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Introduction/purpose: The hydraulic buffering valve has the greatest influence on the dynamic characteristics of power-shift

transmission. The hydraulic buffering valve is a transmission element that controls increase in pressure in friction assemblies
during the gear shifting process. By choosing the optimal control of pressure increase during shifting, reduction of dynamic
loads in gear transmissions and thermal loads in friction assemblies is achieved.
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Methods: The paper analyzes the principle of one of hydraulic buffering valve solutions as well as the influence of certain
parameters on the control of pressure increase. After the analysis of the working principle of the hydraulic buffering valve, a
simulation model was developed in the MATLAB/Simulink software package.

Results: The results obtained using the simulation model were compared with the experimental results of the selected pressure
modulator solution. The selected hydraulic buffering valve was developed as part of the development of a device for power-shift
transmission. The simulation results showed a satisfactory match with the experimental results.

Conclusion: The developed simulation model enables a relatively easy and quick change of the parameters of the hydraulic
buffering valve as well as a possibility of a faster and better understanding of the influence of individual parameters on pressure
increase during the gear shifting process.

Keywords: power-shift transmission, pressure control valve, simulation.

Pesome

Baeacnue/nieab: MOAYASTOP AaBACHHS OKa3bIBacT HAaMOOABIICE BOSACHCTBHE Ha AMHAMHYECKHE XaPAKTCPUCTUKU TPAHCMHUCCUH
C MEPEKAIOYCHHEM IEPeAaY, HE MPEphIBas IOTOK MOIIHOCTH. MOAYAATOP AQBACHHS — 3aIdacT KOPOOKH Iepeaad,
KOHTPOAHPYIOLIAs OBBIIICHNE AABACHHUS B y3AaX TPCHHS B IIPOLECCE NIEPEKAIOYEHHUS MepeAad. 3a caeT BhI6Opa ONTHMAABHOTO
YIIPABACHHS MOBBIIICHUEM AABACHHS NIPH H3MCHECHHU YPOBHS MEPCAAYM AOCTHTACTCS CHIDKCHHME AMHAMMYECKHX HAarPy30K B
3y0uaThIX NepeAaTax H TCHAOBBIX HATPY3OK B Y3AaX TPCHHS.

Metoabr: B paHHOI cTaThe aHAAMSHpYETCSl IPHHLMI pabOThl OAHOTO M3 PCIICHUII MOAECAITOPA AABACHHS, a TAIOKE BAHSHHE
HEKOTOPBIX I1apaMeTPOB Ha YIIPABACHHC MOBBILICHUEM AABACHHS IIPH IEPEKAIOYCHHH Iepeaad. [locae aHaausa mpuHIHMIA
paboTBl MOAYASITOpa AaBACHHSA Oblaa paspaboTaHa MMHTALIHOHHAS MOACAB B IaKeTe NporpaMMHoro obecriedennst MATLAB/
Simulink.

PesyabTaThl: B cTaTbe Takoke IpOBEACH CPABHUTEABHBII aHAANS PE3YABTATOB, TOAYICHHBIX C [IOMOIIBI0 HMUTALIHOHHON MOACAH,
M PE3YABTATOB HCITBITAHUH BBIOPAHHOTO MOAYASITOpPA AABACHMS. Pe3yAbTaThl MOACAMPOBAHMS ITOKA3aAH YAOBACTBOPHTEABHOE
COBITAACHHE € 9KCIICPUMEHTAABHBIMU PE3yAbTATAMH. Y CTAHOBACHO IIPEACABHOE OTKAOHEHHUE B pasmepe 10%.

Boioabl: PaspaGoTaHHas HMUTALMOHHAA MOACAb O0ECIEIMBACT OTHOCHTEABHO MPOCTOE M OBICTPOE M3MCHEHHUE IapaMeTpOB
MOAYAATOPA AABACHHS, a TAKKE CIIOcobCTBYeT GoAce GHICTPOMY M AyYIIEMy HOHMMAHHIO, KAK TC HAH HHBIC IIAPAMETPhl BAUSIOT
Ha [OBBILICHUE AABACHUS B IIPOLIECCE EPEKAIOUCHHS IEpPeAad.

