; 7 -

hmw.hm

hydromechanical

efficiency of the hydraulic motor.

wheels

Parameters. dimension Type of transport and technological means:

' Nilfisk MV4500 | H20-Linde Weidemann- 9080 | T-156B
dy. [M/z] 0.812/4 0.456/2 1304/4 1.605/4
v, [km/h] 32 18,5 40 30.14
Nyrwmax LIPM] 209 215 163 99.7
Thimwmax [H-M] 562 1619 5705/10432* 12038
Code HMW MCR3-A220 MCR3-A400 MHP20 MHP27
Vi catatog [€M°] 160/80/2 400/200/2 1821/354/4 2434/608/4
AP, operating | AP axrse [MPa] 17/40 31/40 20/37*/50 37/50
My, (K9] 28 28 180 240
M. mas 759 (v,) LM 620 350 350 252
Vmax.possible [km/h] 95 30,2 86 76

Notes: 1.*) — The mass of the car with a trailer; 2. AP, .ine | APz

at the given value of the torque T,
catalog; 3. m,,,, — mass of hydraulic motor-wheel;

mw.max ?

— calculated pressure of the HMW

under the line is the maximum pressure of the HMW according to the

4. Ny maxTsp (v, — the maximum frequency of rotation of the HMW at its minimum working volume according

to the catalog; 5. In the notation of working volumes of HMW, their minimum values and the number of

adjustment steps are given under dashes, respectively.

After choosing from the catalog the working
volume V, of the hydraulic motor,

hmw.catalog

determine the actual pressure drop in the

hydraulic drive of the transmission:

_ 27 'Thmw.max  MPa. (4)

p,\Loperating - V.

hmw.catalog 'nhmw.hm

Using the value of the maximum speed of
rotation of the hydraulic motor-wheels
according to the catalog and at the minimum
working volume  ny., o rsp» the maximum

possible speed of the machine is found:

nhmw.max.TSP(V ) dtire
Vmax.possible = 5 3 ’ km/h (5)

We will also give the formulas needed to
calculate the transmission, in particular the
output power of the hydraulic motor-wheel:

thw _ Thmw M CKW: (6)
9550

and the theoretical flow rate of the pump (or
pumps) of the hydraulic transmission:
g, =10~ N, Vi - 2, Ipm. (7
According to the results of preliminary
calculations by traction-speed characteristic, it
was established that the class of machines in
guestion requires transmissions to create traction
forces of up to 60 kN and speeds of up to 40
km/h, with the prospect of increasing it. To
implement these requirements, a HMW with a
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torque of up to 12 kN.m and a hub rotation
frequency corresponding to the speed is
required. For example, to increase the speed of
T-156B loaders, it is necessary to have hydraulic
motor-wheels with a rotation frequency higher
than 100 rpm, and for loaders of foreign
production, the frontal Weidemann-9080 is
higher than 163 rpm, for the fork H20-Linde is
higher than 215 rpm. It goes without saying that
the rotation frequencies of the hubs are related
to the diameters of the used wheels of transport
and technological vehicles. Therefore, we will
consider modern possibilities of hydraulic
motor-wheels, based on the above requirements
as basic. Based on the results of this review, that
is, the specific characteristics of hydraulic
motor-wheels in terms of torques and rotation
frequencies, it is possible to draw a conclusion
about the possibility of practical application of
hydraulic motor-wheels. Such data are given in
the lower part of the table using radial piston
hydraulic motors of the companies "Rexroth-
Bosch Group” (hydraulic motors MCR3) and
"Poclain Hydraulics" (hydraulic motors MHP).
It was established that these hydraulic
motors make it possible to increase the speed
of the machines in question by 1.6-3 times,
which is quite a significant indicator. Rejection
of intermediate planetary gearboxes also helps
to increase the efficiency of the hydraulic
motor-wheels, and the equipment with brakes

for parking and working modes simplifies the
manufacturing technology of the hydraulic
transmission. Attention should also be paid to
the use of a radial-piston hydraulic motor with
an adjustable working volume instead of a
gerotor in the transmission of the "Nilfisk
MV4500" machine. Such a transition helps to
reduce the installed capacity of the axial piston
pump, more precisely, to reduce its working
volume when designing the transmission due to
the fact that increasing the speed of the
machine is achieved by reducing the working
volume of the hydraulic motor and meets the
requirements of the of vehicles.

