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Varnish is a kind of fouling adhered on bearing inner face near the load zone. The model to analyze its influence on bearing
performance and rotor vibrationwas set up. Pressure and temperature distributionwere solved on the basis of theReynolds equation
by the iteration method simultaneously. It is found that bearing performance is changed by the step flow effect at the leading edge
of the varnish. Its influence is more obvious when the rotating speed is low. Bearing varnish results in a large decrease of minimum
clearance and an increase in the oil film temperature and pressure. Loading capacity of bearing is also decreased. It is harmful to
the bearing. With the varnish, the minimum oil film thickness decreases.This leads to an increase of bearing stiffness and damping
coefficients. Its influence is larger in the horizontal direction than that in the vertical direction.The trend of unbalance response to
rotating speed is similar. There is little influence of the varnish on the modal frequency. However, system stability is improved due
to the increased bearing damping coefficients.

1. Introduction

Journal bearings have a great influence on the safe operation
of rotating machinery. Machine works reliably under the
squeeze flow effect formed in the convergent gap between
bearing inner face and the journal.

With the development of industry, journal surface speed
becomes higher and bearing load becomes more and more
heavy. Varnish problem has occurred on journal bearings
[1]. Varnish is a kind of fouling adhered on journal bearing
inner face nearby the load zone, resulting in poor bearing
lubrication. It could lead to unacceptable rises in temperature
and vibration [1]. Now, the research on the formation mech-
anism, detection, prevention, and removal of the varnish is
being carried out [2]. The formation of varnish is related to
the quality of lubricating oil and the condition of journal
bearing.The high temperature generated by the variable load
operation of bearing will accelerate the formation of the
varnish [3].

The clearance of bearing with varnish is irregular.
Research on the performance of bearing with irregular
clearance is mainly focused on groove or microtexture [4–8].

Bearing performance can be improved through an appropri-
ate arrangement of the textured area on the contact surface [9,
10]. The texture arrangement, mainly the location domain on
the journal bearing, is the main criterion for journal bearing
performance enhancement. It would be interesting to put
dimples in the bearing first angular part (between 0 and 180)
which is the maximum pressure region [11]. Appropriately
choosing groove length, width, or interval can reduce the
maximumradius, collapse pressure, and collapse temperature
of the bubble.There exists a critical groove depthminimizing
the bubble pressure and temperature [12]. The influence of
surface variations such as texturing or grooving on the bear-
ing performanceswas also compared [13].Themicrogrooving
reduces the friction coefficient and average temperature is
maximum in comparison with spherical texture. Influence of
texture distributions on vibration was investigated [14].Three
kinds of textures configurations are designed and applied
on the lower pad surface. There is a significant decrease in
acceleration amplitude of the textured bearings compared to
nontextured bearings.

From inspection results of many bearings, varnish area is
larger than expected. Unlike the groove or the microtexture,
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(a) Varnish location in the
bearing

(b) Varnish photographs (c) The simplified varnish model

Figure 1: Bearing varnish model.

varnish is a kind of protrusion on bearing inner face. It
is mainly located in bearing load area, which is near the
minimum gap and is the most dangerous zone of the bearing.
Its influence on bearing performance may be large. Research
in this field should be concerned.

In this paper, influences of varnish on bearing properties
and rotor vibration are studied. Loading capacity, tempera-
ture rise, oil film thickness, and dynamic coefficients were
compared. Conclusions can be applied to bearing condition
monitoring.

2. Model of Bearing with Varnish

2.1. Varnish Model. Varnish is a kind of fouling adhered on
journal bearing inner face nearby the load zone, as shown in
Figure 1(a). Figure 1(b) shows 4 photographs of bearing with
varnish.

For ease of analysis, varnish shape is simplified. A trape-
zoid distribution in the boundary and a uniform distribution
in the inner face were assumed, as shown in Figure 1(c).
This assumption guarantees continuity of the varnish at the
boundary approximately.

Clearance of bearingwith varnish can be expressed as [15]

𝐻 = 1 + 𝜀 cos𝜑 − 𝐻1. (1)

The partial derivative of clearance to circumferential angle is
given by

𝜕𝐻𝜕𝜑 = −𝜀 sin𝜑 − 𝜕𝐻1𝜕𝜑 . (2)

2.2. The Lubrication Equation. A two-dimensional (2D)
Reynolds equations were used. Taking into account the axial
symmetry; the solution regionwas selected as the rectangular
region ABCD, as shown in Figure 2. The varnish area is
represented by a grid of lines in the figure.