KaroueBbie caoBa: MEPEKAIOYEHHE TTEPEAAY 6e3 PpaspbiBa IIOTOKA MOUIHOCTH, MOAYASITOP AABA€HHS, MOACAHPOBAHHU.

Abstract

YBoa/unn: Mopyaarop npurncka uma Hajsehu yruuaj Ha AMHaMHYKE KapaKTEPUCTHKE MEHAYKUX IPEHOCHUKA €A IPOMECHOM
CTereHa IpeHoca 6es IpekrAa Toka cHare. I IpeAcTaBba eACMEHT MEeHmhauKor IPEHOCHUKA KOjU KOHTpoAHuiue nosehame npurucka
y $PUKIMOHMM CKAOIOBHMMA TOKOM IIpOLiECca MPOMECHE creneHa npeHoca. VI360poM onTuMasHe KOHTPOAC IpHpailTaja
IPUTHCKA IIPU TIPOMEHU CTEIECHA NPEHOCA MOCTIKE CE CMambEHhe AMHAMUYKUX onTepehema y symyacTuM IpeHOCHULMMA U
TepmMuukux ontepehema y ppUKLHOHMM CKAOIIOBUMA.

Meroae: AHAAM3HPAH je IPHHIIUII JEAHOT OA PELICHA MOACAATOPA IPUTHCKA, KA0 U YTHUI[Aj IOJEAMHHX [TapaMeTapa Ha KOHTPOAY
IpupalTaja IPUTHUCKA Y TOKY IIPOMEHE CTeIeHa IpeHoca. HakoH aHaAmM3e mpuHLMIIA Paga MOAYAATOPA IPUTHCKA, PasBUjeH je
CHMyAaLMOHU MOAeA Y coprBepckoM makety MATLAB/Simulink.

Pesyararn: Pesyararu aobujern xopumhemem cumyaanpoHor moaeaa ynopeleHu cy ca ekcrepuMEHTaAHHM pe3yATaTnHMa
u3a0paHor MOAyAaTOpa MPHUTUCKA. PesyATaTd cuMyAanuje Cy IOKasaAM 3aA0BOmaBajyhe Mokaamame ca eKCIEPUMECHTAAHUM
pesyAraTiMa, y rpanuiama A0 10% oACTymarma oA eKCIIEPHMEHTAAHUX PE3YATATA.

3akmyuak: PasBujenn cumysannonu Moaea omoryhasa peaaTHBHO Aaky u Op3y MPOMEHY IapaMeTapa MOAYAATOpa MPHUTHCKA,
kao u MoryhHoct 6pxer u 6omer pasymeBara yruuaja MojeAMHUX ITapaMeTapa Ha rmosehatbe MpUTHCKa TOKOM IIpoLeca IPOMEHE
CTeIIeHa IIPEHOCA.

Keywords: IPOMEHA CTeNEeHa IPEHOCA 6e3 IPEKUAA TOKA CHATE, MOAYAATOP MPUTUCKA, CUMYAALHja.
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Introduction

Gear shifting in the transmission of a motor vehicle is a process in which power parameters are changed
in order to adapt the vehicle to road conditions (Balau et al, 2011). The way the transmission management
system is implemented significantly affects the traction and dynamic characteristics of the vehicle, which is
particularly pronounced in tracked vehicles where the transmission management system, in addition to
gear shift, also ensures the turning of the vehicle. Increasing demands for high-performance tracked
vehicles in terms of mobility have imposed the need to improve their subsystems, primarily the engine and
the gearbox.

The improvement of the gearbox is of particular importance because, depending on its performance, the
traction and maneuvering characteristics of the vehicle can be significantly increased or decreased, and the
steering system has a special place in this (Grki¢ et al, 2009). The hydraulic buffering valve is one of the
most important elements of the power-shift transmission system. The quality of the transition process of
gear shifting depends on its characteristics, which directly affects the traction and maneuvering
characteristics of the vehicle (Meng et al, 2015).

