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Experimental and CFD Analysis of a
Gas-Lubricated Foil Thrust Bearing for
Various Foil Configurations

Thrust foil bearings operating at hydrodynamic conditions are self-acting
(aerodynamic) bearings that support high-speed shafts at mild loading
conditions with air as a lubricant and are generally used in low-power gas
turbines. This paper presents an experimental study and a detailed
computational analysis of dynamic characteristics of the foil thrust bearing
(FTB) in terms of load-carrying capabilities as a function of thrust runner
speed and gap between the bearing assembly and the runner by
considering the effect of bearing parameters such as number of foils, shape
of the foils, and assembly of foils on the bearing pad. The parametric study
was conducted on a newly conceptualized bearing test rig capable of
rotating up to 45,000 rpm speeds that measured the axial loads of the air
foil thrust bearings (AFTB). The computational model of the foil thrust
bearings for various configurations with top foils is simulated using
multiphysics software for foil deflections and pressure distributions on the
foil surface. The numerical results were compared with the experimental
values, while the air foil thrust bearings with multilayered foils called
cascaded foils (patented) had higher load capability in comparison to
other conventional bearing models.

Keywords: Self-acting, air foil thrust bearing, cascaded foils, square foils,

wedge film, pressure profile, and stiffness.

1. INTRODUCTION

Foil bearings are self-acting hydrodynamic bearings
supporting lightly loaded high-speed shafts with
physically non-contact operation using fluid (typically
air) as a medium in hostile environments. The gas or air
that is present in between the high-speed runner and the
foil acts as a lubricating medium and supports the axial
load at high speed due to the formation of air wedge
film, while the foil provides damping and stiffness.
Basically, air foil thrust bearing (AFTB) operates under
two conditions: one is hydrodynamic, and the other is
by hydrostatic condition. In the hydrodynamic mode of
operation, the bearing is termed as self-acfting, and the
load is supported only due to the formation of an air
wedge film between the foil assembly and the runner by
which the air pressure increases. Whereas in the case of
hydrostatic bearing, pressurized air is supplied
externally through an orifice between the runner and foil
assembly that carries the load acting on the bearing at
low-speed operation. In order to accomplish the
required load-carrying capabilities, accurate
manufacturing with improved foil design of air-
lubricated foil bearings is necessary for their effective
operation at higher speeds. The benefits of these
bearings in high-speed turbo machinery are significant
and include reduced weight, reliability, contamination-
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free environment, high-temperature operation, and
absolute use of lubricant [1]. Some major limitations of
these bearings are namely lower capacity than roller or
oil bearings, wear during start-up and stop cycles, and
require high speed for operation. The most common
applications of these thrust foil bearings include high-
speed turbines, food processing industries, aircraft,
aircraft cooling turbines, lightly loaded gas turbine
engines, and air cycle machines.

Earlier theoretical models and numerical studies on
foil thrust bearings (FTB) by H Heshmat and others [2]
on converging foil geometry are phenomenal in
obtaining fluid film thickness and foil pressure profiles.
Numerical plots on pressure distribution and foil
deflection of hybrid air foil thrust bearings (HAFTB) for
various design and operating parameters by Lee and
Kim [3], FEA modeling and simulation in COMSOS by
C A Heshmat et al. [4], pressure profiles for various
film thickness ratios of FTB by Gad and Kaneko [5],
fluid film thickness and pressure contours of gas foil
thrust bearing (GFTB) for lower speeds obtained by
Kim et al. [6], and gas film thickness with surface
pressure on novel GFTB with taper grooves by Hu and
Feng [7] were beneficial in providing boundary
conditions for the present work. Fluid-thermal-structure-
interaction studied by Cheng Xiong and others [8] for
an AFTB of 47 mm diameter at 151krpm speeds,
analysis of annular top foil by Markus et al. [9] for an
AFTB of 54 mm diameter up to 120krpm speeds, and
numerical analysis with rectangular grooves on the top
foil for an AFTB of 38 mm diameter at 30,000 rpm
speeds played a significant role in modeling and
simulation of the present work. Theoretical and
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numerical investigations by Wu and Hu [10] analyzed
the change in lubrication of an AFTB during start and
stop cycles by concluding that an increase in surface
roughness increases the lift-off speed and, hence, the
contact time. Multiphysics CAE simulation by Yu and
Wang [11] verified the accuracy of the computational
method by building a 3D fluid-structure interaction
(FSI) model of GFTB manifested pressure and
temperature distribution along with foil displacements.
Experimentations by Supreeth S et al. [12, 13] on foil
thrust bearings with various top foil configurations at
different speeds, along with simulations in ANSYS,
threw awareness on the term foil stiffness. Some
experimentations by R N Ravikumar and others [14, 15]
on top foil configurations added enormous knowledge
to the present study. Few review literature [16-18]
furnished deeper knowledge on numerous research gaps
and factors affecting the load capabilities of FTB.
Oil-film pressure on the journal bearing lubricated
with various lubricants was analyzed by Ramaganesh R
et al. [19], and Diaphragm deformation of a piezo-
resistive pressure microsensor was analyzed by F.
Pashmforoush [20] using COMSOL multiphysics
helped in pressure boundary conditions for the present
AFTB modeling and simulations. From the literature
survey, it is evident that the performance of foil
bearings is mainly defined in terms of load-carrying
capabilities and is often considered a better choice with
respect to conventional oil bearings due to their use in
relatively high-speed applications. The current study
comprises testing AFTB with four copper foil
arrangements (without bump foil) on a bearing test rig
that is developed for the purpose along with CFD
simulation for validation and hence selects the optimum
foil design that enhances the load-carrying capability.
Various literature on AFTB by numerous scientists and
researchers have considered the top foil with bump foil
and or viscoelastic supports for their analysis, while no
literature is available on foil thrust bearing without
bump foil. This paper mainly focuses on gas foil bearing
without bump foil, which reduces the design's
complexity and increases the top foil stiffness along
with newly conceptualized cascaded foils (patented).