Next, we will consider the possibility of
using hydraulic motor-wheels in high-speed
machines and work in difficult road conditions.
The following transmission requirements are set
for a multi-axle vehicle: maximum traction force
when moving uphill F = 440 kN, maximum

speed up to v, = 90 km/h (n,,,na = 469 rpm),

number of driving wheels z= 8, maximum
torque of one wheel T, ..« = 28 KN.m, diameter

of the driving wheel d;,, =1.02 m.

In fig. 2 presents the structural diagrams of
the transmissions of the vehicle with motor-
wheels, which must fulfill the following
requirements. At the same time, we will
consider hydraulic and electric motors as
motor-wheels.

Service brake SB

1. Hydraulic motor MHP27-Poclain:
V = 3526 cm’; Ap=45 MPa;
T=22.7 kN.m; n=178 rpm.

L.

2. Hydraulic motor MHP20-Poclain: paking brake PB

V=1416 cm’; "
Ap=30.8 MPa; E
T=6.2kN.m; :
n=4335 rpm. PB—é

3. Electric motor EM61-Nissan:
T= 280 N.m (max);
n= 10500 rpm (max); P= 75 kW.

Gearbox
i=1.3;i=0.375

=l

On-board gearbox
£

':

(EHE

—Gewbor IS hy
i=1.0; i =0.18 -
On-board gearbox
Gearbox :
=il=REt] =
i=25;i=4

Fig. 2. Variants of motor-wheel application in a multi-axle vehicle

High-torque radial-piston hydraulic motor-
wheels of multi-cycle action with step-by-step
regulation of the working volume allow to
create a transmission in two versions. In the
first version with the hydraulic motor M1, it is
possible to abandon the on-board gear and
limit yourself to the use of a gear box with

steps i 1.3 in the displacement mode
i = 0.375 (multiplication gear) at maximum
speeds. The MHP27-Poclain (M1) wheel
hydraulic motor with a working volume of
3526 c¢cm?® provides a displacement torque of
22.7 kN.m at a pressure of 45 MPa, and to
achieve the maximum speed of the vehicle, a
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multiplying gear is used and the working
volume of the hydraulic motor is reduced in
four times.

In the second variant, the hydraulic motor
M2 with a reduced working volume of MHP20-
Poclain to 1416 cm® can be used, but it requires
the preservation of the on-board gear (i = 5)
and the gearbox with i =1.0and i =0.18. The
hydraulic motor develops a torque of 6.2 kN.m
at a pressure drop of up to 31 MPa, that is, it
has a significant reserve in terms of durability,
since the maximum pressure for the hydraulic
motor is 50 MPa.

Hydraulic motor-wheels are delivered complete
with brakes of parking PB and of service SB types,
which simplifies the production of the vehicle.

In connection with the limitations of existing
electric motors for such a torque, a combination in
the form of "electric motor-two-stage gearbox-on-
board gearbox" is proposed. When using an
electric motor with a torque of 250 N.m, the
traction-speed characteristic  requirements in
shifting mode are solved using the maximum gear
ratio i = 125, during high-speed transport, the gear
ratio must be reduced to i = 20 with the help of a
gearbox.

A feature of the designs is the step-by-step
adjustment of the working volume of the hydraulic
motor, in order to work out the traction-speed
characteristics of the transmission, the introduction
of synchronization of the adjustment modes of the
hydraulic motor and the pump is required. Such a
function can be performed by an electronic unit
with simultaneous adjustment of the pump supply
using feedback from the speed of the mobile
machine and the pressure in the hydraulic drive.

It should also be noted that in the hydraulic
schematic diagram of the transmission, it is
necessary to provide means to prevent wheel
slippage, and the company "Poclain
Hydraulics" [17] has a lot of experience in this
direction.

As an example of a dynamic analysis of a
hydraulic transmission, consider the utility
vehicle "Nilfisk MV4500". The transmission
consists of four "DANFOSS" OMSB gerotor
hydraulic motors with a working volume of
200 cm®. Hydraulic motors with a mass of 18
kg develop a maximum final torque of 2600
N.m at a pressure of 30 MPa and have a
rotation frequency of up to 240 rpm.
Hydraulic motors are equipped with a built-in
drum brake. The operation of the transmission
in a closed circuit of the circulation of the
working fluid is provided by an axial piston
pump with a maximum working volume of
64.7 cm®, a rotation drive from an internal
combustion engine with a frequency of up to
3100 rpm and an output power of 83 kW. The
hydrostatic ~ transmission  provides  the
maximum transport speed of the machine of
32 km/h, and in technological mode up to 19
km/h. It should be noted that, in principle,
such a gerotor hydraulic motor, which has a
maximum rotation frequency of 400 rpm,
makes it possible to increase the speed of the
machine to 61,2 km/h.

