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Abstract: The floating ring bearing (FRB) has been widely used in the field of high-speed rotating
machinery such as turbochargers, aviation engines and so on, because of its simple structure, high ef-
ficiency and low power consumption. In order to obtain the best ratio between inter-oil clearance and
shaft radius of the floating ring bearing necessitates the design reference of dimensional parameters
for the design of floating ring bearings. This study, based on the transfer-matrix method, developed
the dynamic model of the floating ring bearing-rotor system, and, using the Runge-Kutta analysis
method for floating ring bearings, the influence of oil film relative clearance ratio of floating rings on
rotor system stability was analyzed and studied. The optimum clearance ratio between inner oil film
and the shaft of floating ring bearings is A = 0.01. This research can provide some theoretical support
for the design of parameters and fault diagnosis of rotor floating ring bearing systems.

Keywords: floating ring bearing; turbocharger; relative clearance ratio; stability; rotor system;

rotor vibration

1. Introduction

A floating ring bearing is a kind of double oil-film bearing, which has the advantages
of simple structure and high efficiency. The floating ring is between the journal and the
rotating shaft. It can make the bearing have the characteristic of double oil-film support,
which is conducive to improving the stability of the system. A lot of research work has
been done about principle and theoretical analysis of floating ring bearings by domestic
and foreign scholars. For example, the influence of floating ring inner and outer oil-film
clearance ratio on turbocharger-rotor system instability was studied [1]. The study shows
that: when the gap ratio is small, inner oil-film whirl will lead to a destabilizing interval
of the rotor system, and an unstable interval of the rotor system depending on outside
oil-film whirl while gap ratio is larger. Using the Alford model, the impact of seal fluid
excitation force and tip clearance excitation force on rotor dynamic characteristics is taken
to be calculated about one type of ball bearing for automotive turbochargers, and the
results show that seal fluid excitation force increases system damping and reduces the
amplitude of the ball turbocharger rotor bearing system, system excitation increases the
cross stiffness, and reduces the steady-state response amplitude [2,3]. The finite-element
model of the turbocharger rotor is presented, and the model is investigated considering
the gyroscopic moment of the inertia wheel, bearing, sleeve and other factors, the change
trend in different bearing stiffness on the critical speed and mode of the turbocharger rotor
is calculated and the influence of support stiffness on the dynamic characteristic of the
turbocharger rotor is analyzed. The working speed of the turbocharger rotor is high, up to
300,000 rpm. It has strict technical requirements and is a research hotspot. Zhu et al. [4]
present a dynamic model of the double cantilever of a turbocharger rotor and carry out
numerical analysis using MATLAB software. Through spectrum analysis, they show
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that the frequency of oil whirl is slightly less than 0.5 times the working speed; in small
eccentricity, oil-film instability of the rotor system will occur with small rotating speed, and
with rotor eccentricity increasing the stability of rotor movement will be improved. The
inner oil-film clearance in the floating ring bearing directly contacts the rotor, which has
a great influence on the vibration of the rotor. All of the abovementioned studies do not
take into account the influence of the relative clearance of the floating ring bearing on the
dynamic stability of the rotor system. The rotor system of the turbocharger is complex and
has nonlinear dynamic characteristics, so its analysis and calculation are cumbersome.