Working principle of the hydraulic buffering valve

Figure 1 shows the hydraulic buffering valve which consists of a regulator piston (a), an accumulator
piston (b), springs (c) and (i), an orifice (d) and (f), and a non-return valve (¢). The channel (g) is
connected to the valve for gear selection, and the channel (h) to the corresponding friction clutch
assembly. Figure 1 shows the position of the elements at the time of the beginning of the pressure
modulation process. From that moment, the modulation of the pressure p. in the channel (h), and
therefore in the cylinder of the friction clutch assembly, takes place in accordance with the movement of
the piston (b) and the stiffness of the springs (c) and (i). The pressure modulation process will be
completed when the piston (b) rests on the piston outlet (a), after which the nominal pressure is
established in the cylinder of the friction clutch assembly (Jian et al, 2018).
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Figure 1

Positions of the hydraulic buffering valve elements at the beginning of the pressure modulation process
Puc. 1 - TToaokeHHE ACTAACH MOAYASTOPA AABACHHS B HAIAAC [IPOLIECCA MOAYASILIUH AABACHHS
Cauxka 1 - IToroxaj eaeMeHaTa MOAYAATOPA IPUTUCKA HA IIOYETKY TIPOLIECA MOAYAALIHjE IPUTUCKA

The orifice (f) in Figure 1 determines the movement speed of the piston (a), and the orifice (d)
determines the pressure change in the process of pressure modulation. The non-return valve (¢) is intended
to assist in the process of turning off the friction clutch assembly, to help discharge the volume of the
accumulator (b) faster and to prepare the pressure modulator for reactivation.

The character of the pressure change in the modulation process depends primarily on the design
parameters of the hydraulic buffering valve elements (front surfaces of the regulator piston (a) A and the
accumulator piston (b) Ay, the stiffness of the spring (c) C; and the spring (9) C; and their preloads, the
piston stroke accumulator dh and the orifice (d)).

The general character of the pressure change in the friction assemblies during gear shifting is shown in
Figure 2 (Baogang et al, 2019).
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Figure 2
Pressure change in the process of pressure modulation
Puc. 2 — MaMeHeHME AABACHUSL B IIPOLIECCE MOAYASILIMM AABACHHS
Canxa 2 — Kapakrep nmpoMeHe IPHUTHCKA Y IIPOLIECY HETOBE MOAYAALIHjE

Phase a-b — represents the filling of the volume of the pipeline and the initial volume of the clutch
cylinder with the motionless piston of the friction assembly.

Phase b-c¢ - represents the filling of the volume of the clutch cylinder, followed by the movement of the
piston of the friction assembly from the initial to the end position, when the pressure increases due to the
compression of the spring in the friction clutch assembly.

Phase c-d - represents the process of pressure modulation in the clutch cylinder of the friction clutch
assembly followed by the slippage of its elements. The pressure modulation process takes place in
accordance with the movement of the accumulator piston (b) and the stiffness of the springs (c) and (i).
This phase has the greatest impact on the quality of the gear shifting process (Walker et al, 2011). The
duration of the gear shift depends on the character of the phase c-d, as well as the increase of the friction
moment and the dynamic loads of the elements.

Phase d-e - indicates the establishment of the nominal pressure, after the completion of the pressure
modulation process, which is equal to the working pressure (Liu et al, 2014).