2. EXPERIMENTATION

The bearing test rig is an instrumented equipment that
measures the axial load, operating speed, and the dis—
tance between the bearing (foil tip) and the thrust runner.

The AFTB test rig is pictured in Fig. 1, and the foil
thrust bearing assembly is in Fig. 2. The thrust runner
made of aluminum alloy (60 mm diameter with 10 mm
thickness) mounted on a turbocharger that is driven by
an air compressor is capable of operating up to 45,000
rpm speeds.

The thrust foil bearing assembly is placed parallel to
the runner vertically (Fig. 2) and is mounted beneath the
S-shaped load cell that measures the axial load (N) on
the bearing having to and fro displacement (mm). The
magnetic probe measures the thrust runner's operating
speed (rpm), which carries two neodymium magnets on
either side (embedded in the circumference of the thrust
runner). Copper sheets are used as foils in the present
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study that are prepared using wire electrical discharge
machining (EDM) and bent using a machine vice. These
foils are fixed on the bearing pad made up of 3D
printing technology (silver metallic) with 60 mm
diameter and 12 mm thickness.

The two main foil shapes depicting the inner edge (IE)
and outer edge (OE) are sketched in Fig. 3, and it is
observed that the height of the IE and the OE of the
angular foils of FTB plays a significant role in load bearing
capability. Throughout the paper, IE£OE represents the
height of IE and OE are different, i.e., the leading edge
(free end) of the foil is not parallel to the runner or to the
bearing pad surface. Similarly, IE=OE represents the
height of IE and OE the same, i.e., the foil's leading edge is
parallel to the runner or to the bearing pad surface. It is
found that the air wedge over the foil varies both radially
and circumferentially for FTB with foils having IE#OE,
while the air wedge over the top foil has a constant radial
width and varies circumferentially for FTB with foils
having IE=OE. The parameters of the GFTB considered
for the present study are given in Table 1.

The experimentation includes measuring thrust loads
of the air foil bearing with four different foil confi—
gurations as below:

1.  AFTB with square-shaped foils

2. AFTB with angular foils (IE£OE)

3. AFTB with angular foils (IE=OE)

4.  AFTB with cascaded foils (IE=OE)

Revolving Handle

Figure 1. AFTB test rig

The dimensions of the square foil are 22 mm by 22
mm with a thickness of 0.2 mm and an inclination of
12.8°. The dimensions of the angular foils (for both
cases) are about 8 mm inner radius and 30 mm outer
radius with a thickness of 0.2 mm. The geometry of the
angular foil with IE=OE is slightly modified by inc—
reasing the length of the trailing edge of the fixing edge
of the foil by 4.5 mm. Cascaded foils or multilayered
foils (Indian Patent granted with reference no. 3663
/CHE/2015 and patent no. 420041) are prepared by
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fixing the angular foils of different sector angles on the
bearing pad such as the foil of largest sector angle is
placed at the bottom and the rest of the foils placed over
it in descending order of sector angles. In the present
study, three foils in cascaded configuration with sector
angles of 90°, 67°, and 48° for bottom, intermediate,
and top foil, respectively, are considered, while the
thickness of the bottom foil being 0.2 mm and that of
the other two foils having 0.1 mm each.