This work aims to evaluate dimension parameters of FRB in the stability analysis
of rotating systems supported by FRB. For the dynamic problems of floating ring bear-
ings, researchers have proposed several simplified linear methods to analyze the dynamic
characteristics of bearings [5]. The multi-scale finite-element method is used to establish
the dynamic model of floating ring bearings, in which paper, the calculation results are
compared with the test results to verify its correctness. This method improves the efficiency
of calculation and analysis [6]. For the high-speed rotor of a turbocharger, its working
speed is high, so the lubrication of the rotor system is very important. For the bearing lu-
brication problem, the floating ring calculation model is presented, based on the numerical
solution of Reynolds equation and Pavel, and the calculation results are analyzed [7,8].
A nonlinear model considering the influence of thermal fluid is carried out, and the in-
fluence of thermal fluid dynamic model on rotor dynamic stability is proposed [9]. The
finite-element method is used to establish the calculation model of the floating ring rotor,
to simulate the system startup and shutdown process, and calculate the oil-film force in
each stage of the system [10]. Using the multi-scale calculation method and considering
the influence of various coupling factors, a new bearing-modified lubrication calculation
model is proposed to improve the efficiency of bearing system analysis [11]. In the past
two decades, it is generally believed that bearing surface roughness has a great impact on
bearing performance. Therefore, many researchers focus on the study of surface texture
as micro trap [12-16]. Bearing failure is closely related to its surface morphology [17-19].
The influence of the bifurcation sequence on the bearing system is studied by using a
nonlinear hydro-dynamic model, and analyzed by calculating the working state of the
bearing rotor [20-24]. With the continuous development of dynamic theory and technology;,
the accuracy of its calculation method and modeling is continuously improved, which
provides support for the dynamic analysis of the rotor system [25].

With the popularization of the application technology of rotating machinery, research
of its nonlinear dynamics has become one of the hotspots [26-28]. The factors considered
in calculation are increasing, including shaft torsional deformation and complex structural
factors. Non-contact bearings, such as magnetic bearings and air bearings [29,30], are also
another hot issue studied in recent years. However, the application of this kind of advanced
bearing is not common at present. For the turbocharger with the function of energy saving
and emission reduction, the floating ring bearing is widely used, and its size parameters
have a great impact on the performance of the rotor system, especially its mating size, and
the relative clearance of the inner oil film is closely related to the working stability of the
system. The above research results do not consider the influence of the ratio of oil-film
clearance to shaft radius on the stability of bearing system.

This research takes a floating ring bearing-rotor system as the research object, using
the Prohl transfer-matrix method to develop the dynamics model of the floating ring
bearing-rotor system, and, using the Runge-Kutta method, the concept of relative clearance
of floating ring bearing is proposed, and the effect of floating ring bearing relative clearance
on the stability of a rotor system is analyzed, which provides an important reference for
the design and application of floating ring bearings. The results show that with an increase
in the relative clearance, the rotor stable-speed range of single periodic will decrease, and
the instability initial speed will decrease. At the end of the work, the floating ring rotor
test-bed is established to test the vibration characteristics under different parameters to
verify the correctness of the theoretical model and conclusion of this study.
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2. Dynamic Model of Floating Ring Bearing-Rotor System
2.1. Rotor Dynamics Model of Floating Ring Bearing

The rotor system can be simplified to a three-mass and two-disc massless shaft section.
When floating ring bearing-rotor dynamics system modeling, support for the rotor left
and right ends are floating ring bearings, intermediate is a rigid single disc. The dynamics
finite-element model is shown in Figure 1. At the same time, the gyroscopic effect is
neglected, and the torsion and shear effects are not considered.

tray

1_

7l Afloating ring 1 floating ring 2 ¢ =M

ol T
Figure 1. Dynamic finite-element model of the floating bearing-rotor system.

When analyzing the floating ring, the quality of the floating ring is very light, as
the floating ring is seen as no mass eccentricity, ignoring the influence of the centrifugal
force produced by the floating ring. The floating ring is only affected by the gravity of the
floating ring, i.e., the inner and outer oil-film force. The rotor is subjected to force, and the
journal is affected by the rotor gravity, the oil-film force and the centrifugal. According to
Newton’s second law, the dynamic equation of the floating ring bearing-rotor system is:

mrkr :fox _fz'x

myy, = foy — fiy —mg

miXj = fir + mjew;sin(w;t)

mjy; = fiy + mjewj cos(w;t) —mjg

M

where m,g is floating ring weight; m;g is rotor weight. The inner and outer oil-film
forces need to be treated with the rotor system equation without quantization, where
T = wijt is dimensionless time, dimensionless displacement and velocity of the ring is:
Xy =xe/¢i, Yr = yp/ci, X'y = x4 /ciw;, Yy = v,/ ciwj, dimensionless displacement and
velocity of the rotor is: X; = ¥;/c;, Y; = y;/c;, X'j = fj/(ciwj), Y, = ?j/(ciwj). The
dimensionless dynamic equations of the floating ring and the rotor are obtained by the
unified dimensionless treatment:

X;, = Fox/ My — Fiy / M
Y;/ :Poy/Mr*Fiy/Mk*Gi )
X/ = Fiy/ M+ psin(x) X @

Y]f' = Fyy/Mj+pcos(t) — G - Y,

2.2. Inner and Outer Oil-Film Force Model of FRB

In this study, the length to diameter ratio of the floating ring bearing is 0.5 <L/D <1,
the eccentricity is less than 0.5 and the Capone short bearing oil-film force model is selected
according to [31]. The dynamic model of the floating ring bearing is presented as shown in
Figure 2. The ring is between the shaft and the bearing bush. An inner oil film is formed
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between the shaft and the floating ring, and an outer oil film is formed between the ring

and bearing bush.

floating ring

floating ring

shaft

bearing bush

(a) (b)

Figure 2. Schematic diagram of bearing: (a) schematic diagram of floating ring bearing; (b) floating

ring model.

According to the theory of Capone modified short bearing, the dimensionless analyti-
cal formula of the outer oil-film force of the floating ring bearing along the direction of x

and y [30] is:

Fox | _ A 3X,V, — Gysina, — 25, cos &, 3)
Foy | 771 3Y;Vo — Gocosa, — 25, sina,
The starting angle of the outer oil-film pressure of the floating ring bearing is a,:
B Y, +2X, 7w . Y, +2X] T ,
Ky = arctanm 7 sign X, —2v] - sign (Y +2X7) 4)

The symbols of A,, Go, Vi, So in the Equation (3) are as follows:

1
A (X —2v})+(vr+2x1)?] 2
o 1-X7-Y?
Go(Xo, Yo, 0p) = —2—— - [5+ arctan YrCos&e—X; sina, St %o ®)
(1-Xx2-Y?)2 (1-x2-v?)2
24 (Y; cos ap— Xy sin gy ) Go ( Xy, Yy,
VO(X]’/Y}'/DCD) — ( T 0 17"X27Y02) 0( riir 0)
r r
S (X, Y. a) = Xy cos &y +Y; sin ay
0( Tyt o) 1—(chosa0+Yrsinao)2

According to the theory of Capone modified short bearing, the dimensionless analyti-
cal formula of the inner oil-film force of the floating ring bearing along the direction of x

and y is:
F Y 3X;Vi — Gisina; — 25; cos & ©)
F; 3Y;V; — Gjcosa; — 2S;sinw;
the starting angle of the inner oil-film pressure of the floating ring bearing is a;:
kv ! - /!
Y +2X; Y; +2X; _
w; = arctan———J — Fgjon | L1200 ) gjop (Yj + 2X}) @)
X — 2 X;—-2Y;) 2



Machines 2021, 9, 285 50f17
The expression of A;, G;, V;, S; is as follows:
2 213
[(Y,—ﬁ;) +(¥rt2x)) ]
A= =2 2
1-X;-Y,
G; (Yj,Yj, zx]-) = 722 ! 7+ arctan Yreoste—Xysinay COS”“’Z_X’;”}"“’ ®)
(1—X,—Y,) 2 (1—XY—Y,) 2
— — 2+ (YY cos ap— X sinau)Ga (Xr,Yr o)
Vz(X// Yj/D‘o) = 17Y37Y$
S X.Y: a) = )(lcosau—&-YlsinaD
l( e 0) 1—(X,coszxo+Yrsinoca)2

The correctness of Capone short bearing oil film in reference [30] has been verified in
the response references. Therefore, the real internal and external oil-film force expression is:

fxi:Uinrfyj:Uij )

2 2
where ¢ = pwRL (%) (ﬁ) , i is oil-film viscosity, R is the radius of the floating ring

bearing and L is length of the floating ring bearing. Temperature has a great influence
on the viscosity of lubricating oil. Therefore, the viscosity-temperature characteristics
of lubricating oil should be considered in the calculation process. The rules between
them are [9]:

n = poe PIT—T0) (10)

where pg is the standard viscosity (Tp), and S is the constant coefficient, Ty = 25 °C.

