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electrostatic interaction. Such structures "align" the friction surface by reducing the arithmetic mean deviation of
the profile points Ra and increasing the average pitch of the inequalities along the midline of the profile Sm.

The results of the Fourier analysis, which allow us to state that the use of a fullerene composition leads
to a decrease in the main stress vector in both steel and bronze triboelements in accordance with the vector of the
sliding direction. When using the fullerene composition, the level of anisotropy of the subblocks of the structure
increases significantly, almost 2 times, which indicates the transition of the tribosystem to a new, higher level of
self-organization.

After chemical analysis of the friction surfaces using a fullerene composition, it was found that on the
friction surface there is a structure with a high carbon content. This result confirms the working hypothesis that it
is a "crosslinked" structure of micelles, where the nucleus of the micelle is a molecule, or several molecules of
fullerene, to which are attached molecules of oleic acid solvent. This conclusion is confirmed by the increase in
the percentage of carbon C = 24,3...29,2 %, while reducing the percentage of oxygen from 18,4 % to 7,4 %.
The latter chemical elements remain almost unchanged. This result allows us to conclude that a structure is
formed on the friction surface, which contains the chemical element carbon, the ratio of which significantly
exceeds other chemical elements..
tribosystem, servite film, fullerene compositions, clusters, micelles, Fourier analysis, stress vector,
chemical analysis of friction surfaces
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Modeling of Working Processes of an Adjustable APN
Type PVC 1.85 Taking Into Account Parametric
Oscillations

The paper presents the calculation results of the two mathematical models of the variable displacement
axial piston pumps PVC 1.85. In the first mathematical model of the pistons averaged force was used, the
application point of which corresponds to the offset of the swash plate’s swivel axis. In the second mathematical
model the parametric change of the pistons consolidated force magnitude and the coordinates of its application
point was taken into account.
variable displacement axial piston pump, flow rate characteristics, the swash plate swivel axis, moment of
pistons consolidated force, pressure pulsation

Statement of the problem. Energy saving and the increasing of the economic
efficiency are the fundamental trends in the development of modern multipurpose mobile
machines, including agricultural, constructional, road-building, etc. This is done with the help
of energy supply activation to the working parts’ driving units, productivity and operating
speeds enhancement, extension of machines’ technological capabilities, minimization of the
number and the power of the drive engines. These tasks are most efficiently solved by using
hydraulic power for the operating units’ drives [1].

© Serhiy Shargorodskyi, Volodymyr Rutkevych, Vadym Zakrevskyi, 2021
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Analysis of recent research and publications. Currently, the load-sensitive
LS-hydraulic systems are widely used in order to improve the efficiency of the hydraulic
systems and mobile machines, in process of using of the hydraulic drives of the working
parts. These hydraulic systems are capable for a flexible providing of the working fluid to the
several executive hydraulic engines according to their needs with a single pump [2, 3]. In the
most cases, the level of the technical characteristics of the LS-hydraulic systems is determined
by the quality indicators of the hydraulic equipment components, first of all, by the variable
displacement pumps that provide the appropriate supply of the working fluid to each
hydraulic motors of the LS-hydraulic system. Variable displacement axial piston pumps are
frequently used, as pumping units of the LS-hydraulic systems. In this case, adjustable axial
rotary piston pumps with a swash plate enjoy the priority usage [1]. The pumps of this design
are relatively simple compared to the other types of the pumps, while the range of the control
of the working fluid supply fully satisfies the consumers.

These factors determine the interest of the world leading firms such as Bosch Rexroth,
Danfoss, Parker Hannifin, Eaton and others to develop the production and improve the design
of the pumps of this type [4-6]. Currently, the enterprises of Ukraine pay the considerable
attention to the development in this area. PrJSCHydrosila APM has achieved the most notable
results. The company pays considerable attention to the reducing of the level of the
volumetric and mechanical losses, the reducing of the ripple of the flow rate and pressure, the
improving of the quality of the static and dynamic characteristics [7].

At present time, the manufacturers of the hydraulic machines of this type pay the
considerable attention to the increasing of the nominal pressure, the expanding of the working
temperature range, the improving of the quality of the static and dynamic characteristics.
Successful solution of these problems requires many efforts in such scientific fields as the
material science, the developing of the design and the engineering technologies of the
implementing hydraulic machines, the future developing of a scientific approach in the
selection of the parameters of the hydraulic machines. Therefore, the development of the
scientifically based methods for the selecting of the rational values of the wvariable
displacement axial piston pumps parameters is a task of a current interest.