Throughout the study, GFTB with three foils of each
configuration on the bearing pad are tested. The post-
tested bearing assembly with wear and tear of foils is
depicted in Fig. 4.

- A

Figure 2. Thrust foil bearing assembly

Outer Edge Outer Edge
(OE) (OE)
Inner Edge
(IE)
Inner Edge

(IE)

SQUARE FOIL ANGULAR FOIL

Table 1. Specifications of the proposed AFTB

The inner radius of the foil, r; 8 mm
The outer radius of the foil, 1, 30 mm
Foil material EC Copper
The sector angle of the foil, B 90°
Foil Inclination Angle, o 12.8°

Top foil thickness considered 0.2mm

Operating speeds considered 10 krpm, 15 krpm, 20 krpm,
25 krpm, 30 krpm, 35 krpm,

40 krpm, and 45 krpm.

Figure 3. Two main foil shapes

(@ (b)

Figure 4. Post-tested AFTB with (a) angular foils (IE=OE)
and (b) cascaded foils (IE=OE)
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3. SIMULATION

Modeling and analysis of a gas foil thrust bearing are
mostly limited to simple cases with rigid geometry and
constant lubricant properties, although they require ex—
pensive software and computing configurations. Analy—
tical modeling has advanced with increased computing
power such that advanced numerical modeling can be
conducted relatively cheaply and quickly. Computa—
tional analysis has been carried out to ensure the
pressure developed on various types of thrust foil
bearings at different speeds in the present study. Based
on the pressure developed on the foil surface, the load-
carrying capacity of the FTB is determined while the
foil deflections and stresses are also noted. The present
computational fluid dynamics (CFD) of FTB obtained
in COMSOL multiphysics software (being a pre-
processor, a solver, and a post-processing phase) uses
the concept of finite element analysis to solve real-time
problems. Compared to other software, COMSOL has a
physics-based interface, which allows users to define
the required partial differential equations. All four foil
configurations of GFTB are modeled using the NX
CAD software, as pictured in Figure 5, before importing
for simulation.

COMSOL multiphysics is used to analyze different
foil arrangements of air foil thrust bearing to simulate
pressure distribution, stress, and displacement of the
foil. A general overview of the procedure developed to
analyze the AFTB is explained in detail.

» Variables and Materials

The variables used in the present analysis are presented
in Table 2. The fluid boundary (rectangular sector) is
assigned with air as a material with 1 kg/m’ as the
density and 1.983e-5 Pa*sec as the dynamic viscosity.
The foil (structural domain) is assigned with copper as
the material, with 8954 kg/m’ as the density, 0.33 as the
poison's ratio, and 110e’ Pa as Young's modulus.

> Boundary Conditions

Free deformation boundary conditions are provided to
the fluid domain, and all the surfaces of the rectangular
sector except the rectangular faces are selected as walls,
which defines the fluid flow path. The fluid domain is
selected and assigned with a prescribed mesh boundary
displacement condition that defines the deformation of
the fluid mesh corresponding to the deformations of the
foil and the rotation of the runner.

»  Fluid-Structure Interaction (FSI)

The foil is selected and given FSI boundary condition
(as shown in figure 6 (a) for cascaded foils). Since the
assumed foil material (copper) is linearly elastic, the
entire foil is selected as a linear elastic material that
defines the linear stress-strain variation in the material.
» Open Boundary

The open boundary node is used to set up mass transport
across boundaries where both inflow and outflow can
occur. This outflow condition applies to the parts of the
boundary where fluid flows in and out of the domain.
The side walls of the fluid domain are selected as open
boundaries, as shown in Figure 6 (b).

» Moving Wall

The top surface of the fluid domain is selected as a
moving wall boundary condition (as in Figure 6 (c)).
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Previously defined and derived variables u, v, and w are
specified in the velocity field corresponding to the x, y,
and z direction for the moving wall, which in turn
specifies the rotary motion of the runner.

» Constraints

The key, which is in contact with the foil and the bottom
surface of the fluid domain, is selected as a fixed
constraint (i.e., displacement at all directions is zero),
which idealizes the foil as an inclined cantilever beam.
The selected fixed constraint of the foil is shown in
Figure 6 (d).