The internal oil-film force of the floating ring bearing is the integral result of the
oil-film pressure at each point in the oil-film bearing area. The oil-film force of inner oil
film in the floating ring bearing can be decomposed into two components in the x and y
direction, and its integral expressions are:

E, = /027T /OL p(¢,z)rcos(¢p + a)dzdp (11)

Fi= /0271 /OL p(¢,z)rsin(¢p + a)dzd¢ (12)

where p is the oil-film pressure at a certain point, L is the bearing width and r is the inner
radius of the floating ring. The expression of the oil-film force in the bearing can be obtained
by numerical integration.

During the operation of the rotor system, the floating ring rotates with the journal.
The speed of the floating ring is related to its structural parameters, lubricating oil viscosity
and journal angular velocity. The ratio of the angular velocity of the floating ring to the
shaft can be expressed as:

. w 1
a):l:

- 3
wy Ho ( R Lo ¢
i (R) e

(13)

where, wg, wj are the angular velocities of the floating ring and journal, respectively, L;, L,
are the internal and external diameter width of the floating ring and C;, C, are the internal
and external clearance of the floating ring bearing, respectively.

3. Numerical Simulation and Result Analysis

In this study, we took a floating ring bearing-rotor system as an example. Based on
the mathematical model of the above Formulas (1), (2), (6) and (9), the parameters were
taken into dimensionless equations, using the standard four-order Runge-Kutta method to
perform numerical calculation. The structure parameters of the floating ring bearing-rotor
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system and floating ring used in this study are shown in Tables 1 and 2, which are derived
from references [4,5].

Table 1. Structural calculation parameters of the rotor system.

Parameters Numerical Value
Quality (kg) m1 = mz = 0.005, mp = 0.1078
Moment of inertia (107 kg-m?) Jp = 18.75, Ja = 10.62
Shaft length (mm) L1=L,=36
Spindle diameter (mm) D=7
Axis eccentric (mm) e1 = ey =0.002

The first critical speed (rad/s) wp =271 X 692.5

Table 2. Parameters of floating ring bearing.

Numerical Value

1 =0.01 (25 °C)

Parameters

Oil-film viscosity (Pa-s)

Inner and outer radius of floating ring (mm) R;=3.5;R,=6.5
Floating ring length (mm) L=76
Floating ring mass (g) m=6.7
Moment of inertia (10~6 kg-mz) [=0.28

The relative clearance value is the ratio of the oil-film clearance value and the shaft
radius in the floating ring bearing. The radius of the shaft neck was r = 3.5 mm, and s was
defined as the ratio of the rotor speed and the first critical speed, according to Ref. [1]. When
ratio of the inside clearance and outside clearance of the oil film is, it can guarantee the rotor
system operation in normal working range [22,32-34]. Therefore, the floating ring bearing
oil-film clearance ratio is selected as fixed value, changing inner oil-film relative clearance,
to study the influence of floating ring relative clearance on the stability of the rotor system.

In order to analyze the effects of relative gap on the stability of the floating ring
bearing-rotor system, the oil-film clearance is divided into three stage intervals: relative
small gap (A < 0.02); a relative large amount of gap (0.02 < A < 0.05); the relative maximum
clearance value (0.05 < A < 0.1). The intermediate values of the three intervals are taken as
follows: the smaller relative clearance is A = 0.01, the relative larger clearance is A = 0.035,
and the relative maximum clearance is A = 0.075. The rotor eccentricity is constant: p = 0.5.
Taking three different relative clearances, the bifurcation diagrams of the vibration response
of the floating ring bearing-rotor are obtained, as shown in Figures 3-5.

