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Abstract:

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.

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.
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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.

Key words: power-shift transmission, pressure control valve, simulation.

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 (e). 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
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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 — NonoxeHue demanel Modynsimopa 0assieHuUs 8 Hadyarse npouyecca Mooynsayuu
OaeneHusi
Cnuka 1 — Nonoxaj enemeHama modynamopa npumucka Ha noYyemky rnpoueca
modynauyuje npumucka

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 (e) 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) A1 and the
accumulator piston (b) Az, 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 — VIameHeHue 0asrneHusi 8 npoyecce Modynsayuu 0asrneHusi
Cnuka 2 — Kapakmep nipomeHe npumucka y rnpouyecy Hezoee modynauyuje

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
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of the hydraulic buffering valve. The transient process, the pressure
modulation process, is described by a simplified mathematical model
(Zivanovié, 1991). Friction and inertial forces are neglected in the
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:

Q4dt = Azdh

Aldpl = th (1)
where:
Ax and A4; — 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
Qs — flow through the orifice (d), determined by the equation:
,2
Qs = Caady ;(P1 —P2) 2
where:
Cua — flow coefficient through the orifice (d),
As — orifice surface (d), and
P2 — pressure in the accumulator chamber (b).

If substitution is introduced into the equation:

£ = CasAy j% 3)

where ¢ represents the flow through the orifice at a pressure difference of

1 bar, then:
Q4 = f\/ (1 —1p2) 4)

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

c§\/p1 — p2dt = A1 A,dpy )
From the balance of the piston (b) of the accumulator, the equation

can be written:

Fo
b2 = 2,

(6)
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where:
Fo —the force of the springs (c) and (i) of the accumulator (b) in an
arbitrary position.

The spring force Fo can also be expressed through the pressure ps,
setting the equilibrium condition for the piston (a).

F, = p14 (7)
Putting the value of Fo in expression (6) and then in expression (5)

we get:
A
c§ /Pl —P1 A_: dt = A1A,dp, (8)

A4,

————=dp,
c§ P1—P12_; (9)

In order to determine the total duration of the modulation process tmod
with the specified hydraulic buffering valve, equation (9) will be integrated.
The limits of the integral for the left side of the differential equation are from
0 to tmeg, and for the right side from pio t0 pPimed, Where:
tmod — duration of the pressure modulation process,

P10 — pressure at the beginning of the modulation process, and
Pimod  — pressure at the end of the modulation process.

and that is:
dt =

The pressure value pio corresponds to the rightmost position of the
accumulator piston (b), while the pressure value pimed COrresponds to the
pressure at the end of the pressure modulation process, that is:

Fomod . Fomod+C1-hg+co (Re—1q) (10)

P10 = A, Pimod = ™

where:

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

l1 — 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:

tmoa = Ai?z \/127_1 (v/P1mod — /P10) (11)
Az

in which:
c=c¢+c (12)
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where:
C1 — spring stiffness (c¢) and
C2 — spring stiffness (i).

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 O to t and the limits for the right side from po to p1,
where t and p; are current variables and the result will be:

_ﬁ 2 _ Fomod

e 1—ﬂ(‘/E Ay ) (13)
Az
and that is:

g2 A n

_ Foo  (5) i) rett Fomoans’ (1) a0
p1 = ™ A
7#105 ‘
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Figure 3 — Dependence of pressure increase on time during the pressure modulation

process
Puc. 3 — lNosbiweHue 0asreHus 8 3agUcuMocmu om epemMeHu npouecca mModynsyuu
OaeneHusi
Cnuka 3 — 3asucHocm nipupawmaja npumucka 00 8pemeHa y moKy rnpouyeca He208e
modynauuje

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.
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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.

Hydraulic Buffering Valve

[

;
!
o} B

Control Unit

Clutch Cylinder E

sssssssssssss
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Figure 4 — Simulation model of the hydraulic buffering valve
Puc. 4 — MimumauyuoHHasi MoOersb eudpasnu4ecko2o Mooysisimopa OasneHust
Cnuka 4 — CumynayuoHu moOesn Modynamopa rpumucka

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 — Pesynbmamsl modenuposaHusi 8 MATLAB/Simulink
Cnuka 5 — Pe3aynmam dobujeH cumynayujom y MATLAB/Simulik

The parameters used for the simulation as well as for solving equation

(14) are shown in Table 1.