» Meshing

The size of the mesh to be created for the model is
specified as a course, which is calibrated to fluid
dynamics mode in COMSOL. The element type of the
mesh is defined as free tetrahedral, and the meshing is
performed over the entire geometry, while the software
considers finer mesh elements at complex sections
(Figure 6(¢)).

> Solving

This problem is solved under steady state dynamic con—
ditions with displacement of the runner in the Z-direc—
tion being assumed as zero. There is no contact between
the top foil and the runner surface at start and stop cyc—
les as in the experimental case, while the same is assu—
med (or provided) with some clearance (in microns).
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Figure 5. AFTB model with (a) square foils, (b) angular foils
having IE # OE, (c) angular foils having IE = OE, and (d)
cascaded foils

Table 2. Variables of CFD study

Name Expression
r sqrt(z 2 +y " 2)

Description

radial coordinate zy-
plane
omega | 2*pi*30000/60[rad/s] | angular velocity

phi atan2(z, y)

azimuthal angle

u 0[m/s] rotor velocity in x-
direction

% omega*r¥sin(phi) rotor velocity in y-
direction

w -omega*r*cos(phi) rotor velocity in z-
direction

(c)

VOL. 51, No 4, 2023 = 535



(e)

Figure 6. (a) Fluid-structure interaction (FSI) boundary for
cascaded foils, (b) open boundary walls, (c) moving wall of
the fluid domain, (d) fixed constraint of the foil structure,
and (e) meshing

4. RESULTS AND DISCUSSIONS

Experimentations were conducted for all FTBs with
four different foil arrangements for dynamic conditions
in terms of load-bearing capability for operating speeds
catering up to 45,000 rpm. Three square foils are fixed
on the bearing pad and are mounted parallel to the thrust
runner, with the minimum distance between the runner
and the foil being zero. Once the runner is operated at
10,000 rpm, the thrust load is noted from the load
indicator and similarly for all other possible speeds of
the test rig. This procedure is repeated for three angular
foils (IE#OE and IE=OE) and cascaded foils with all the
values being plotted in Figure 7(a). From the graph, it is
evident that the axial load of an AFTB is directly
proportional to operating speeds, while the cascaded foil
AFTB carries the highest loads in comparison to other
foil combinations. Angular foils with IEZOE have the
least load-carrying capacity because only a small
portion of foil resists air flow, and hence the pressure
developed is small. It is observed that the square foil
configuration has a larger load-bearing capacity as the
larger portion (surface) of the foil resists the fluid flow,
leading to larger pressure developed with a greater
radial length. Hence, the foil material is utilized to its
full capacity, unlike in the IE£OE case, wherein there is
not much improvement in the load-bearing capabilities.
Moreover, the angular foil with the configuration of
IE=OE has a higher load-carrying capacity (greater
pressure) than that of square foils because of the larger
circumferential surface that resists the air flow.

It can also be seen that the load reaches higher at
40,000 rpm, and then it decreases due to increased
deflection at increased speed, resulting in increased film
thickness. This speed versus load graph depicts that at
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higher speeds, the load capacity of the foil increases
nevertheless for a tolerable range of speed. In cascaded
configured foil thrust bearing (patented), the highest
load capacity is observed due to an increase in number
of foils that increases the foil stiffness of the bearing.
This trend is observed at different speeds throughout the
study. As the number of foils increases, the formation of
uniform wedge film increases in the radial direction,
which enhances the load-carrying capabilities of the
AFTB and, hence, the optimized foil configuration. FTB
with single foil, two foils, and three foils for all foil
configurations are mounted on the bearing pad and
tested for 45,000 rpm speeds, as plotted in Figure 7(b).
This eventually concludes that load bearing capability
of an AFTB increases linearly with an increase in the
number of foils for any type of foil configuration.
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Figure 7. (a) Load capacity of the FTB for all foil configu—
rations (b) Load capacity of AFTB with varying numbers of
foils at 45,000 rpm
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Figure 8. Pressure distribution plots for (a) square foil, (b)
angular foil with IE¥OE, (c) angular foil with IE=OE, and (d)
cascaded foil

The importance of the CFD study is to analyze the
pressure profile and deflection of the foil of an air foil
thrust bearing for all the mentioned foil arrangements.
Figure 8 shows the pressure distribution obtained after
steady state dynamic analysis of the modeled AFTB for
different configurations of foils with 0.2 mm top foil
thickness at 30,000 rpm. In this study, the operation
speeds of the bearing test rig that is limited up to 45,000
rpm, whereas in CFD simulations, the rotational speeds
can be given higher. The major assumptions of the
simulation study are the course meshing, the fluid
boundary being limited up to the bearing assembly, and
steady-state dynamic analysis. These assumptions are
majorly made in reducing the computational solving
time. The simulations are solved for all operating speeds
from 10,000 rpm to 45,000 rpm, and in all cases, the
pressure is high at the tip of the top foil (almost near to
the free end of the foil) where the air film thickness is
minimum. These results are in agreement with the
theoretical predictions of the various AFTB mathe—
matical models developed by previous researchers and
scientists.