Mathematical model of the hydraulic buffering valve

The initial pressure in the process of engaging the friction clutch assembly, the final pressure and the
character of the pressure change during the pressure modulation have a direct impact on the performance
of the hydraulic buffering valve. The transient process, the pressure modulation process, is described by a
simplified mathematical model (Zivanovi¢, 1991). Friction and inertial forces are neglected in the
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calculation, the working fluid is incompressible and the hydraulic pipeline is absolutely rigid. Taking into
account the equilibrium condition of the piston (a) and the piston (b), as well as the continuity equation,
the following system of differential equations can be written:

Qq,df - Azdh
A;dp; = cdh

where:

Ajand A; - surfaces of the pistons (a) and (b),

c — spring stiffness (d) and (i),

dh - elemental displacement of the piston (b),

dp; - pressure increase in the channel (h) which corresponds to the displacement of the piston (b), and
Q- flow through the orifice (d), determined by the equation:

2
Q4 = CqaAy E(Fﬁ —D2)

()
where:
C 44— flow coefficient through the orifice (d),
A4~ orifice surface (d), and
p2— pressure in the accumulator chamber (b).

If substitution is introduced into the equation:

2
‘f = Cqa4y |-
p

(3)

where ¢ represents the flow through the orifice at a pressure difference of 1 bar, then:

0425\/(171—33'2) "

If expression (4) is included in the first differential equation of system (1) and dh is replaced from the
second equation (1), we get:

6P~ P2dt = Ay Apdp,

From the balance of the piston (b) of the accumulator, the equation can be written:

FG
P2 =32
2 (6)
where:
Fy - the force of the springs (c) and (i) of the accumulator (b) in an arbitrary position.
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The spring force F, can also be expressed through the pressure pj, setting the equilibrium condition for
the piston (a).

Fy, = p144 -

Putting the value of F, in expression (6) and then in expression (5) we get:

A
Ef\/pl — D1 idt = A,A,dp,
(8)

and that is:

AA;

T dp;
c§ P1—I31A_;
)

In order to determine the total duration of the modulation process ¢,,,gwith the specified hydraulic

dt =

buffering valve, equation (9) will be integrated. The limits of the integral for the left side of the differential
equation are from 0 to ;04 and for the right side from pj9to pjmoq Where:

tmod— duration of the pressure modulation process,

P1o- pressure at the beginning of the modulation process, and

Plmod — pressure at the end of the modulation process.

The pressure value p;g corresponds to the rightmost position of the accumulator piston (b), while the

pressure value p o4 corresponds to the pressure at the end of the pressure modulation process, that is:

_ Fomod | _ Fomod+cCihr+ca(hg—l41)
Pio ==, 7 Pimoed = A
1 1

(10)

where:

Fymod — the force of the spring (c) of the accumulator (b) at the beginning of the pressure modulation
and

I~ distance between the springs (c) and (i) in the accumulator (b).

Integrating equation (9) with replacement and introducing the specified limits of the integral for the
first stage gives the duration of the pressure modulation process:

tmod = A::giz lz_A_l (\:‘ Pimod — 4/ plﬂ)
A

in which:

where:
c; - spring stiffness (c) and
c2 - spring stiffness (i).
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In order to obtain the dependence of the pressure change during the modulation process, differential
equation (9) will be integrated in the limits for the left side from 0 to t and the limits for the right side
from p;gto p;, where t and pjare current variables and the result will be:

t = Aj Ay 2 {p _ Fomod
CE 1_ﬂ 1 i‘5""].

Ay

(13)
and that is:

(29" (1)t [Fomoans ()

F
P1 = 2+

Ay A,AL°
(14)
5
?#10 L | T T | L § i | L T
6— -
5- -
)
e
o
s a4t :
wy
(7]
o
o
3— o
2— —
1 'l 1 1 A 1 1 'l 1

0 0.1 0.2 0.3 04 0.5 0.6 0.7 08 0.9
Time [s]
Figure 3
Dependence of pressure increase on time during the pressure modulation process

Puc. 3 — I'loBbimenue AABACHHS B 3aBUCHUMOCTH OT BPEMCHH IIPOIICCCA MOAYASIIIUN AABACHUS
Caunka 3- 3aBucHOCT anpaH.ITaja TIIPUTHCKA OA BPEMEHA Y TOKY ITpoIcCa IEroBe MOAyAaI_II/IjC
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Equation 14 represents the pressure change in the friction clutch assembly during the process of pressure
modulation with the described hydraulic buffering valve. Figure 3 shows the dependence of the pressure fit
on time during the pressure modulation process obtained by solving equation 14.