Table 1 — Parameters of the hydraulic buffering valve

Tabnuya 1 — lNapamempsi 2udpasnuyeckoeo Modynssmopa 0asneHusi

Tabena 1 — Napamempu Modynamopa npumucka

Fluid density

Surface area of the piston (A1)

Surface area of the piston (A2)

Surface area of the orifice (As)

Discharge Coefficient (Caa)

Stiffness of the spring (c)

Pre-tightening force of the spring (c)
Stiffness of the spring (i)

Pre-tightening force of the spring (i)
Distance between springs (c) and the piston (b) (I1)
Distance between the piston (a) and (b) (hk)
Force at the beginning of modulation (Fomod)

830
4.9
7.1

0.0113
0.7
421
38
10.8

4.5
23.5
86

kg/m?3
cm?
cm?

cm?
N/mm
N/mm

mm
mm
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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 (Zivanovi¢, 1991).

#10°

12

Pressure [Pa]

0 0.5 1 1.5 2 25
Time [s]

Figure 6 — Results of the experimental test
Puc. 6 — Pe3ynbmamal sKcriepuMeHmaribHO20 UCrbimaHusi
Cnuka 6 — Pesynmamu ekcriepumeHmarHoe ucrnumuseara

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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MATLAB/Simulik
Experimental test
— Mathematical model

Pressure [Pa]
(o]

Time [s]

Figure 7 — Comparative presentation of the results obtained
Puc. 7 — CpasHumernbHbIli 0630p MOy4YeHHbIX pe3yibmarnmos
Cnuka 7 — YrnopeOdHu npuka3 0obujeHux pesynmama

Figures 8, 9, and 10 show the comparative results obtained by
changing certain design parameters of the hydraulic buffering valve.

5
12 #10 : : : :

MATLAB/Simulink
Experimental test

Pressure [Pa]
[}
1

Time [s]

Figure 8 — Comparative presentation of the obtained results - T1
Puc. 8 — CpasHumernbHbIl 0630p rosly4eHHbIX pe3ynbmamos — T1
Cnuka 8 — YnopedHu npuka3 dobujeHux peaynmama — T1
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MATLAB/Simulink
Experimental test

Pressure [Pa]
(=2}

Time [s]

Figure 9 — Comparative presentation of the obtained results — T2
Puc. 9 — CpasHumernbHbIl 0630p MOy4YeHHbIX pe3ynbmamos — T2
Cnuka 9 — YnopedHu npuka3 dobujeHux pedynmama — T2

5
12 #£10 . . . .

MATLAB/Simulink

Experimental test
10 1

Pressure [Pa]
(2]

Time [s]

Figure 10 — Comparative presentation of the obtained results — T3
Puc. 10 — CpasHumeribHbili 0630p MoyYeHHbIX pe3ynbmamos — T3
Cnuka 10 — YnopeOHu nipuka3 0obujeHux pesynmama — T3

The values of the design parameters with which the results obtained
are shown in Figures 8, 9 and 10 are shown in Table 2.
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Table 2 — Hydraulic buffering valve parameters for T1, T2 and T3 results
Tabnuya 2 — Napamemps! eudpasnudecko2o Modysisimopa dasieHus o pesynbmamam
T1, T2u T3
Tabena 2 — Napamempu modynamopa npumucka 3a pedynmame T1, T2 u T3

T T2 T3
Surface area of the orifice (A4) 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) 145 315 0 N/mm
Distance between the springs (c) and the piston 8.5 59 0 mm
(b) (1)
Distance between the piston (a) and (b) (hk) 25 235 235 mm

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.
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The paper analyzed the effects of the following parameters: preload
force Fo 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).

5
12 x10

—A4
—1.2A4
—0.8A4

Pressure [Pa]
[}
T
!

Time [s]

Figure 11 — Influence of the A4 orifice surface (d) on the pressure modulation process
Puc. 11 — BnusiHue nogepxHocmu omeepcmusi A4 (d) Ha npoyecc modynsyuu dasneHust
Cnuka 11 — Ymuuaj nospwuHe A4 npocywHuye (d) Ha npoyec modynauyuje npumucka

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 c1 spring (c) on the pressure modulation
process

Puc. 12 — BnusiHue xecmKocmu fpyxuHei C1 (C) Ha npoyecc Modynayuu 0asneHus

Cnuka 12 — Ymuuaj kpymocmu c1 ofipyee (C) Ha npouyec modyrnayuje npumucka

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 ci spring (c).
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#10°

c2
—0.8c2
—1.2c2

Pressure [Pa]
(2}
T

Time [s]