As the initial contact between the thrust runner
(moving wall) and the top foil is more in the case of
IE=OE, there is more pressure developed in this case as
compared to that of IE£OE from the plots. Since the foil
leading edge undergoes some deflection, the maximum
pressure point gets shifted circumferentially inwards.
Although the pressure distribution in the case of
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cascaded and angular foils with IE=OE appears to be
similar, at high speeds, the maximum pressure region
shifts radially inward in the case of IE=OE, which is
lesser in comparison to cascaded or multilayered foils.
Similarly, the deflection of foils is analyzed for all
configurations of foil assembly. From the contour plots
shown in Figure 9, it is observed that the deflection is
more at the tip of the foil.
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Figure 9. Deflection contour plot of (a) square foil, (b)
angular foil with IE#OE, (c) angular foil with IE=OE, and (d)
cascaded foil
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Figure 10. Stress contour plot for (a) square foil, (b) angular
foil (IE#OE), (c) angular foil (IE=OE), and (d) cascaded foil

The foil inherits the behavior of an inclined
cantilever beam, and the order of deflection is higher at
higher rotational speeds. Also, it is observed that the
surface stress distribution is fairly even throughout the
foil-bearing configurations, mainly because the fluid
load is almost constant during dynamic analysis. Figure
10 shows that the maximum stress is at the fixed end of
the foil, as the foil assembly resembles a cantilever
beam.

A parametric sweep study was conducted at different
running speeds of the AFTB under the same operating
boundary conditions and foil dimensions. The deflection
and pressure distribution results obtained for the simu—
lated air foil thrust bearings at runner speeds ranging
from 10,000 rpm to 45,000 rpm are noted. The pressure
distribution in terms of axial (thrust) loads for all speeds
is charted in Figure 11(a), while the foil deflection for
all speeds is charted in Figure 11(b). It can be observed
from these graphs that as the foil deflections are higher,
the load-carrying capability increases for all foil
configurations. The comparisons between experimental
values and COMSOL data for load-carrying capabilities
for different foil configurations are shown in Figures 12
and 13. The experimental values almost agree with the
computational results, and the cascaded (multilayered)
foil configuration AFTB has a higher load-carrying
capability than all other configurations.
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Figure 11. (a) Load capacity and (b) foil deflection plots for
different foil arrangements of AFTB

891 —=—COMSOL

—e— Experimental
7 4
64
54
4
3]
24
14

T T T T T T T T T
0 5000 10000 15000 20000 25000 30000 35000 40000 45000
Rotational Speeds (rpm)

Axial Loads (N)

@
3.0
—=— COMSOL
254 —®— Experimental
g 2.0+
2]
el
8 154
-
s
< 1.0
0.5+
0.0

T T T T T T T T T
0 5000 10000 15000 20000 25000 30000 35000 40000 45000
Rotational Speeds (rpm)

(b)

Figure 12. Comparison of load capacity between
experimental and COMSOL results for (a) square foils and
(b) sector or angular foils with IE#OE
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5. CONCLUSIONS

The present study on AFTB with four different foil
configurations operating up to 45,000 rpm evaluates the
bearing’s performance in terms of load capacity. The
dynamic characteristics of FTB are dependent on
various parameters, such as the gap between the foil and
runner, the shape of the foils, the speed of the runner,
and the effect of cascading. From the experimental
research work, it could be seen clearly that a simple foil
thrust bearing of 60 mm diameter is able to support a
substantial amount of thrust load, which can be
compared to the existing air foil thrust bearing where
bump foils are used with the top foil.

Computational analysis in COMSOL multiphysics
configured the pressure distribution, foil deflection, and
stress contours for AFTB with square foils, angular foils
with IE£ZOE and IE=OE, and cascaded foils with IE= OE.
Angular foil with IE#OE had the least load-carrying
capacity compared to square foil due to a small portion of
the foil surface resisting the gas flow. Whereas the
angular foil with the configuration of IE=OE has en—
hanced load carrying capacity than square foils, cascaded
foils with three angular foils with IE=OE supported larger
loads due to the number of wedge films.

