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Abstract. Floating ring bearing has the characteristics of simple structure, low power consumption
and high efficiency. It is suitable for high speed and light load occasions. It has been widely used in
high speed rotating machinery such as turbo charger, aviation engine and so on. Firstly, the
materials of each component of the turbocharger rotor system are selected. Secondly, parameterized
model of turbocharger floating ring bearing was established by the software DyRoBes-Beperf,
when ring ratio is constant analysis of oil film pressure distribution for floating ring bearing were
conducted, and eccentricity, oil film stiffness, damping variation with speed. The calculation in this
paper provides some reference for the design and analysis of the turbine rotor and the floating ring
bearing.

Introduction

Turbocharger is driving part of automobile engine, It play an important role for automobile
energy saving, emission reduction and improve the power. At present, turbocharger commonly uses
floating ring bearing as the supporting parts, its structure is shown in Fig. 1, floating ring bearing
has double oil film support. It has the advantages of simple structure, long service life, good
stability and so on, so it can be widely used in high speed rotating machinery.

Fig. 1 Structure diagram of floating ring bearing.

So far, a lot of research on floating ring bearing dynamic characteristics parameters has been
done at home and abroad: W. J. Zhang , W. Chen [1] considering floating ring and shaft neck rotary
angle speed, discussed the inner and outer layers of derived in nonlinear dynamic load of oil film
force analytical model, and analyzed the dynamic effect mechanism on ring ratio and whirl ratio of
floating ring structure parameters at the different speed eccentric mass and viscosity of lubricating
oil, and speed ratio matching system parameters sensitive to the degree of variation. S. Y. Xu, M.
Yan and others [2] considering the effect of thermal effect on the ratio of the ring, and with the
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experimental basis, modified calculation formula of floating ring bearing speed ratio. H. Zhang, Z.
Q. Shi [3] using finite difference method based on the mass conserving boundary condition (JFO)
characterization of inner and outer oil film pressure distribution of the Reynolds equation, derived
both inside and outside the oil film bearing capacity, flow rate and injection in oil film pressure oil
filling quantity of expression difference, starved lubrication state of oil film pressure distribution
model was built. Using MATLAB to carry on the simulation computation of floating ring bearing
lubrication mechanism, analysis the static load and supply pressure of the floating ring and the shaft
neck static equilibrium position, both inside and outside the oil film end discharge and differential
pressure oil filling quantity, and then discuss the starved lubrication condition of Journal of static
equilibrium position.

Basis on the lubricating fluid theory, considering the thermal efficiency to deal with oil film
viscosity, the inner and outer bearing eccentricity change rules with the speed were calculated, when
speed ratio is constant, floating ring bearing inner and outer oil film pressure ware calculated at the
different speed of turbocharger rotor, the dynamics analysis of the floating ring bearing provides an
important reference for research, designing of rotor system.

Nonlinear Dynamic Model of Floating Ring Bearing

Basic Model of Dynamic Lubrication of Floating Ring Bearing. For fluid lubrication problem,
the general assumption of lubricating oil is incompressible, according to the equations of the
Reynolods, based on the theory of short bearing model and plain bearing Reynolds equation, intima
and adventitia equation of floating ring bearing have been discussed, oil film dynamic equation of
floating ring bearing is get:

Outer oil film equation of floating ring:

2 e)e () -ou0, 2 )
OX ox ) oz oz OX

Inner oil film equation of floating ring:
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where, h is the oil film thickness, subscript i indicates the inner oil film, o shows the outer oil film;
U is the bearing speed, subscript r says floating ring, j indicates the Journal of the journal; P is the
oil film pressure, o indicates the outer oil film, i says the inner oil film. p is oil film viscosity, 1
expresses the inner oil film, and o is says the outer oil film.

The formula (1) is outer oil film pressure control equation, which shows that oil film pressure is
only determined by the floating ring speed, inner oil film pressure control Eq. (2) shows that inner
oil film pressure is controlled by the combined effect of the journal speed and floating ring speed.
Calculation of Ring Velocity Ratio Considering Thermal Effect. Thermal effect is an important
factor of the effect to turbocharger floating ring bearing dynamic characteristics, the main
parameters affected by the system thermal effect include floating ring bearing inner and outer layer
oil film viscosity, inside and outside gap, and ring velocity ratio of floating ring. The formula
adopted in this paper is [2]:

Q:gr - L1D3 C
i 1+1”070D§.C7i
LD, o (3)

Type: o, says floating ring speed, Q, indicates the shaft speed, ., wu,respectively express the
internal and external oil film viscosity; L,,L,6 respectively indicate the length of the internal and
external floating ring support; ¢ c, respectively say inside and outside oil film gap; p. b,
respectively express floating ring inside and outside diameter.