Simulation model of the hydraulic buffering valve in MATLAB/Simulink

The simulink module developed in the MATLAB environment enables modeling, simulation and
analysis of various dynamic systems. It supports linear and nonlinear systems modeled in both continuous
and discrete time (Grki¢ et al, 2011).

Modeling in simulink uses a graphical environment, as well as ,.click-and-drag” mouse operations for
block drawing. Simulink contains a large library of generators of input excitations, displays of output
variables as well as linear and non-linear components of the system (Raikwar et al, 2015). By means of
block diagrams from the library, a simulation model of the pressure modulator shown in Figure 4 was

developed.
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Figure 4

Simulation model of the hydraulic buffering valve
Puc. 4 — VIMuraunoHHas MOACAD THAPABAYECKOIO MOAYASTOPA AABACHHUS
Canxa 4 — CUMyAaLIMOHH MOACA MOAYAATOPA IIPUTUCKA

The simulation model consists of three parts. The first unit is the part for managing the system and
consists of a hydraulic pump, a hydraulic distributor, a safety valve and components that manage the
aforementioned. The second unit is represented by the hydraulic buffering valve, while the third unit is
represented by the piston model of the friction clutch assembly that is activated in the process of pressure
modulation. The results obtained through simulation are shown in Figure 5.
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Figure 5

Simulation results in MATLAB/Simulink
Puc. 5 — Pesyabrarst mopeanposasust B MATLAB/Simulink
Cauka 5 — Pesyarar p06ujen cumyaanujon y MATLAB/Simulik

The parameters used for the simulation as well as for solving equation (14) are shown in Table 1.
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Table 1

Parameters of the hydraulic buffering valve
Fluid density 830 kg/m3
Surface area of the piston (A;) 4.9 cm?
Surface area of the piston (A>) 7.1 cm?
Surface area of the orifice (Ay) 0.0113 cm?
Discharge Coefficient (Cyy) 0.7
Stiffness of the spring (c) 421 N/mm
Pre-tightening force of the spring (c) 38 N
Stiffness of the spring (i) 10.8 N/mm
Pre-tightening force of the spring (i) 0 N
Distance between springs (c) and the piston 45 o
(b) (1)
Distance between the piston (a) and (b) (Ar) 23.5 mm
Force at the beginning of modulation %6 N

(Fomod)

Tabauma 1 — ITapamerpsl ruApaBAMYECKOTO MOAYASTOPA AABACHUS
Tabeaa 1 - [Tapamerpu MOAyAaTOpa IpUTHCKA

Experimental research and simulation model validation

Experimental studies of the operation of the hydraulic buffering valve were carried out as part of the

study of the possibility of applying a power-shift transmission.

The entire experimental research was carried out in laboratory conditions, through two stages and

several test blocks with a larger number of experiments, on a real gearbox.

The results of the experimental test of the hydraulic buffering valve are shown in Figure 6 (Zivanovié,

1991).
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Figure 6

Results of the experimental test
Puc. 6 — Pe3yabTarsl 9KCIIEPUMEHTAABHOTO HCIIBITAH S
Canka 6 — PesyATaTs eKCIIEpUMEHTAAHOT UCITUTHBAbA

After the experimental tests, the obtained results were compared with the results obtained by solving
equation 14 and by simulating the operation of the hydraulic buffering valve in the MATLAB/Simulink
software package. Figure 7 shows the comparative results.
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Figure 7
Comparative presentation of the results obtained

Puc. 7 — CpaBHHTEABHBII 0630p MOAYYEHHBIX PE3YABTATOB
Cauxa 7 — YopeAHH IpHKas AOOHjeHHUX pesyATaTa