—=— COMSOL
—e— Experimental

Axial Loads (N)
(o]

T
0 5000 10000 15000 20000 25000 30000 35000 40000 45000
Rotational Speeds (rpm)
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—a— COMSOL
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T T T T T T T T T
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Rotational Speeds (rpm)

(b)

Figure 13. Comparison of load capacity between
experimental and COMSOL results for (a) sector foils with
IE=OE and (b) cascaded sector foils with IE=EOE

The variation of foil deflection for all four foil
configurations for different speeds indicates that as the
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foil deflection is lesser, the load-carrying capability is
higher. The experimental and CFD data of all AFTB foil
arrangements are in concurrence, while the multilayered
foils carried higher thrust loads.
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ABBREVIATIONS

AFTB Air Foil Thrust Bearings

FTB  Foil Thrust Bearings

GFTB Gas Foil Thrust Bearings

HAFTB Hybrid Air Foil Thrust Bearings

CFD  Computational Fluid Dynamics

EDM  Electrical Discharge Machining

IE Inner Edge of the foil

OE Outer Edge of the foil

IE#OE Inner Edge unequal to Outer Edge of the Foil
IE=OE Inner Edge equal to Outer Edge of the Foil
3D Three Dimensional model

FSI Fluid- Structure Interaction

EC Electrolytic Copper

RPM  revolutions per minute

EKCIIEPUMEHTAJIHA 1 CFD AHAJIM3A
IIOTUCHOT JIEXKAJA O ®OJIUJE
IHOAMA3AHOI TACOM 3A PA3JIMUUTE
KOHOUT'YPAIIUJE ®OJINJE

P.H. PaBukymap, K.I1. Patanpay, B. Apyn Kymap,
C. Cynpur

JlexajeBn mnotucHe (onmje KOju pane y Xuapo—
JMHAMUYKKM YCJIOBMMa Cy caMOJICjHH (aepoJuHa—
MHYKH) JISKAjeBH KOjH IOJPKABAjy OCOBHHE BEIIMKE
Op3uHe Tpu OnarmM ycloBHMa omnTepehema ca Baz—
IyXOM Kao Ma3WBOM M I€HEpaHO ce KOPUCTE Y TaCHUM
TypOuHama Mmane cHare. OBaj paa TMpencTaBiba €KC—
NepUMEHTAJHY CTYAWjY W JA€TaJbHY padyHapcKy aHa—
M3y AMHAMHYKHX KapakTepucTHka (oiuje MOTHCHOT
nexaja (OTH) y mormemy crmocoOHOCTH HOCHBOCTH Y
¢yHKIMjM Op3uHE MOTHUCHOT KiM3ada U 3a3opa uaMely
CKJIONa JieKaja ¥ Kin3zada yzumajyhu y o03up edekar
napamMeTpHu Jiekaja Kao mTo cy Opoj domuja, o0imMK
¢dommja m MoHTaxa QonMja Ha NOMJIOTY JIeXKaja.
[Tapamerpujcka cTyauja je cripoBeleHa Ha HOBOKOH—
LENTyaIn30BaHO] ONpPEMH 32 HCIIUTHBAIE JIeXkajeBa
Koja je cmocobHa ma porupa mo 45.000 obpraja y
MUHYTH KOja je MepwWia aKchjaiHa omnTepehema
MOTHCHUX JexajeBa BazaymHe ¢(ommje (ADTD).
PauyHckn Mozen NOTHCHHX JiexajeBa ¢oiuje 3a
paznuuute KoHpurypauuje ca ropwmuM (oaujama
CHMYJIMpaH je KopuihemeM MylITUPH3UYIKOT copTBEpa
3a mporu6 Qosuje u pacrnoaeiry NPUTUCKA Ha TOBPIIUHU
¢omuje. Hymepuuku pesyiaratu cy ymnopeheHu ca
eKCIIEPUMEHTATHUM BpPEAHOCTHMA, JOK CY IOTHCHH
JIe)KajeBH BasaylHe (oivje ca BUIIECIOjHUM (onujama
Ha3BaHUM KackajHe Qonuje (mareHTupane) uManu Behy
HOCHBOCT y OJTHOCY Ha JIpyre KOHBEHLIMOHAIHE MOJeIe
Jexaja.
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