Statement of the problem. The purpose of this work is to study the static
characteristics of the variable displacement axial piston pump PVC 1 type and to develop the
methods to improve the pump.

Main material. One of the most important characteristics of the variable displacement
axial piston pumps used in the construction of the LS-hydraulic actuators is the relationship
between the pump flow rate and the load (pressure) at the pump output. According to the
modern requirements, the change in the pump flow rate during the increasing of the pressure
from zero to the nominal value should not exceed + 4 % of the nominal flow rate.

PVC 1 series pumps are available in several sizes from PVC 1.18 with a displacement
of 18 cm’® to PVC 1.85 with a displacement of 85 cm®. Along with it, pumps of all sizes are
equipped with the LS-regulators of the PVN 45 type, with different diameters of the control
hydraulic cylinders.

According to the design scheme (Fig. 1), the pump consists of the cylinder block 1 in
which the pistons 2 are installed, a swash plate 3, a drive shaft 7. The pistons have a spherical
heads, which engage in the slippers 8 which fit against the sliding surface of the swash plate.
The pump flow control system consists of the LS-regulator 4, which includes two spool
valves — a control valve and a shut-off valve; a hydraulic cylinder 5, a tilting of the swash
plate 3, and a spring 6 for pressing the swash plate.
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Figure 1 — The design of the variable displacement axial piston pump PVC 1.85
Source: developed by the author [7]

The design feature of the pump is the location of the swash plate is the offset ¢ of the
swash plate swivel axis relatively to the cylinder block rotation axis (offset), shown on a
calculating scheme (Fig. 2), which is used in the research. As a result, the pistons exercise a
force on the swash plate, aimed to turn the swash plate in the direction of increasing of the
inclination angle ¢ from the vertical axis and increasing of the pump flow rate appropriately.

On the basis of the calculating scheme (Fig. 2), a mathematical model was drawn up
describing the work process of the pump as part of the LS-hydro power drive, with taking into
the account the signal from the hydraulic motor to the LS-regulator [8]. The significant
influence of the spool pairs clearance of the LS-regulator on static characteristics quality of
the pump unit had been shown and was taken into the account by the manufacturer, and the
arrangements to stabilize the radial clearance in spool pairs between 0,004 mm and 0,006 mm
were implemented.

lood sense
aressure

Figure 2 — The calculating scheme of the variable displacement axial piston pump PVC 1.85
Sourse: obtained by authors
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At the same time, it is important to clarify the nature of the pump parameters’
influence on its static characteristics. It should be noted, that there is no method for the
choosing of the offset value, based on the results of the pump static characteristics research.
The offset value significantly influences the operation of the pump flow rate control
mechanism, determining the torque value, which action is directed on increasing the swash
plate inclination angle y and the pump flow rate respectively. As it was already noted, the
decreasing of the flow rate is provided by the action of the control hydraulic cylinder piston 5
(Fig. 1) on the swash plate 3.

The Fig. 3 shows the static characteristics that represent the dependences of the pump
flow rate on the outlet pressure prs of the LS throttle, connected to the input of the
corresponding hydropower drive, calculated for the pump PVC 1.85 with the displacement of
85 c¢cm’ and the nominal pressure pom» =210 bar under the condition of the using of the
LS- throttle in accordance with: the pump shaft rotational speed » = 1500 rpm, the volume of
the hydraulic line connecting the pump output to the LS throttle W = 40 cm’, the hole
diameter in the LS throttle d,s = 6 mm, the initial swash plate inclination angle ¢ = 18°,
spools diameter d; = 7 mm, the spool pairs radial clearance 0 = 0,004 mm, the moment of the
inertia reduced to the pump shaft /= 13,6 kg~m2, the overlapping of the working windows of
the LS-regulator spools I, = I, = 1,4 mm, the diameter of the control hydraulic cylinder
d. = 24,72 mm, the working fluid viscosity v = 19,3 cSt, which corresponds to the viscosity of
the hydraulic oil HM 46 at the temperature of 60°C.