Figure 13 — Influence of the stiffness of the cz spring (i) on the pressure modulation

process

Puc. 13 — BnusiHue xecmkocmu rpy>uHbl C2 (i) Ha npouecc modynsayuu dasneHus
Cnuka 13 — Ymuuyaj kpymocmu cz onpyee (i) Ha npouec modynayuje npumucka

5
12#10

Fo
—0.8Fo
—1.2Fo

Pressure [Pa]
(2]

Time [s]

Figure 14 — Influence of the preload force Fo of the spring (c) on the process of pressure

modulation

Puc. 14 — BnusiHue ycunus npedHamsiza Fo npy»<uHbl (C) Ha npouecc Modynsayuu

OasrneHust

Cnuka 14 — Ymuuaj cune npedHanpe3ara Fo onpyae (c) Ha npoyec modynayuje

rnpumucka
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Changing the pre-tightening force Fo 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.

5
12#10 T T T T

—hk
—0.8hk
—1.2hk

10} r(r ]

Pressure [Pa]
[}
T
1

Time [s]

Figure 15 — Influence of the distance between the piston (a) and the piston (b) on the
pressure modulation process

Puc. 15 — BnusiHue paccmosiHusi Mexdy rnopwHem (a) u nopwHem (b) Ha npouyecc
moOynsayuu 0asrneHus

Cnuka 15 — Ymuuyaj pacmojarsa uamely knuna (a) u knuna (b) Ha npouec modynayuje
npumucka

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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#10°
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—0.81
—1.21

Pressure [Pa]
o

Time [s]

Figure 16 — Influence of the distance between the piston (b) and the spring (i) on the
pressure modulation process
Puc. 16 — BnusiHue paccmosiHusi Mex0dy nopwHem (b) u npyxuHol (i) Ha npouyecc
MoOynsayuu 0asrneHus
Cnuka 16 — Ymuuyaj pacmojara usmehy knuna (b) u onpyee (i) Ha npouec modynauyuje
npumucka

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 humber of variables
that affect the process of pressure modulation. Also, certain parameters
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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.

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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PYBPUKA TPHTW: 55.43.00 ABTOMOGUNECTpOEHNE
BWO CTATbW: opurmHanbHas Hay4yHas cTaTbs

Pesrome:

Beedenue/uyenb:  Modynsamop 0daeneHusi oOkasbigaem Hauborbwee
sosdelicmgue Ha OUHaMUYeCcKUue Xapakmepucmuku mpaHCMuccuu ¢
repeksnoYeHueM nepedad, He rpepbigasi MomMok MowHocmu. Modynsmop
OGaeneHuss — 3an4acmb KopobKu rnepeday, KOHmMposupyrowas
rosbiweHUe 0asrieHuUsi 8 y3nax MPEHUsI 8 MPOUECCe MePEKITOYEHUs
nepeday. 3a cyem ebibopa onNMUMasIbHO20 YripaeneHus rosbileHUem
OaerieHus npu U3MeHeHUU ypoeHsi nepedadu docmuzaemcsi CHUXeHUE
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OuHaMUYeCcKUx Hagpy30K 8 3ybdambix nepedayax U mernsoebix Hagpy30K
8 y3/1ax MpeHus.

Memodki: B daHHOU cmambe aHanu3upyemcs npuHuun pabomsi 00HO020
u3 peweHuli modensimopa OaerneHusl, a makxe erusHUe HEKOMOPbIX
rapamMempos Ha yrpaessieHue rnosbIlueHUeM 0asrieHUs1 rpu NepeKsiroyYeHuu
nepeday. [Nocne aHanusa npuHyuna pabombsl MoOyrsimopa OaerieHus
6bbina paspabomaHa uMUMmMauuUoHHasi Modesb 8 rnakeme rpospamMmMHOZ0
obecneveHuss MATLAB/Simulink.

Pesynbmamebi: B cmambe makxe npogedeH cpagHUmesbHbIl aHanu3
pesynibmamos, MoJly4YeHHbIX C MOMOWbI0 UMUMauUoHHoU modenu, u
pesynbmamos  ucfbimaHuli  ebibpaHHo20 MoOynsimopa OasreHus.
Pesynbmambl  MoOernupogaHusi  nokasanu  y0oesemeopumerisHoe
coenadeHue C 3KcriepuMeHmasbHbIMU pe3yfibmamamu. YcmaHoeneHo
npedesibHoe omkiioHeHuUe & pasmepe 10%.

