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Studies of the efficiency of plain bearings used in microturbines
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Abstract: The article assesses the possibility of using plain bearings (using the example of radial bearings) in high-speed microturbines (up
to 60,000 rpm). The results of mathematical modeling of the thermal state of bearings and the oil layer between the shaft and the bearing
surface are presented. A detailed description of the stand, designed to analyze the effectiveness of radial and thrust composite plain
bearings, is given. The test bench allows testing of radial, thrust and rolling bearings, taking into account the deformation of the shaft from
the weight of the turbine and compressor wheels of the microturbine. The results of an experimental study demonstrate high accuracy of

calculations.
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1. Introduction

High-speed (up to 60,000 rpm) microturbines are a perceptive type
of engine, providing high specific power, low vibrations, low fuel
requirements [1, 2, 3]. However, at the same time, the efficiency
(efficiency) of such engines is often lower than that of piston
engines. One of the possible ways to increase the efficiency is the
use of plain bearings in the design of microturbines [4, 5]. The
main advantages of such bearings are vibration resistance, low
noise level during operation, compact radial dimensions [6].

2. Mathematical modeling of fluid bearings

Friction losses in sliding bearings depend on the sliding speed
and the area of wetted surfaces [7]. With a constant bearing
diameter, the only way to reduce the bearing area is to reduce its
length. However, it is necessary to take into account the distortion
of the shaft under the influence of the load. Therefore, when
calculating the bearing, the clearance should provide not only the
displacement of the shaft axis to create an oil wedge, but also the
minimum thickness of the oil layer even with a strong skew of the
shaft.

An important issue is the determination of the required
radial clearance in the bearing. The minimum possible clearance
between the rotor and the bearing stator (critical oil layer thickness)
should not be less than the total height of the microroughness,
multiplied by a safety factor of 2 [8].

One of the key parameters is the coefficient pv [9, 10],
which determines the indestructibility of the oil film with a lack of
lubrication. The calculated bearing must meet these parameters [11,
12].

In the course of work, a variant of a radial plain bearing
was considered. Based on the calculations, the skew of the shaft
reaches 0.045 mm.

The pressure distribution with a diametral clearance of 0.1
mm is shown in Fig. 2.1 and Fig. 2.2.
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Fig.2.1 - Bearing pressure without skew shaft
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Fig.2.2 - Béaring 'pressu!re with skew shaft

The ratio of the bearing force created under such
conditions to the required one as Kj,. If K, is more than 100% -
this means that the created lifting force is sufficient for bearingless
bearing operation. The calculation results are shown in table 2.1.

Table 2.1. Bearing Calculation Results

himi Nip | Ko

Shaft position 3, e, mm " ” »
mm mm kKW | %

Without skew 0,05 | 0.023 | 0,026 | 0,76 | 190
With skew 0,05 | 0.021 | 0,007 | 0,81 | 35

, 0 - radial clearance, e - eccentricity, hy, - minimum thickness of
the oil layer, N, - friction loss power.

3. Calculation of the thermal state of the

bearings

According to the results of mathematical modeling, the
maximum power of the generated heat reaches 0.81 kW. In this
calculation, we neglect the heat from the bearing to the environment
and bearings, assuming that in the steady state all heat is removed
by oil.

Oil consumption Q will be equal (1).

1 =
() ¢ P (tour —tin)
,where A - amount of heat; p - oil density; ¢ - specific heat of oil;
tou - Oil temperature at the outlet of the bearing; t;, - oil temperature
at the inlet to the bearing.

Substituting the characteristics of the oil, and given a
temperature difference of not more than 20 degrees, we obtain
Q=21,2 cm®s.

4. Test bench for microturbine bearing

prototypes.
The test bench was designed and manufactured for bench
testing of bearings designed for use in a microturbine. The stand is
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designed to test radial and thrust bearings with a shaft speed of up
to 60,000 rpm.

The design of the stand provides the following types of
tests of microturbine bearings:

-measurement of temperature indicators of the tested
bearings;

-measurement of shaft rotation frequency;

-measurement of the moment of resistance of the tested
bearings.