129



£

ATLANTIS

PRESS

Material of the Rotor System

Advances in Engineering Research (AER), volume 102

The impeller of the compressor is made of aluminum alloy, and the material of the rotor shaft
section is alloy of 40CrNi, and the impeller of turbine is made of the K-13 iron and the gold. The
performance parameters of these materials are shown in Table 1.

Table 1. Material Performance of the Rotor System.

Name Elastic modulus (GPa) | Density (kg/ m*®) Poisson ratio
Compressor impeller 72 2680 0.33
Turbine impeller 176 8000 0.30
Shaft section 200 7820 0.30

Analysis of Example

The structural parameters of one turbocharger floating ring bearing are shown in Table 2, the
bearing load is 15N, which direction is along the Y axis. Floating ring bearing wall thickness is
B=2.475mm, using the formula (3), ring velocity ratio of floating ring bearing can be calculated to

€=0.21.
Table 2. Parameters of Floating Ring Bearing.
Project of floating ring Value (mm)
Quality (kg) 0.006
Length (mm) Li=7, Lo=7.2
Inner and outer diameter (mm) Di=7.05, Do=12

Inner and outer Clearance (mm)
Inner and outer viscosity (Pa-s)

Ci=0.025, C0=0.045
wi= 0.02, 110=0.027

The dynamic characteristics of the floating ring bearing are calculated and analyzed by using the
special bearing analysis software DyRoBes-Beperf, and the structural parameters are shown in
Table 2. Eccentricity variation of a floating ring bearing with the rotational speed is shown in Fig. 2,
in the figure, o, o;, o, respectively indicate rate of outer oil film eccentric rate, bearing
eccentric rate and the inner oil film eccentric. Fig. 3 shows that: the three eccentric rate values of
floating ring bearing vary with bearing speed and all values decreases when the speed increase; and
the eccentric rate of the inner oil film is minimum, eccentric rate value of floating ring outer oil film
is maximum, and bearing eccentric rate take second place.

[ryFBeS-Geper
1= 0035 mrw, C2= 00475 wven, Speal Ratio = 021

Fictor Speed [rpm]

Fig. 2 Variation Law of Eccentricities of Floating Ring Bearing with Rotating Speed.
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These are centroid motion locus of a shaft neck and floating ring in Fig. 3, it can be seen from
the figure that axle journal center and floating ring mass center moved to the bearing center with
increasing speed, and eccentricities will decrease with increasing speed.

DyRoBeS-Beperf
C1=0.025 mm, C2= 0.0475 rmm, Speed Ratio =021
0.013

Journal and Ring Equilibriurn Positions

v

0.000

-0.013

-0.026

-0.032

-0.052

Fig. 3 Change of the track of the axis and the floating ring along with the rotational speed.

The oil film pressure of oil film bearing is composed of oil film pressure distribution, therefore,
the dynamic characteristics of the bearing is directly determined by the pressure of the oil film.
These are oil film pressure distribution maps of floating ring bearing at different speeds in Fig. 4.
The figure shows: when bearing axis speed increases to 300 thousands per minute from 10
thousands per minute, the minimum inner oil film thickness increases to 0.0245611mm from the
0.0149587mm and minimum outer oil film thickness increases to 0.0418767mm from 0.0106371,
inner and outer oil film thickness increases with the increase of rotational speed; maximum inner oil
film pressure decreases to 330.351kPa from 589.385kPa, oil outer film pressure decreases to
563.774kPa from 632.415kPa, inner and outer oil film maximum value decreases with speed
increases. Maximum oil film pressure changes little, when the speed value grow more than 100
thousands per minute.

DyRoBeS-Beperf

Bearing Data

LiLlo=7, 7.2 mm

Ds,Di=7,7.06 mm Y Besaring Data DyRoBeS-Beperf
Do,Db=12,12.095 mm Lilo=7 72mm

Ci,Co = 0.025, 0.0475 mim Ds Di=7,7.05 mm Y
CofCi=19 Do,Db =12, 12.095 mm

Mr = 0.008 kg Ci.Co=0.025,0.0475 mm

Mui = 20 cPoise CofCi=149

Muo = 27 cPoizse My = 0.005 kg

Speed Ratio = 0.21 X Mui = 20 cPoise

Muo = 27 cPoise

Rator RPW = 10000 rpm Speed Ratio = 0.21

ejf(Ci+Ca) = 0.6351

hrnin = 0.0149567, 0.0106371 mm
Proax = 632.415, 589,385 kPa

Loss = 0.0020 ki

Kixx xy = 1.1E4003, 8 5E+002
Kiyx yy = -2.1E+003, 1EHI03 Nimm
Ko, xy = 5.3E+002, -2E+002
Koysx,yy = -1 2E+H103, 2E+003 N/mm