In fig. 3 shows the calculation scheme for
determining the dynamic characteristics of the
"Nilfisk MV4500" hydrostatic transmission.
The designations of the parameters are given
when considering the mathematical model.

Viube (D:1) g2 = g4 DI
3 4 - 4q1 .ext.leak
5 " Lint leaks .ext.leaks

g2int.leaks B p 4Aq]d(j q_ T i S_ — //_|]_|

rz A4 e {2 ext leaks r 44q 1def / e

-—= t 1114 j):,
O =277, Su
L - B Ap=p2-p2enter Lo — B o
< P2enter

Fig. 3. Calculation diagram of the hydrostatic transmission of the "Nilfisk MV4500" machine

The mathematical model of the change in the
dynamic characteristics of the hydrostatic
transmission considers time-dependent
parameters: the frequency of rotation of the
hydraulic motor-wheels, the pressure in the
hydraulic system, the speed of the machine and

its useful power. We will use the mathematical
model of transmissions with hydraulic motors,
built on the basis of Pascal's law and the
continuity equation for the working fluid, as
well as Newton's third law of mechanics [11].
At the same time, assumptions are made: the
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bulk  modulus, temperature, density, and
viscosity of the liquid are constant values; the
moment of inertia is assumed to be constant;
wave processes in the pipelines are not taken
into account due to their small length (the pump
and hydraulic motors are connected by fairly
short high-pressure hoses); the pressure at the
output of the hydraulic motor (at the drain) is
equal to the pressure developed by the feed
pump and is assumed to be constant.

Thus, the expressions for the pressure drop
Ap,, [MPa] and the frequency of rotation of the

hydraulic motor n, [rpm] have the form:

AP, = [ [0, (1) =207V, (1) - 0, (1) -

. ®
_C(1+2).Ieaks P (t)] Vtu; d
t 3
n = J‘3.6 10 8
0 Jl
»(9)

1
><|:2 Vl,i (t) : ( pz - pZentr) “hhm _Tl:| dt
T

where @,,.=0,,-¢ — pump supply (flow) at a

given relative angle of rotation of the inclined
disc, which deviates in both directions from the
neutral position in relative values e=0...+1,

I/min; q,, =107V, -n, — theoretical pump supply
with maximum working volume V, [cm?] and
rotation frequency n, [rpm] without taking into
account leaks, I/min; V, — working volume of the
hydraulic motor, cm3; C,,, . — Coefficient of
total external and internal fluid leaks of the
hydraulic motor Agq,.,. and pump AQ,.
I/(MPa.min); V,,, — volume of liquid in the
inlet (high-pressure) cavity (pipeline) of the
hydraulic motor with internal diameter D
[mm] and length L [m], dm3; K, - the
modulus of elasticity of the liquid, which causes
its deformation flow Aq,, in the pipeline with a

volume of V,,., MPa; J — final moment of

inertia, reduced to the shaft of the hydraulic
motor, kg.m2; p, 1 p,.,, — the pressure in the
pump injection and fluid drain lines,
respectively, MPa; 7, - hydromechanical
efficiency of the hydraulic motor; T, — torque of
resistance (external load), N.m.

The given equations show that when
evaluating the dynamic characteristics of the
hydraulic drive, the time-varying and
predetermined parameters are: the moment of
resistance of the external load T,; pump

supply d,,.; the working volume of the

hydraulic motor V, and the efficiency of the

pump and the hydraulic motor.

To solve differential equations (8) and (9),
we use the VisSim application program
package [9, 18] and choose the Runge-Kutta
integration method of the fourth order with
discreteness A=0.001c.

We will also write down the formulas for
calculating leakage coefficients due to the
value of the volumetric efficiency of the

pump:

9, Oz, — quleaks . quleaks .

n == 5
# qZT q2T q2'r
AGpieas = U 1 =My ) (10)
C AQpeaks s 1-ny)
2.leaks - '
p2 + p29ntr p2 + pZentr

and volumetric efficiency of the hydraulic
motor:

qlT .
qlT + AQIIeaks

My “ O + My~ Aljears = Gy

Ty =

1 : 11
Aqlleaks = qlr { _1] ! ( )
v
Aq eaks T 1
Cl.leaks = Heak = ql ( _1];
p2 + pZentr p2 + p2entr an

where  Q,, =10°V,,-n, -  theoretical

consumption of a hydraulic motor with a
working volume [cm3] at its rotation
frequency [rpm], I/min;

For input into the VisSim block diagrams,
we will present the value of the final leakage
coefficient of the pump and the hydraulic
motor in the following form:

C(1+2).Ieaks =C

1.leaks + C2.Ieaks =

1
qlT [_1j+qzr (1—1]2\/) ' (12)
Ty

p2 + pZentr
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In fig. 4 shows the oscillograms for
calculating the dynamics and modeling of the
hydrostatic transmission of a utility vehicle,
which consist of oscillograms with parameter
assignments: 1 — pump feed; 2 — external load
(torque on the hub); 3 — hydromechanical

efficiency of the hydraulic motor, and
oscillograms based on the results of
differential equation calculations:

4 — frequency of rotation of the hydraulic
motor-wheel; 5 and 6 — pressure and useful
power of the hydraulic drive, respectively. If
the value of the pump supply and the torque of
the hydraulic motor is the result of the
traction-speed calculation according to the
technical characteristics of the utility vehicle,
then the value of the hydromechanical
efficiency is taken from the universal
characteristics of the gerotor hydraulic motor
according to the data of the catalog [19]. To
determine the hydromechanical efficiency
according to the data on the torque graph at a
constant pressure drop Ap= 21 MPa and at

different values of the rotation frequency of

the hydraulic motor, we use the following
formula:

In fig. 5 shows the dependence of the
pressure  fluctuation in the hydrostatic
transmission on the time of increase of the
shifting moment of the utility vehicle. At a set
pressure value of 23 MPa, the shift modes are
characterized by an increase in pressure up to
33 MPa (a), 24.5 MPa (b) and practically no
increase in pressure (c). All these regimes were
simulated when the pump flow rate increased to
50 I/min in 3 s, and the load increased in 0.001 s
(a), 0.01 s (b), and 0.1 s (c). Undoubtedly, the
data on the increase in torque during
displacement need experimental verification.

In fig. 6 shows graphs of pressure
fluctuations in the hydrostatic transmission at
three values of the elastic modulus K, of the

working fluid: a — 500 MPa; b — 750 MPa;
¢ — 1500 MPa. The last value corresponds to air
cleaned of undissolved particles. All
oscillograms are given at the same value of the
load torque increase in the hydraulic motor of
0.001 s. The set pressure value is 23 MPa, and
extreme values reach 38 MPa (a), 37 MPa (b)
and 33 MPa (c). Also, the time of pressure
fluctuations changes from 0.05 s to 0.02 s, that
is, more than twice and which makes it possible
to draw a conclusion about thorough cleaning of

o= 27 Tow 13 the working fluid during the operation of the
N, LA (13) hydrostatic transmission.
Lqv] Effic. hm
a] = o | @ 13 [o|[@[=
» = 100f- / L z M= /
z / = R 5 80
'b 0 1 -B 0 1 ‘b .'J 1
0 10 20 0 10 20 0 10 20
P Time (sec) P Time (sec) P Time (sec)
[ |
== 2 L I-D 5 (o] @[ bioe (e
~ 300 - 30 N = = —
R RT N - E L o N— L |4
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Fig. 4. Oscillograms of dynamic calculations of hydrostatic transmission communal cleaning machine
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Fig. 5. Pressure fluctuations in the hydrostatic transmission depending on the time of torque growth
when moving the communal cleaning machine
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Fig. 6. Pressure fluctuations in the hydrostatic transmission depending on the modulus of elasticity of

the working fluid

Conclusion

Analysis of modern achievements in improving
the speed characteristics of radial-piston
hydraulic motor-wheels and calculations of
hydrostatic transmission for wheeled tractors,
loaders, and cleaning utility vehicles make it
possible to draw a conclusion about the
prospects of this direction.

For mobile machines with a traction force of
up to 60 kN and a maximum speed of more than
40 km/h, in particular wheeled tractors and
loaders, it is possible to use radial-piston
hydromotor-wheels in the gearless version. For
multi-axle vehicles with a traction force of up to
440 kN and a speed of more than 90 km/h a
hydraulic motor-wheel combination with a two-
speed foam gearbox is required, and
transmissions with electric motors have the
same disadvantages.

Modeling the dynamics of the hydrostatic
transmission with the help of calculations in the
VisSim package made it possible to establish
modes of pressure fluctuations increased by
1.5-2 times relative to the established mode
depending on the speed of the external load and
the decrease in the modulus of elasticity of the
working fluid when it is not purified from
undissolved particles air.