0.5 0.3
! 0.2t 1
e ® 4 ' vee l '
: . 01F e, il -
o . R " o il
. . ®e, CL AR H
.,>? . . ! ' . >? ®euge®’ ..::.. ' H
. i . 0.17 1
o 400 ' % l
-0.5 o 02! o i
‘. ' l
® e, ] -0.3¢ 1
H
0.4 ‘ ‘ ‘
-1 I I I I I
0 0.5 1.5 2 2.5 3 3.5 0 2 s 4 6
S
(a) (b)

Figure 3. Bifurcation diagram of the axis and floating ring when A = 0.01: (a) bifurcation diagram of journal; (b) bifurcation

diagram of floating ring.
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Figure 4. Bifurcation diagram of the axis and floating ring when A = 0.035: (a) bifurcation diagram of journal; (b) bifurcation

diagram of floating ring.
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Figure 5. Bifurcation diagram of the axis and floating ring when A = 0.075: (a) bifurcation diagram of journal; (b) bifurcation

diagram of floating ring.

From Figure 3a,b, we can find that when A = 0.01, at relative low speeds (S < 1.58), the
movement of the rotor system is a stable operating frequency. When the speed increases
(1.58 < S < 2.25), the period-doubling phenomenon appears. When the rotor system runs at
high speed (S > 2.25), the rotor begins to show complex loss of stability. We can see from
Figure 4, when A = 0.035, the rotor system is at single periodic motion in steady state, and
speed range is at (0 < S < 1.1). When the speed is in the range of 1.1 < § < 1.65, the system
is in a state of double periodic movement. When the rotor runs at high speed (S > 1.65),
an unstable phenomenon will appear. We can see from Figure 5, when A = 0.075, the rotor
steady speed (single cycle motion) is greatly reduced, the single-period range is in the
range of S < 0.65, double periodic motion is in range of 0.65 < S < 1.16 and the unstable
speed ratio starts from S = 1.16.

In order to further analyze the influence of different relative clearances on the stability
of floating ring bearing-rotor systems, the characteristics of Figure 3 at different speeds are
calculated and analyzed. In the relative clearance volume of A = 0.01, time-domain wave-
form diagram, the orbits diagram, Poincare mapping diagram and spectrum diagram are
obtained under the condition of different speeds on disc position, as shown in Figures 6-8.
We can see from Figure 6, when the speed is low (=271*692.5 rad/s), nonlinear oil-film force
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is not obvious, the rotor performs synchronous whirl, whirl frequency is the same fast as
rotating frequency and the rotor makes frequency periodic motion.

With the increase in the rotor speed, the nonlinear phenomenon of the oil-film force of
the floating ring bearing begins to appear. When the rotor speed is increased to 1.58 times
of the first-order critical speed, oil-whirl phenomenon occurs in the rotor system of the
floating ring bearing (as shown in Figure 7, the speed ratio is S = 1.58), the amplitude of the
rotor is bigger than single periodic motion and two isolated points appear on the Poincare
section diagram, which shows that the rotor makes two periodic motions (Figure 3 shows
that speed range of the rotor oil-film whirl is 1.58 < § < 2.25).

When the rotor speed reaches 2.25 times of the first critical speed, oil-film severe shock
phenomenon occurs in the floating ring bearing-rotor system (shown in Figure 8), the
frequency of oil-film oscillation usually refuse to change with the increase in speed and
it remains near the first critical speed frequency of rotor. This is the frequency-locking
phenomenon of oil film. The map of the Poincare cross-section of Figure 8 is a circle, which
means that the rotor has almost quasi-periodic motion.