74.0 . o b - nha| |Bfs] [BfF
£=T7 mm £=5mm \___; 1 3681 |
i 1 e —
L 1. e
73.5 s A am T3S L AR TN TFIT
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E \ | E £=Tmmn 3
= 730 sl - . fis =730 \ I \
o < : o iy 2= Smm
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(a) Spools clearance 6 =4 um (b) Spools clearance = 16 pm

Figure 3 — The static characteristics curves of the pump PVC 1.85 for different offset values
Sourse: obtained by authors

The static characteristics have been calculated at the various offset ¢ values that were
equal to 1 mm, 3 mm, 5 mm and 7 mm respectively.

The value of the offset & significantly changes the nature of the pistons force action to
the swash plate [9]. The value of the arising moment, that is aimed to increase the swash plate
inclination angle, rises accordingly to the offset € value increasing. In the process of this static
characteristic calculating we have assumed that the consolidated action force of the cylinder
block pistons was constant and applied at the offset ¢ level.

The starting point of the static characteristics at the pressure value prs = 0 bar
corresponds to the work of the executive hydraulic motor without a load. At the same time,
the LS-hydraulic power drive operational principle provides the 20 bar of a pressure
difference in the LS-throttle. The difference between the pump flow rate values at the initial
pressure is correspondingly determined by the different force effects exerted by the pistons of
the cylinder block acting on the swash plate; by the various torques aimed to increase the
pump flow rate at the different offset ¢ values.
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The maximum value of the pump flow rate Q = 73,78 I/min has been obtained at the
offset ¢ = 7 mm. The minimum value of the pump flow rate Q = 72,86 I/min corresponds to
the offset ¢ = 1 mm. Mismatch of the pump flow rates at the pointed offsets reaches 1,25 %.
Wherein the static characteristics have been calculated for the offsets ¢ equal to 5 mm and
7 mm were practically stable over the entire range of the pressure variation. Along with it, at
the offsets ¢ equal to 1 mm and 3 mm, the pump flow rate decreases as the pressure pis
increases at the output of the LS-throttle. At the pump outlet nominal pressure, the pump flow
rate decreasing at the offset ¢ = 1 mm reaches 2 % compared to the pump flow value at the
offset ¢ = 7 mm. Note, that this result has been obtained when there was a minimum clearance
in the spool pairs of the LS-regulator, equal to 0 = 0,004 mm.

In the case of the increasing of the LS-regulator spool pairs radial clearance to
0 = 0,016 mm, which is close to the existing technical conditions for the spool pairs
production, the static characteristics have the form shown in the Fig. 3, b. In this case, at the
offset ¢ values equal to 5 mm and 7 mm, the pump flow rate is stable over the entire range of
the pressure variation pzs. Along with it, at the offset ¢ = 1 mm, the drop in the pump flow
rate at the nominal pressure at the outlet of the pump reaches 3,5 %, which approaches to the
maximum permissible values.

Analysis of the pump flow control system operation revealed the peculiarities of the
force effect of the cylinder block pistons to the swash plate during the pump flow rate
changing process. The parametric dependence of the clamp by the consolidate force of the
cylinder block pistons of the swash plate was studied by Bashta and al. [9]. The refined nature
of this relationship was studied in article [10](Fig. 4). The authors have also identified the
variable position of the application point of the consolidate force of the swash plate clamping,
which changes during the cylinder block rotation. As a result, the value of the moment
oscillation amplitude of the swash plate reversal in the direction of the pump flow rate
increasing, caused by the action of the pistons consolidate force, for the pump PVC 1.85
reaches 325 N-m. It has been shown that the minimum and maximum reversal moment values
of the swash plate substantially depend on the offset £ value. At the offset e< 5 mm, negative
values of the consolidated force moment may appear, that are directed towards the decreasing
of the swash plate inclination angle, i.e. the reverse of the swash plate is replaced by its
obverse (Fig. 4) [9].

400,00
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300,00
250,00
200,00
150,00
100,00

50,00

=3 mm
—= =4 mm

=& =3mm

Moment o combined lorces

0,00 B A A N A ae

so00 9.2 4 6 8101214 [6 8 2224 26 28 30 32 343638 40 ©°
-100,00
-150.00
Angular position of the cvlinder block
Figure 4 — Correlation between angular position of the cylinder block and the consolidate force
moment that works on the swash plate

Sourse: obtained by authors

In the pump PVC 1.85 static characteristics calculations (Fig. 3), the averaged value of
the piston consolidated force moment on the swash plate has been taken into the account, the
application point of which according to [9] was also constant and was at the offset level. It is
as well obvious that significant amplitude fluctuations in the moment of pistons reduced force
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(the fluctuations frequency is 450 Hz at a cylinder block nominal speed » = 1500 rpm) cause
corresponding swash plate oscillations. Along with it, as it is shown in Fig. 4, at the small
offset ¢ values, a periodic moment change of the piston consolidated force on the swash plate
causes the opposite effect. The indicated moment changes the sign and thus coincides in the
direction with the moment created by the control hydraulic cylinder, which can cause the
opposite effect. This fact makes it necessary to study the influence of the parametric
dependence of the moment of the pistons consolidated force action on the swash plate on the
cylinder block angular position on this type pumps characteristics.