Figures 8, 9, and 10 show the comparative results obtained by changing certain design parameters of the
hydraulic buftering valve.
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Comparative presentation of the obtained results - T1
Puc. 8 — CpaBHUTEABHDII 0630p IOAYYCHHBIX Pe3yAbTaToB — 11
Cauka 8 — Yropeanu npukas poobujernx pesyarara - T'1
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Figure 9
Comparative presentation of the obtained results — T2
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Comparative presentation of the obtained results — T3
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Puc. 10 — CpaBHuTeABHDII 0630p IIOAYYCHHBIX pe3yAbTaToB — T3

Cauxka 10 - Yopeann npukas AoGHjeHI/IX pesyarara — T3

2.5

The values of the design parameters with which the results obtained are shown in Figures 8, 9 and 10 are

shown in Table 2.

Table 2
Hydraulic buffering valve parameters for T1, T2 and T3 results

T1 T2 T3
Surface area of the orifice (A) 0.0079 0.0050 0.0095  cm?
Stiffness of the spring (c) 5.8 5.8 5.8 N/mm
Pre-tightening force of the spring (c) 72 70 22 N
Stiffness of the spring (i) 14.5 315 0 N/mm
Eiist:)arrllzc; )bz:jt;;reen the springs (c) and the 85 5.9 0 o
Distance between the piston (a) and (b) (hk) 25 235 235 mm

Tabauna 2 — [TapaMeTpbl TMAPABAHYECKOTO MOAYASITOPA AaBACHMSI IO pedyabTatam T1, T2 1 T3
Tabeaa 2 — ITapamerpu MopysaTopa nputrcka 3a pesyarare T1, T2 u T3
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The analysis of the obtained results shows that the results obtained by simulation sufficiently match the
results obtained by experimental measurements. The deviations of the results obtained through simulation
from the results obtained experimentally are the consequence of the impossibility of completely accurate
determination of the actual values of the design parameters of the hydraulic buffering valve and the
friction clutch assembly. The values of the parameters with which the hydraulic buffering valve process was
simulated are nominal values and, as it is known, can vary within certain limits (Meng et al, 2016).

When the influence of each of the displayed parameters and the facts presented are taken into account,
the matching of the results obtained by simulation and experimental results can be considered completely
satisfactory, as well as that the simulation model can be used for further research in terms of investigating
the influence of the most important parameters on the pressure modulation process as well as development
of a simulation model of power-shift transmission.

Investigating the influence of certain parameters on the pressure modulation
process

After the accuracy of the developed hydraulic buffering valve MATLAB/Simulink model being
confirmed, the operation of the hydraulic buffering valve can be simulated with a level of certainty at
different values of particular parameters that have a significant impact on the pressure modulation process.

The paper analyzed the effects of the following parameters: preload force F,, in the spring (c), stiffness of
the spring (c) and the spring (i), distance between the pistons (a) and (b), distance between the piston (b)
and the spring (i) and the orifice (d) size.

The results of these simulations are shown in Figures 11, 12, 13, 14, 15, and 16 (Wang et al, 2017).
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Figure 11
Influence of the A4 orifice surface (d) on the pressure modulation process
Puc. 11 — Bausnue noBepxHocTa oTBepcTHs A4 (d) ma MPOIIECC MOAYASIIMH AABACHMUS

Cauxka 11 - Yrunaj nospumae A4 nporymsue (d) Ha IPOIIEC MOAYAAITHjE TIPUTHCKA

The size of the orifice (d) is of particular importance in the pressure modulation process, as its reduction
ensures a smaller increase in pressure in the pressure modulation process and increases the total duration of
the pressure modulation process.

With an increase in the size of the orifice (d), there is a greater increase in pressure in the modulation
process and the duration of the pressure modulation process is reduced.
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Figure 12
The influence of the stiffness of the ¢j spring (c) on the pressure modulation process
Puc. 12 — BansiHuE )eCTKOCTH IPYXHHBI €| (c) Ha IPOIIECC MOAYASIITMH AABACHUS

Cauxka 12 - Yrunaj kpyroctu ¢ onpyre (c) Ha Hpoliec MOAyAalHje IPUTHCKA

Changing the stiffness of the ¢; spring (c) leads to the increase in the pressure intensity and the pressure
modulation time change.