The developed design of the test bench allows you to
simulate the loads that arise during the operation of a typical design
of a microturbine with cantilevered wheels. The general view of the
test bench is shown in Fig. 4.1.

Fig. 4.1 - General view of the stand for testing bearings

The electric motor (1) is a drive device for the shaft (2)
passing through the bearing housing (3), which is mounted on the
mounting table (4) through the bearing assembly (5). The movable
housing design allows measuring the moment of rolling resistance
that occurs in composite bearings.

The electric motor allows you to accurately control the
shaft speed, as well as measure the relative torque. The electric
motor is equipped with a bellows coupling to compensate for
misalignment of the bearing housing shaft relative to the motor
shaft.

The shaft of the test bench (Fig. 4.2) is made stepped,
which allows you to test different models and types of plain
bearings on this bench without changing the shaft.

—

ig. 4.2 - Shaft of the test bench

On the lower edge of the bearing housing (Figure 4.3)
there are five threaded holes designed to drain the oil. Adapters are
screwed into each of these holes. They are equipped with
temperature sensors used to assess the temperature of the drained
oil. The drain line allows you to combine all the exits from the
bearing housing, and bring the drained oil back to the oil station.
The hoses used in the drain line have low bending resistance, which
allows us to neglect the forces arising from the deformation of the
hoses to determine the torque in the tested bearings.
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Fig. 4.3 - Thé lower edge of the bearing housing

A threaded hole is made in the side of the housing for installing the
rod, designed to be moved to the load cell (Fig. 4.4). In addition, the
bar provides space for the installation of balancing weights. On the
other side of the housing, a threaded hole is also provided for
installing the rod with balancing weights, which is necessary to
minimize the imbalance of the entire assembly.

Fig 4.4 — Load cell installation

The supply line is mounted on a mounting frame, which allows you
to transfer the center of rotation of the inlet fitting of the line to the
axis of rotation of the housing and thereby minimize the
measurement error. The supply line is equipped with three turbine
type liquid flow meters, as well as taps that allow you to adjust the
oil flow depending on the type of bearing being tested.

A protective cover closes the shaft exit from the bearing housing
(Fig. 4.5). This casing is necessary as an element of protection in
case of failure of the investigated bearings and possible
uncontrolled movement of the shaft of the bench with a simulation
mass having high kinetic energy.

Fig. 4.5 - Protective cover mounted on a stand

An oil hydraulic station is used as a device for injecting and
maintaining the temperature of the lubricant into the tested plain
bearings. Technical characteristics of the stand are shown in table
4.1
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Table 4.1 - Technical characteristics of the test rig for testing
bearings

Range of measurement of frequency of
rotation of the electric motor, min™

Range of measurement of torque on the
shaft of an electric machine, N-m

The accuracy of measuring the relative
torque on the shaft of the electric machine, | 5
%

0...60000

0...1

The accuracy of measuring the speed, % 5
Class precision load cell C3
Weight, kg 243

Overall dimensions, mm 2334x617x1626

5. The results of the experiment.
In the framework of this article, one type of test is considered that
corresponds to the conditions of the mathematical modeling. The
conditions of the experiment:

Shaft rotation speed 60,000 rpm;

Initial oil temperature 24 ° C;

Oil consumption: 21.2 cm3/ s.
A graph of the temperature of the oil at the outlet of the test bearing
relative to is shown in Figure 5.1.

20 25 30 35 40 45 50 55 60 65 70 Time,

Fig. 5.1 - Graph of oil temperature

As you can see from the graph, the difference between the
calculated and experimentally obtained values is less than 1.5°C,
which is less than 5%.

5. Conclusion

In this article, a mathematical model was developed for
calculating the distribution of oil and temperature in a liquid radial
bearing. The model provides high accuracy of calculations, and also
allows you to take into account the speed of rotation of the shaft and
its skew.