The static characteristics of the PVC 1.85 pump have been calculated using the
mathematical model, described in article [8], taking into account the parametric dependence
of the moment of the pistons consolidate force to the swash plate on the cylinder block
angular position, described in [10].

The Fig. 5 shows the static characteristics of the pump PVC 1.85, calculated with the
regard on the parametric dependence of the piston consolidated force moment on the swash
plate on the angular position of the cylinder block at different offset values.

The Fig. 5, a, shows the static characteristics have been calculated with the offset
¢ equal to 1 mm, 3 mm, Smm and 7 mm. The parameters of the considered pump correspond
to those pointed above for the Fig. 3. The radial clearance in the spool pairs is 0,004 mm.

It has been shown above that regarding the pistons consolidated force moment on the
swash plate in the form of average value for a given value of the radial clearance, the static
characteristics have significant stability. Along with it, consideration of the parametric
dependence of the pistons consolidated force moment causes significant differences in the
pump PVC 1.85 static characteristics.

5 75

£y 72{94 THE3 72174 T266 359 T3
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Pump flow rate Q (I/min)
2

£=1mm /
48193

0 30 60 90 120 150 180 210
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Figure 5 — The static characteristics curves of the pump PVC 1.85 for different offset values,
with the regard of the moment pulsation of the pistons consolidate force
Sourse: obtained by authors

At the offset ¢ values equal to 5 mm and 7 mm, the flow rate reduction does not
exceed 1,5 % with the pressure p;s increasing from the minimum value to the nominal one.
At the same time, the significant pump flow rate reduction occurs when the pump outlet
pressure increases at the offset 1 mm and 3 mm. In the case, when the offset ¢ = 3 mm, the
pump flow reduction reaches 11,3 %, and at the offset ¢ = 1 mm the decreasing of the pump
flow reaches 32,7 %. These values of the pump flow rate reducing indicate to non-compliance
with pump specifications at the assigned offset values. Taking this into the account, the
manufacturer of these pumps stopped using the previously assigned offset equal to 4 mm and
set the offset equal to 5 mm into the swash plate design.
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The Fig. 5, b, shows the static characteristics of the pump PVC 1.85, calculated with
regard on the parametric dependence of the pistons consolidated force moment on the swash
plate with the offset ¢ values 1 mm, 3 mm, 5 mm and 7 mm. In this case, it has been assumed
that the radial clearances in the LS-regulator were 0 = 0,016 mm. The remaining pump
parameters have the values as defined above.

The static characteristics of the pump PVC 1.85 in this case have changed slightly.
The smallest change in the pump flow rate with the pressure p.s increasing corresponds to the
offset ¢ value equal 7 mm. The pump flow rate drop does not exceed 0,6 %. At the offset €
value equal 5 mm, the flow rate reduction is at 1,6 % while the output pressure is increased to
the nominal value (p.s =210 bar). In the both cases, the static characteristics level indicates
their insignificant deterioration compared with the static characteristics shown in the Fig. 5, a,
at the spool pairs radial clearance 0 = 0,004 mm.

It should be noted that in this case, the nature of the static characteristics that have
been calculated at the offset values equal to 1 mm and 3 mm, closely coincides with those
shown in the Fig. 5, a, and the differences between them do not exceed 1,5 %.
The static characteristic quality of the pump PVC 1.85 at the offset £ value 1 mm and 3 mm,
with this combination of parameters, does not meet the regulatory requirements, which
determines the inoperability of the pump in this case.

The consideration of the parametric dependence of the pistons consolidated force on
the swash plate has showed a significant effect of the offset ¢ value on the calculation results
of the static characteristics of PVC 1.85 pumps. There is a significant discrepancy between
the results of the static characteristics calculation, considering the moment of the pistons
consolidated force on the swash plate, averaged over the value and independent of the
cylinder block rotation angle, and regarding this moment in the form of a parametric
dependence. This difference allows noting the need to use the characteristics of variable
displacement axial piston pump methods taking into account their features as accurately as
possible in the characteristics calculations. The results of the of static characteristics
calculation are corresponding to the existing experience in this size pumps production at
PrJSCHydrosila APM (Kropyvnytskyi, Ukraine).