As the stiffness increases, the time of the pressure modulation process decreases.

Also, with an increase in spring stiffness, there is also an increase in pressure at the end of the pressure
modulation process (Ren et al, 2014).

The effect of changing the stiffness of the ¢, spring (i) is identical to the effect of changing the stiffness
of the ¢; spring (c).
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Influence of the stiffness of the ¢; spring (i) on the pressure modulation process
Puc. 13 — Bansiue ecTKOCTH HPY>KHHBI ¢, (i) Ha TPOIIECC MOAYASILIHH AABACHHS
Cauxa 13 - Yrunaj xpyrocru ¢, onpyre (i) Ha mporec MoAyAaLuje IPHTHCKA
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Influence of the preload force F,, of the spring (c) on the process of pressure modulation
Puc. 14 — Bansaue ycnans npeanarsra F npyxunst (c) Ha IPOIIECC MOAYASIITHH AABACHUS

Cauxka 14 — Yrunaj cuae npeananpesama F,, onpyre (c) Ha nporec Moayaanuje nputucka

Changing the pre-tightening force F,, in the spring (c) changes the regularity of the increase in pressure
in the executive cylinder.

Its increase reduces the time required to move the piston of the friction scope to the end position and
increases the initial pressure in the process of pressure modulation in the friction clutch assembly, which
can lead to the appearance of shock engagement of the friction clutch assembly.
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Figure 15
Influence of the distance between the piston (a) and the piston (b) on the pressure modulation process

Puc. 15 — Bausuue PACCTOSIHUSI MEXKAY ITOPUIHEM (a) U OPIIHEM (b) Ha MPOLIECC MOAYASILIUM AABACHHUS
Cauxa 15 - Yrunaj pacrojamwa nsmehy xauna (a) n xauna (b) na npouec mopyaauuje npurucka

Changing the distance between the pistons (a) and (b) can affect the magnitude of the pressure and the
duration of the pressure modulation process.
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Figure 16

Influence of the distance between the piston (b) and the spring (i) on the pressure modulation process
Puc. 16 — Bansinue paccrosaus mexay nopmuenm (b) u npyxunoii (i) Ha mporjecc MOAYASIIIHE AABACHHS
Cauxa 16 — Yruuaj pacrojamwa nsmehy xauna (b) n onpyre (i) na mpouec Moayaauuje npurucka

Changing the distance between the accumulator piston (b) and the spring (i) can adjust the moment
when this spring will come into effect. The pressure modulation takes place first in accordance with the
stiffness of the spring (c) and then in accordance with the stiffness of both springs.

Conclusion

A simulation model of the hydraulic buffering valve was developed in the MATLAB/Simulink software
package, and the influence of the most important parameters of the pressure modulator on the pressure
modulation process was analyzed. The results of the simulation of the operation of the pressure modulator
sufficiently match the results obtained by experimental measurements in laboratory conditions. After the
comparison of the obtained results, it was determined that the results obtained using the simulink model
are within 10% of the relative error compared to the experimental test. The simulation model enables an
easy change of parameters. The deviation of the obtained results in relation to the experimental tests can be
explained by a large number of variables that affect the process of pressure modulation. Also, certain
parameters are variable during the experiment measurement, such as the temperature and viscosity of the
fluid. Larger number of simulations of the system operation can be performed in a shorter period of time,
in order to observe the behavior of the system and choose the optimal values of the most important

parameters.
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It is concluded that the developed simulink model met the set requirements, and as such it can be used
to evaluate the operation of the hydraulic buffering valve for power-shift transmission. It can be used for
both calculation and design. The developed simulink model can be implemented in the simulation model
of the transmission, which will represent the simulation model of the powershift transmission during the
gear change.
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