Further actions regarding the practical use of
radial-piston hydraulic motor-wheels in the
hydrostatic transmissions of high-speed mobile
machines should be based on the results of
functional-cost analysis and experimental
studies.
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Mooenweanna o6mexiceHb WO00 3ACMOCYBAHHA
2iopomomop-xkonec 6 mpancmiciax MooOiIbHUX
Mauwiun

Anomauyia. Ilpoonema. Cmeopenns MmoOitbHUX
MawiuH 3 niosuueHuMU UWBUOKOCAMU
nepecy@amHsa UMA2a€ KOHCMPYKMUBHUX pilleHb
wooo CcmEOPEeHHs  GIONOGIOHUX  MPAHCMICIU,
30Kpema  auanizy MOJNCIUBOCT  CINEOPEHHS.
2i0pagniuHux — bGe3cmyneHesux  mpaHcmiciu 3
BUKOPUCMAHHAM 2I0POMOMOPI6 PIZHUX MUNIs.
Mema. Hiosuwennsa MexXHIiuH020 pisns
MPAHCMICIll KOMYHANbHUX, 0Y0i8e1bHO-00PONCHIX
Mauwun ma bazamosicHux WBUOKICHUX
MPAHCHOPMHUX 3AC00I8 30 0ONOMO2010 DOCAHEHD
6 cyuacHux 006’ eMHUX eioponpusooax.
Memooonozis. Poszenanymi
MOOIIbHUX MAWUH 3 MOYKU 30pY MONCIUBOCHLE
BUKOPUCMAHHS 68 HUX padialbHONOPUIHEBUX
eiopomomopie  bazamoyukioeoi O0ii 6 saxocmi
bespedykmoprnux  eiopomomop-xkonec.  32i0HO
MsA2080-UEUOKICHUX xapakxmepucmux
PO3DAX0BAHI 3HAYEHHS KPYMHUX MOMeHmie ma
yacmom  obepmanus ~ Mamouuw I 00OpaHi
2iopomomop-Koneca 3a 8i0NOGIOHUMU POOOUUMU
ob’emamu. B axkocmi npukiada nposedeni
PO3DAXYHKU OuHaMiKu
mpancmicii npubuUparvbHoOi KOMYHAAbHOI MAWUHU
3a 00NOMO20I0 naxkemy HNPUKIAOHUX NPOSPAM
VisSim, de guKopucmanu YHIGepcanbHy
XapakmepucmuxKy 2epomopHo2o  2i0pomomopa
015l 3a80aHHA eiopomexaniunoeo KKJ[ Ha

pedxcumax 6i0 3pYUly8anHs 00 MAKCUMALbHOT

yacmomu obepmanns. Pezynomamu. Ompumanu
no3UmMueHi  pesyibmamu w000  NiO8UUeHHs
WUOKOCMI MOOIIbHUX MAWUH NPU 3ACMOCYBAHHI
2iopomomop-konec
bacamoyuxnogoi 0ii 6 mpaucmiciax 3amicme
2epOMOpPHUX 2I0POMOMOPIB, AKCIATbHONOPULEBUX
3 naaHemapHumMu peoykmopamu 2iopomomopis,
2i0pasnivHux mpaucmicii 3 KApOAHHUMU 8ANAMU §
MeXaHIYHUX Mpancmicii.

Opuzinansnicme. Ompumani HOBI PO3PAXYHKOBI
oani  wooo BUXIOHUX  Xapaxmepucmux
mpancmiciti 3 2iOponpueoooM, nokasawi
MOACIUBOCMIT MOOENIOBAHHS OUHAMIYHUX NPOYECi8

6 2ioponpugodi mpancmicii 3anedxdcho 8i0 Oil

306HIWHIX  (Dakmopie w000 HABGAHMAICEHHS,
weuodkodi i eracmusocmi  pob6ouoi  piouHuU.
Bcmanosneno, wo ons bazamoegicHux

mpancmicii

2ioponpugoouoi

PpaodianbHONOPUHEe8oi

MOMOp-KONeC ereKmpuyHo2o abo 2i0pasiiinozo
munie nompebyc OONOBHEHHS NIAHEMAPHUMU
Kopobkamu nepeoaw 3 pedykmopamu — abo
mynomunaukamopamu. Ilpakmuune 3nauenns.
Ilpuseodeni pexomenoayii wooo 3acmMoOCy8aHHs
PaodiarbHONOPUIHEBUX be3pedyKkmopHux
2I0pOMOmMOp-KONieC 6 MOOIIbHUX MAWUHAX 3
Memoio Ni0BUWeHHs IX MeXHIYHO20 PiGHsi.

Kntrouosi cnosa: mpancnopmuuil 3acib, mpancmicis,
2I0pOMOMOp-KONeco, KPYMHULL MOMEHM, Hacmoma
obepmanHs, OuHamiyHi po3paxyuku, nakem VisSim
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