The research results show that the pump flow rate stability is enhanced when offset
value increases according to the corresponding static characteristics in the entire operating
outlet pressure range. In this case, a high stability of the pump flow rate should be expected at
the offset values 5 mm and 7 mm. It should be noted, that increasing of the offset from 5 mm
to 7 mm does not give a significant effect, since the calculated accuracy values of the static
characteristics are actually close to the ideal values in this case. Along with it, it should be
noted, that the increasing of the offset leads to the increasing of the pressure in the cavity of
the servo-piston.

The Fig. 6 shows the oscillograms of the pressure fluctuations in the control cylinder
cavity, have been calculated for the different offset ¢ values.
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Figure 6 — Pulsations of the pressure p; in the control cylinder cavity
Sourse: obtained by authors

The oscillogram in the Fig. 6, a, corresponds to the pressure fluctuations in the control
hydraulic cylinder cavity at the offset ¢ value equal 1 mm. The pressure oscillations in the
control hydraulic cylinder cavity have a frequency of 450 Hz, which corresponds to the
frequency of the moment oscillations of the pistons consolidated force on the swash plate.
The maximum pressure does not exceed 66,2 bar. However, it should be noted, that there is a
pressure periodic drop in the control hydraulic cylinder cavity to the zero value in this case. In
the used model, it has been taken into account that the working fluid does not work in the
tension. Thus, the appearance of the zero pressure values may indicate the appearance of a
vacuum in the cylinder cavity, which may cause the development of the cavitation processes.

Fig. 6, b, shows an oscillogram of the pressure fluctuations in the control hydraulic
cylinder cavity, calculated with the offset ¢ value 3 mm. The increasing of the offset value
causes the increasing of the maximum pressure in the cylinder cavity to 102,6 bar. The
frequency of the pressure fluctuations remained unchanged and corresponding to the
frequency of the oscillations of the moment of the pistons consolidated force to the swash
plate. However, in this case, there is a periodic pressure drop to the zero value, which may
mean the possibility of cavitation. The value of the average pressureis 51,3 bar.

With the offset ¢ equal to 5 mm, the average value of the pressure fluctuations in the
control hydraulic cylinder cavity increases to 66 bar (Fig. 6, c). However, there is no pressure
drop to the zero value, which indicates the elimination of the possibility of the cavitation
processes during the control hydraulic cylinder operation.

Increasing of the offset ¢ value up to 7 mm, the average value of the pressure
oscillations in the control hydraulic cylinder cavity (Fig. 6, d) increases to 75 bar. In this case,
the maximum pressure also increases to 150 bar. Thus, increasing of the offset € of the swash
plate swivel axis to 7 mm does not cause a noticeable increasing of the static characteristics
quality. Along with it, pressure increasing in the control hydraulic cylinder cavity causes the
increasing of the volumetric losses during the operation of the LS regulator. It should be
noted, that in the modern analogues of the PVC 1.85 pump, the volumetric losses in the pump
supply control system should not exceed 2,5 — 3,5 I/min.

Conclusions. The simulation results indicate a significant effect of the variable
displacement axial piston pumps PVC 1.85 parameters, such as the clearance in the spool
pairs of the LS-regulator and the swash plate swivel axis offset corresponding to the cylinder
block rotation axis on the static characteristics quality that determine the dependence of the
working fluid supply on the pump outlet pressure.

The manufacture specifications for the spool pairs set the permissible values at which
the clearance in the pairs can exceed 0,02 mm. In this work, the effect of these clearance
dimensions on the stability of the static characteristics has been examined. The requirements
for these clearance values do not allow fluctuations beyond + 4%. It is recommended to set
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the allowable clearance in the spool pairs in the range of 0,004-0,006 mm with a purpose to
ensure the stability of the pump flow rate.