Bbigodbl: PaspabomaHHasi umumauuoHHasi Moldernb obecrieyusaem
OomHocumernkHO fpocmoe U 6bicmpoe U3MEHeHuUe napamempos
Modynissimopa OaesrieHusi, @ makxe criocobcmayem 6ornee bbicmpomy U
NyqwieMy roHUMaHUK, Kak me Ufu UHble rnapamMempbl enusitom Ha
rosbilieHuUe 0aerieHUs 8 MPOLUECCE MEePeKrItoYeHUsI rnepedady.

Kntouesble crnioga: nepekrnoveHue rnepedady 6e3 paspbiga Momoka
MowHocmu, Modynsimop dasrnieHuss, ModenuposaHue.

Mogaenupare 1 cumynauuja paga MmogynaTopa nputucka Kog
MeHa4kMx NPeHOCHUKa ca MPOMEHOM cTerneHa npeHoca 6e3 npekuaa
TOKa cHare

Mowmup M. Opakynuh?, ayTop 3a npenucky, AnexkcaHdap C. bhypuh?,

Jlyka M. Monopau®, A6decenem b. Benmennax?, Cpemen P. Mepuh?

@ YHuBep3auTeT oabpaHe y beorpany, BojHa akagemuja, Kategpa
BOjHOMALLUMHCKOT UHXewepcTBa, beorpaa, Peny6nuka Cpbuja

6 AMCC LleHTap 3a ucnutusarse Bosuna, AJP na6oparopuja,
Beorpap, Penybnuka Cpbuja

OBJIACT: mMaLmnHCTBO
KATEFOPWJA (TUIM) UNAHKA: opyruHanHm Hay4yHu pag

Caxemak:

Yeod/yurb: Modynamop npumucka uma Hajeehu ymuuaj Ha OuHamuyke
KapakmepucmuKke MeHadykux rpeHOCHUKa ca [POMeHOM cmereHa
npeHoca 6e3 npekuda moka cHaze. [lpedcmaerba efleMeHm MeH-a4ykoe
MpPeHOoCHUKa Koju KoHmposnuwe rnosehawe rpumucka y hpuKyUOHUM
CK/ionosumMa IMmMoKOM rpoueca fpoMeHe cmerieHa rpeHoca. V36opom
onmumajsiHe KOHmposie rnpupawmaja npumucka npu rnpoMeHuU cmerneHa
fipeHoca rnocmuxe ce cmarberbe QUHaMu4KuUx orimepehersa y 3yndacmum
MPeHOCHUUUMa U mepmMuyKkux onmepehera y opUKYUOHUM CKITOMosuMa.
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Memode: AHanusupaH je npuHUuUn jedHoe 00 peuwera Modesiamopa
fpumucka, kKao U ymuuyaj rojeduHux rapamemapa Ha KOHMPOIy
npupawmaja npumucka y MoKy rpoMeHe cmereHa rpeHoca. HakoH
aHanusze npuHyuna pada modynamopa Mpumucka, paseujeH je
cumynayuoHu moden y cogpmeepckom nakemy MATLAB/Simulink.

Pesynmamu: Pesynmamu 0obujeHu Kopuwherem cuMynayuoHoe
modesia yriopefjeHu cy ca ekcriepuMeHmarnHuMm pesysmamuma u3abpaHoe
modyriamopa npumucka. Pe3ynmamu cumynayuje cy rokasasnu
3adososrbasajyhe roknanare ca ekcriepuMeHmasnHuM pesysamamuma, y
epaHuyama 0o 10% odcmynara 00 eKkcriepuMeHmarsnHux pesynmama.

3akrbyyak: PassujeHu cumynayuoHu modesn oMoayhasea peniamusHo faKy
u 6p3y npomeHy rnapamemapa mModysiamopa npumucka, Kao u MoayhHocm
bpxxez u borbez pasymesara ymuuyaja rojedUHUX rapamMemapa Ha
rogehare npumucka moKoM rpoyeca npoMeHe cmereHa rnpeHoca.

KrbyyHe peyu: npomeHa cmeneHa ripeHoca 6e3 npexkuda moka cHaee,
modyrnamop npumucka, cumysayuja.
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