A bench was also designed for testing the sliding bearings of a
microturbine with a shaft rotation speed of not more than 60,000
rpm. The design of the stand allows you to analyze information
about the temperature state of plain bearings under various
conditions of oil supply. In addition, the design of the stand is made
in such a way that it is possible to measure the moment of resistance
that occurs in the bearings with minimal errors.

6. Acknowledgments

The paper was prepared under the agreement # 075-11-2018-
233 with the Ministry of science and higher education of the
Russian Federation (unique project identifier
RFMEFI162518X0045).

50

10.

11.

12.

13.

References

Cordova, Jose Luis, James F. Walton Il and Hooshang
Heshmat. High Effectiveness, Low Pressure Drop
Recuperator for High-Speed and Power Oil-Free
Turbogenerator GT2015-43718.

Nadareishvili, G, A. Kostyukov and K. Karpukhin, 2019.
Design Features when Using an Effective Microturbine as
a Range Extending Engine. Science & Technique,
Volume 18, Issue 6, p. 447-460.

Craig,P., 1997, “The Capstone Turbogenerator as an
Alternative Power Source” SAE Paper 970292.
Ter-Mkrtichian, G.G., A.S. Terenchenko and K.E.
Karpukhin, 2018. Alternative ways for vehicle ICE
development. International Journal of Mechanical
Engineering and Technology. Vol. 9, Issue 5, pp. 966-
973.

Angantyr, A., and Aidanpdd, J. (October 25, 2005).
"Constrained Optimization of Gas Turbine Tilting Pad
Bearing Designs." ASME. J. Eng. Gas Turbines Power.
October 2006; 128(4): 873-
878. https://doi.org/10.1115/1.2179463

Kozlov, AV., K.E. Karpukhin, A.S. Terenchenko
and J.G. Ter-Mkrtichian, 2017. Technical and
economic assessment of vehicle recycling cost in
the Russian Federation. International Journal of
Mechanical Engineering and Technology. Vol. 8,
Issue 10, pp. 82-92.

Karpukhin, K., A. Terenchenko, A. Kolbasov and V.
Kondrashov, 2019. The use of microturbines as an energy
converter for motor transport. International Journal of
Innovative Technology and Exploring Engineering,
Volume 8, Issue 10, pp. 2700-2703.

N.D. Chaynov. Design of internal combustion engines,
M.: Mashinostroyeniye, 2008.

Kozlov, AV., K.E. Karpukhin, A.S. Terenchenko and
J.G. Ter-Mkrtichian, 2017. Technical and economic
assessment of vehicle recycling cost in the Russian
Federation. International Journal of Mechanical
Engineering and Technology. Vol. 8, Issue 10, pp. 82-92.
Chuang-Chia Lin et al., "Fabrication and characterization
of a micro turbine/bearing rig," Technical Digest. IEEE
International MEMS 99 Conference. Twelfth IEEE
International Conference on Micro Electro Mechanical
Systems (Cat. N0.99CH36291), Orlando, FL, USA, 1999,
pp- 529-533, doi: 10.1109/MEMSYS.1999.746884.

Mark E. Ofterbein, The Effect of Aircraft Gas Turbine
Oils on Roller Bearing Fatigue Life, A S L E
Transactions, 1:1, 33-39,DOI:
10.1080/05698195808972312

J. R. Nygaard, M. Rawson, P. Danson & H. K. D. H.
Bhadeshia (2014) Bearing steel microstructures after
aircraft gas turbine engine service, Materials Science and
Technology, 30:15, 1911-

1918, DOI: 10.1179/1743284714Y.0000000548
Conway-Jones, J. M.; Leopard, A. J.(1975).Plain
Bearing Damage. Texas A&M University. Gas Turbine
Laboratories. Available electronically
from http: / /hdl .handle .net /1969 .1 /163835.

YEAR YV, ISSUE 2, P.P. 48-50 (2020)


https://doi.org/10.1115/1.2179463
https://doi.org/10.1080/05698195808972312
https://doi.org/10.1179/1743284714Y.0000000548
http://hdl.handle.net/1969.1/163835