This research investigates the influence of the offset value of the swash plate swivel
axis corresponding to the cylinder block rotation axis on the stability of the pump flow rate.
The static characteristics of the pump have been calculated with the offset values of the swash
plate swivel axis equal to 1 mm, 3 mm, 5 mm and 7 mm. The offset value incrementing of the
swash plate swivel axis increased the stability of the pump flow rate, depending on the
executive hydraulic actuator load. At the offset of the swash plate swivel axis corresponding
to the cylinder block rotation axis equal to 5 mm and 7 mm, the deviation of the pump flow
rate from the given one does not exceed 1,5 %. Along with it, as the offset value decreases to
1 mm and 3 mm, in the case of the pump PVC 1.85, the quality of the static characteristics
deteriorates. The deviation of the pump static characteristics from the set values increases
with the decreasing of the offset of the swash plate swivel axis and with the offset of 1 mm it
can amount up to 30 %, which indicates the unsuitability of this design solution.

In the process of modeling of the variable displacement axial piston pump operation a
comparative studying of the static characteristics, calculated by the different models
describing the mechanism of the pistons consolidated force action formation to a swash plate,
has been performed. In this research the authors used the models of the averaged forces of
pistons, the point of application of which corresponds to the established offset of the swash
plate swivel axis. In the second case, the authors consider a parametric changing of the
magnitude of the pistons consolidated force and the coordinates of its application point. The
comparison of the calculation results indicates a significant difference. So, if the offset values
of the swash plate swivel axis are in the range of 5-7 mm, the results of the static
characteristics calculations, considering different models of the action of the pistons
consolidated force, was hardly distinguishable, then for the small values of the swash plate
swivel axis offsets the differences were significant. For the offset of the swivel axis of 1 mm
the pump flow rate deviation is about 3,5 % in the first model. Along with it, for the
calculation taking into account the parametric changing of the pistons consolidated force the
deviation of the static characteristic from the given one, approaches to the value of 30 % and
it is close enough to the actual characteristics of the pump. According to this, the authors
consider relevant to take into account the changes of the parametric dependences of the pump
parameters when performing calculations on the choice of the variable displacement axial
piston pumps parameters.
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MopenoBanus podouux npouecis peryjasoBanoro AIIH tuny PVC 1.85 3 ypaxyBanusam

mapaMmeTpuiHuxX KOJIMBaHb

B poGoti mpexacrtaBneHi pe3ynbTaTH PO3PAaXyHKY JBOX MAaTeMAaTHUYHHX MOJEIEH peryIbOBaHOTO
akcianpHOTo poTopHO-mopmHeBoro Hacoca PVC 1.85. ¥V mepmi maremaTwdHi MOZeNli BHKOPHUCTOBYBAJIOCS
ycepeaHeHe YCHISHHS MOPITHIB, TOYKA MPUKIIAJaHHs SIKOTO BiAIOBIJAa€ 3CYBY OCi IIOBOPOTY IMOXMIIOTO IUCKA. Y
Ipyri MaTeMaTH4YHI MOJENl BpaxOBYBAJIHMCSA IapaMETPUYHI 3MIHM BEJIMYMHU 3BEACHOI CHIM TOPLIHIB i
KOOpJAUHATH TOYKHU 11 3aCTOCYBaHHSI.

[opiBHSIHHS pe3ybTaTIB PO3pPaxyHKY B JIBOX MOJEISX MOKa3aiH IX 1CTOTHE po3XopKeHHs. Tak, sKio
IpU 3CyBax OCi MMOBOPOTY TOXWJIOTO JTUCKA Ha 5-7 MM pe3ylbTaTH PO3PaxyHKY CTaTHYHHX XapaKTEepHCTHK 3
ypaxyBaHHSM DI3HUX MOAeNeH il 3BelleHOI CHJIM MaJlo BiJPi3HSIOTHCS, TO JJISl MAJIMX 3Ha4YeHb 3MIILEHHS OCi
MIOBOPOTY MOXMJIOTO ¥MCKa BIIMIHHOCTI 3HauHi. SIKIIO AJIs 3MilEeHHS OCi HOBOPOTY B 1 MM mo mepiuiii Mmozaedni
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OTpPUMYEMO NOXMOKY nozayi Hacoca O61u3bKo 3,5 %, TO I po3paxyHKy 3 ypaxyBaHHSIM NapaMeTpHUYHOl 3MiHH
3BEJCHOI CHWJIM TOPILUHIB BIAXWJIEHHS CTATMYHOI XapaKTepHCTHKH Bix 3agaHoi Habmwkaerbes 1o 30 %, mo
JIOCUTB OJIM3BKO JIO pealbHUX XapaKTepUCTUK Hacoca. ToMy, JOIILHO IPY BUKOHAHHI PO3paxyHKiB 110 BUOOPY
napaMeTpiB peryJibOBaHUX aKCiaJbHUX POTOPHO-IOPIIHEBMX HACOCIB BPaxOBYBATH IapaMeTPHUHI 3aJIeKHOCTI
3MiHH ITapaMeTpiB Hacoca.