G

& 2 Rotor RPM = 100000 rprm
"".'.ii'““\ 8jf(Ci+Co) = 0.2165
v, ‘ hirmin = 0.0238927, 0.0330771 rmm
',." 1 \‘ Prmax = 563.458, 360,177 kPa
/ ] Loss = 0.1838 kW
Il Wiy = 1.7E+003, B.2E+003
Wiy, yy = -1.2E+104, 1 5E+HI02 Nemm
‘-' Koxx,xy = B.BE+002, B.8E+I02

Kayx,yy = -1.3E+0103, 5.5E+102 Nfmm

() (n=10000r/min) (b) (n=100000r/min)

S
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Bearing Data DyRoBeS-Beperf

Lilo=7,7.2mm Bearing Data

Ds,0i=7,7.05 mm Y Lila=7,72mm
Do,0b =12, 12.035 mm Ds,Di=7,7.05 mm Y
Ci,Co=0.028, 0.0475 mm Do Db =12, 12.095 mm

DyRoBeS-Beperf

Sumie1a CI‘CDiDDES‘DDAPS mm
Mr=0.006 ky EA?’E‘D_DEBng
Mui = 20 cPoise Mui = 20 cPoise

Muo = 27 cPoise

Speed Ratio =0.21 Muo =27 cPuise

X Speed Ratio=0.21

Rotar RP = 150000 rpm
gjf(Ci+C0) = 0.1566

hrin = 0.024125, 0.0370131 mm
Pmax = 862.895, 342.856 kPa
Logs = 0.4131 kv

Kixx wy = 21E+003, 1. 2E+004
Kiyx yy =-1.7E+004, 1.8E+102 N/mm
Kowx oy = 6.9E+HI02, 1.1E+003
Koys,yy = -1.6E+103, 4 BE+002 Nfmm

(c) (n=15000r/min) (d) (n=200000r/min)

Bearing Data DyRoBeS-Beper Bearing Data DyRoBe=-Beperf
Lilo=7,7.2mm Lilo=7,72mm

Rotor RPM = 200000 rpm
ejf(Ci+Co) = 01217

hrin = 0.0243426, 0.039328 mm
Prax = 563.363, 337.039 kPa
Loss = 0.7349 kW

Kinx,xy = 2.4EH103, 1.6E+004
Kiyu,yy = -2.3E+004, 5 AE+002 MNfmm
Ko,y = 5.9E+002, 1.4E+103
Koy,yy = -2E+103, 4. 4E+102 Mimm

Ds,0i=7,7.05 mm Y Ds,Di=7,7.05 mm Y
Do, Db =12, 12.095 mm Do,Db =12, 12.095 rmm
Ci,Co =0.025, 0.0475 mm Ci,Co=0025, 0.0475 mm
CofCi=19 Co/Ci=19

Mr=0.006 kg Mr = 0.006 ky

Mui =20 cPoise Mui = 20 cPoise

Muo =27 cPuaise Mun = 27 cPoise

Speed Ratio = 0.21 Speed Ratio = 0.21

Rator RPM = 300000 rpm
ejf(Ci+C0) = 0.0836

hmin = 0.0245611, 0.0418767 mm
Pmax = 563.774, 330.351 kPa
Loss = 1.6563 kwW

Kinx sy = 31E+003, 2. 4E-+004
Kiyx yy = -3.5E+004, 1.2E+003 M/mm
Ko, xy = 7.1E4002, 2EHIO3
Kaoyx,yy = -2.8E4103, 4E+H002 Nfmim

Rotor RPM = 250000 rpm
ej/(Ci+Co) = 0.0992

hrnin = 0.0244736, 0.0408296 rmm
Prmax = 563.616, 332.677 kPa
Loss = 1.1492 kW

K xy = 2 7EHIO3, 2E+004
Kiys vy = -2 9E+004, 8 8E-+002 Nimm
Ko ey = 6.9E+002, 1.7E+003

Koyw yy = -2 4E+003, 4. 3E+102 M/mm

(e) (n=25000r/min) (f) (n=300000r/min)
Fig. 4 Oil film pressure distribution of floating ring bearing at different speeds.

Conclusions

In this paper, the dynamic model of lubrication of the floating ring bearing was established, and
the ring velocity ratio calculation of floating ring has been analyzed, and the dynamic
characteristics have been calculated:

(1) The eccentricities of the inner and outer oil film of floating ring bearing decrease with the
increase of rotating speed, and the eccentricity of inner oil film (o, ) is less than that of outer oil
film (o, ).

(2) The maximum oil film pressure of the inner and outer oil film will decrease with the increase
of the rotating speed, while the minimum oil film thickness increases.
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