As the rotor speed increases, when the rotor speed reaches 2.47 times of the first
critical speed, the rotor motion becomes irregular, the points on the diagram of the Poincare
section are out of order, the FFT spectrum is continuous and they show that the rotor gets
into a chaotic state, as shown in Figure 9.

04r
0.2} 0.5
— 07 .
=02 > 0
-04r
-0.5
-0.6r
9]*406 3.1408  3.141 1:3.1412 3.1414 3.15416 -1_1 _0‘_5 0 015 1
x10 Xj
(a) (b)
1 w w 1 :
0.5 ] 08 |
0.6 8
5 o : =
0.4 8
_0.5 7 0.27 i
_1 ) ) ) 0 L L I L
-1 05 0 05 1 0 0.5 1 1.5 2 25 3
Xr 0)/(1)]
(c) (d)

Figure 6. Dynamic response of the floating ring system when A = 0.01 and speed ratio is S = 1: (a) time-domain waveform;
(b) orbit; (c) Poincare section; (d) the FFT spectrum of rotor.
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Figure 7. Dynamic response of the floating ring system A = 0.01 and speed ratio is S = 1.58: (a) time-domain waveform; (b)
orbit; (c) Poincare section; (d) the FFT spectrum of the disk.
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Figure 8. Dynamic response of the floating ring system A = 0.01 and speed ratio is S = 2.25: (a) time-domain waveform; (b)
orbit; (c) Poincare section; (d) the FFT spectrum of the disk.

0.4 ‘ ‘ ‘ 1
0.2}
< 0
0.2
AT 3.1405 3.141 3.1415 1 o5 5 05 1
T x10° Xj
(@) (b)
1 ‘ ‘ 1
0.8 :
05
(- o 0.6/ 1
é 0 #‘0’ ++$&*#+ k
0.4
05
0.2
i ‘ ‘ ‘ L )
Y 05 0 05 1 % L R s >
Xr ’ /o) ’
(©) (d)

Figure 9. Dynamic response of the floating ring system A = 0.01 and speed ratio is S = 2.47: (a) time-domain waveform; (b)
orbit; (c) Poincare section; (d) the FFT spectrum of the disk.

For the turbocharger, the relative inner oil-film clearance ratio is small. Taken as
A =0.01, and studying its working characteristics under high-speed conditions, the speed
ratio is S = 2.47. The calculation results are shown in Figure 9. The calculation shows that
at high speed, the floating ring rotor system has nonlinear phenomena, the time-domain
signal becomes chaotic, and the frequency spectrum of its vibration signal is continuous.
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4. Experimental Verification

According to the simulated experimental model, the test-bed of the floating ring
rotor system is presented, as shown in Figure 10. It is composed of drive motor, coupling,
rotating shaft, oil pump, battery and other components. The dynamic response of the
system under a certain clearance ratio is tested.

oil drum drive motor  load plate  vibration sensor battery

e
shaft coupling

motor converter

Figure 10. Test diagram of the floating ring rotor test device.

Through the above test-bed, the dynamic response of the floating ring rotor is tested
when A =0.01 and speed ratio is S = 1, and the time-domain response, spectrum diagram,
axis trajectory and other results of the rotor system are obtained, as shown in Figure 11.
Under this parameter condition, the time-domain signal of the floating ring rotor is a
periodic signal. According to the spectrum analysis, its component is only the power
frequency signal component of the rotor, which is consistent with the calculation result in
Figure 6. Compared with the simulation diagram, it shows the correctness of modeling of
simulation calculation.

mV;

I(s)

200 T T . . . .
v ‘
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Figure 11. Cont.
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Figure 11. Dynamic response of the floating ring system (test result), when A = 0.01 and speed ratio is S = 1: (a) time-domain

waveform; (b) the FFT spectrum of rotor; (c) axis trajectory; (d) waterfall diagram.

The experimental results show that, under the condition of small internal oil film to
shaft clearance ratio (A = 0.01, S = 1), the floating ring rotor system makes single-cycle
simple harmonic motion. From the spectrum diagram (Figure 11b), it can be seen that its
vibration component is mainly a speed frequency signal; the double frequency signal is
very small and can be ignored. The rotor axis trajectory is elliptical and works normally.