PesynbraTi MOJETIOBaHHS CBIT4aTh PO ICTOTHHUI BIUIMB TAKHUX IapaMeTpPiB PETYIbOBAHUX aKCiaJbHUX
poropHo-iopurHeBux HacociB Tuiry PVC 1.85, sk 3a30pu B 300THHKOBHX mapax LS — perynsaTopa 1 3MimeHHS
0Ci HAXWJTy TOXHJIOTO JAWCKA IMIOAO OCi 0OepTaHHs OJIOKY IIIIIHAPIB Ha AKICTh CTATUYHUX XapaKTEPUCTHK, IO
BHU3HAYAIOTH 3AJICXKHICTh TToAa4i poOodoi piIuHY BiJl THCKY Ha BUXO/I Hacoca.

TexHiYHMMH yMOBaMH Ha BUTOTOBJICHHS 30JI0THHKOBHX Iap BCTAHOBJIEHI JOIYCKH, IIPU SIKMX 3a30pH B
nmapax MoXyTh nepeBumryBaTa 0,02 MM. BukoHaHO TOCTIIKEHHS BIUIMBY BEJMYMHHU 3a3HAUYEHUX 3a30piB Ha
CTaOUIBHICTh CTATHYHHMX XapaKTEepUCTUK. PexoMmMeHJOBaHO sl 3a0e3neueHHs cTaOUIBHOCTI Mojadi Hacoca
BCTaHOBUTH JIOITyCTUMI 3a30pH B 30JI0THUKOBHX napax B Mexax 0,004-0,006 mm.

JocinipkeHo BIUIMB BEJNWYWMHH 3MILIEHHS OCi MOBOPOTY MOXHWJIOTO JMCKA IOJ0 Oci o0epTaHHs OJIOKY
IIJIIHPIB Ha cTabLIBHICTE Noayi Hacoca. [IpoananizoBaHi cTaTH4YHI XapaKTEPUCTUKU HACOCa PO3paxoBaHi MpH
BEJIMYMHAX 3CYBY OCi IIOBOPOTY MOXMJIOTO 1ucka Ha 1 MM, 3 MM, 5 MM i 7 MM. BcTaHoBiIeHO, 10 301IbIIEHHS
3CYBY OCi MOBOPOTY MOXMJIOTO JTUCKA ITiIBUIIYE CTAaOLIBHICTh MOAAYl HAcOCAa B 3aJICKHOCTI BiJl HABAaHTAXKCHHS
BUKOHABUOTO TifponsuryHa. [Ipu 3cyBax oci MOBOPOTY IMOXWIIOTO AWCKA MO0 OCi 00epTaHHS OJOKY IMIIIHAPIB
Ha 5 MM i 7 MM BiIXWICHHS BEJIMYMHHU MOJadi Hacoca Bif 3amaHoi He mepeBumaye 1,5 %. Y Tol e dac mpu
3MEHIIICHHI BEIMYMHU 3MIIIEHHS O 3Ha4eHb 1 MM i 3 MM icToTHO B pa3i BukopucraHHi Hacoca PVC 1.85
HOTipUIyEThCS SAKICTh CTATHYHHUX XapaKTEPUCTUK. BiIXWIIEHHS CTaTMYHMX XapaKTEPUCTHK Hacoca BiJl 3aaHHX
3pocTaEe MpY 3MEHIICHHI 3MIMEHHS OCi MOBOPOTY IMOXWJIOTO AWCKA 1 MpH 3MilIeHHI Ha | MM MOXe JocsraTH
30 %, 10 CBIAYHUTH PO HENPUAATHICTh JAHOTO KOHCTPYKTUBHOTO PIiIlICHHS.
peryJiboBaHMii aKciaJbHHIl POTOPHO-MOPIIHEBUI HACOC, CTATHYHA XaPAKTEPUCTHKA, BiCh MOBOPOTY
MOXHJIOT0 IMCKA, MOMEHT 3BeJeHOl CUJIN THCKY MOPIUIHIB, KOJTHBAHHSA THCKY
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