When A=0.01 and speed ratio is S = 1.58, the time-domain response, spectrum diagram,
axis trajectory and other results of the rotor system are obtained, as shown in Figure 12.
Under this parameter condition, there is an obvious frequency-doubling signal and a
half-frequency vortex phenomenon. The time-domain signal of the floating ring rotor is a
half-periodic signal. According to the spectrum analysis, its component is only the power
frequency signal component of the rotor, which is consistent with the calculation result in

Figure 7.
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Figure 12. Dynamic response of the floating ring system (test result), when A = 0.01 and speed ratio is S = 1.58: (a)

time-domain waveform; (b) the FFT spectrum of rotor; (c) axis trajectory; (d) waterfall diagram.

From the test results in Figure 13, it can be seen that, in the case of A =0.035and S =1,
the nonlinear vibration of the floating ring rotor system is significantly enhanced, and there
is an obvious half-frequency whirl signal, which is mainly caused by the improper clearance
ratio of the floating ring bearing. The test results are consistent with the simulation
calculation conclusion in this study.

In order to verify the correctness of the dynamic model of the floating ring bearing-
rotor system and calculation simulation, dynamic model of the floating ring bearing-rotor
system is established in this study. The relative clearance ratio of the structural parameters
of the floating ring is A = 0.01, and the relative rotate speed of the rotor system is S = 2.47.
The test bench shown in Figure 10 was used to test the amplitude characteristics of the
position of the mass disk, and compare with the calculation results to verify the reliability
of the settlement results.

It can be seen from the comparative analysis in Figure 14 that the vibration characteris-
tics of the test are consistent with the simulation results, and the system has quasi-periodic
characteristics at high speed, which is consistent with the calculation results in Figure 9d.
At the same time, the test amplitude peak is larger than the simulation peak, and the
maximum error is about 9.3%, which may be caused by the accuracy of the measuring
instrument. The vibration amplitude of the test result is larger than the simulation value,
which may be caused by the mass eccentricity of the system.
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Figure 13. Dynamic response of the floating ring system (test result), when A = 0.035 and speed ratio is S = 1: (a) time-domain
waveform; (b) the FFT spectrum of rotor; (c) axis trajectory; (d) waterfall diagram.
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Figure 14. Comparison between simulation results and test results, when A = 0.01 and speed ratio is
5=247.

5. Conclusions

In this study, the transfer-matrix method was used to develop the dynamic model of
the floating ring bearing-rotor system, aiming at the vibration problem of the floating ring
bearing-rotor system. The dynamic model of the floating ring bearing-rotor system was
presented, and the influence of the relative clearance of internal oil film on the vibration
characteristics of rotor system was studied. Using the Runge-Kutta numerical calculation
method, the dynamic characteristics of the system under different parameters were cal-
culated, and the ideal clearance ratio was obtained through comparative analysis, which
provides an important reference for the design and application of turbocharger floating
ring rotor size structure. When the relative clearance of the floating ring bearing-rotor is
A =0.01, the vibration characteristic of the system is best.

(1) It can be seen from the calculation results that with the increase in the relative
clearance of the floating ring bearing rotor, the range of steady operation (single cycle)
decreases gradually, from 0 <S <1.6to 0 < S <0.66.

(2) When relative clearance is a smaller amount (A = 0.01), stable working range is
larger, which can meet the work requirements of the rotor system; however, the relative
gap is too large (A = 0.075), the oil-film oscillation will increase under the condition of high
speed, and the rotor unstable speed begins to reduce greatly.

(3) For the design of the floating ring bearing-rotor system, beyond considering the
appropriate clearance ratio selection of the floating ring bearing, the relative gap must
also be appropriate, with equivalent structure parameters of floating in design, with the
appropriate relative clearance volume of about A = 0.01.
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