The dimensionless form of the Reynolds equation is [15]

𝜕𝜕𝜑 (𝐻3 𝜕𝑃𝜕𝜑) + (𝑑𝑙 )
2 𝜕𝜕𝜆 (𝐻3 𝜕𝑃𝜕𝜆) = 3𝜕𝐻𝜕𝜑 . (3)

The Reynolds equation with the perturbation pressure𝑃𝜀, 𝑃𝜃, 𝑃𝜀 , 𝑃𝜃 as the variables is given as [16]

𝜕𝜕𝜑 (𝐻3 𝜕𝑃𝜀𝜕𝜑 ) + (𝑑𝑙 )
2 𝜕𝜕𝜆 (𝐻3 𝜕𝑃𝜀𝜕𝜆 ) = −3 sin𝜑 − 9𝐻

⋅ cos𝜑𝜕𝐻𝜕𝜑 + 3𝐻[(cos𝜑𝜕𝐻𝜕𝜑 + sin𝜑𝐻) 𝜕𝑃𝜕𝜑
+ (𝑑𝑙 )

2

cos𝜑𝜕𝐻𝜕𝜆 𝜕𝑃𝜕𝜆] 𝜕𝜕𝜑 (𝐻3 𝜕𝑃𝜃𝜕𝜑 )
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Figure 2: Lubrication equation solution model.

+ (𝑑𝑙 )
2 𝜕𝜕𝜆 (𝐻3 𝜕𝑃𝜃𝜕𝜆 ) = 3 cos𝜑

− 9𝐻 sin𝜑𝜕𝐻𝜕𝜑 + 3𝐻[(sin𝜑𝜕𝐻𝜕𝜑 − cos𝜑𝐻) 𝜕𝑃𝜕𝜑
+ (𝑑𝑙 )

2

sin𝜑𝜕𝐻𝜕𝜆 𝜕𝑃𝜕𝜆]
𝜕𝜕𝜑 (𝐻3 𝜕𝑃𝜀𝜕𝜑 ) + (𝑑𝑙 )

2 𝜕𝜕𝜆 (𝐻3 𝜕𝑃𝜀𝜕𝜆 ) = 6 cos𝜑
𝜕𝜕𝜑 (𝐻3 𝜕𝑃𝜃𝜕𝜑 ) + (𝑑𝑙 )

2 𝜕𝜕𝜆 (𝐻3 𝜕𝑃𝜃𝜕𝜆 ) = 6 sin𝜑
𝑃𝜀 = 𝜕𝑃𝜕𝜀 ,
𝑃𝜃 = 𝜕𝑃𝜀𝜕𝜃 ,
𝑃𝜀 = 𝜕𝑃𝜕𝜀 ,
𝑃𝜃 = 𝜕𝑃𝜀𝜕𝜃 .

(4)

The boundary conditions of (3) and (4) are

𝑃 = 𝑃𝜀 = 𝑃𝜃 = 𝑃𝜀 = 𝑃𝜃 = 0, Line AB

𝑃 = 𝑃𝜀 = 𝑃𝜃 = 𝑃𝜀 = 𝑃𝜃 = 0, Line CD

𝑃 = 𝑃𝜀 = 𝑃𝜃 = 𝑃𝜀 = 𝑃𝜃 = 0, Line AD

𝜕𝑃𝜕𝜆 = 𝜕𝑃𝜀𝜕𝜆 = 𝜕𝑃𝜃𝜕𝜆 = 𝜕𝑃𝜀𝜕𝜆 = 𝜕𝑃𝜃𝜕𝜆 = 0, Line BC.
(5)

During the iteration process, pressure is set to 0 if the negative
pressure appears.

The varnish thickness is much smaller than the thickness
of the pad. It has little influence on the heat conduction
along the thickness direction of the pad. The heat conduc-
tion term was thus omitted. The simplistic two-dimensional
energy equation with the adiabatic boundary condition is
[13]

𝜌 [(𝑈ℎ2 − ℎ312𝜇 𝜕𝑝𝜕𝑥)
𝜕 (𝑐V𝑇)𝜕𝑥 − ℎ312𝜇 𝜕𝑝𝜕𝑧

𝜕 (𝑐V𝑇)𝜕𝑧 ]

= 𝜇𝑈2ℎ + ℎ312𝜇 [(𝜕𝑝𝜕𝑥)
2 + (𝜕𝑝𝜕𝑧)

2] .
(6)

The symmetry boundary condition is adopted in the axis
direction:

𝜕𝑇𝜕𝜆 = 0, 𝜆 = 0. (7)

For the oil mixing condition at groove, the oil temperature is
assumed as themixing temperature between the recirculating
oil and inlet oil. The average value of the recirculating
temperature and the inlet oil temperature is taken as the
mixing temperature. It is expressed as

𝑇𝑘+11,𝑗 = 𝑇𝑘1,𝑗 + 𝑇𝑘𝑛,𝑗2 . (8)

Lubricating oil viscosity variation with temperature is taken
care of by the following expression [13]:

𝜇 = 𝜇0𝑒−𝛼(𝑇−𝑇0). (9)

Equations (3), (6), and (9) were solved by iterative method.
Assuming the oil temperature distribution in the bearing,
oil viscosity is calculated with (9) and oil film pressure is
solved with (3). Substituting the calculated pressure into
(6), the new temperature distribution is obtained. For the𝑘th iteration process, initial temperature 𝑇𝑘1,𝑗 was known.
Temperature 𝑇𝑘𝑖,𝑗, 𝑖 = 2, . . . , 𝑛 was calculated with (6) from
the start angle to the end angle step by step. Then it was
averaged using (8) to obtain the new temperature 𝑇𝑘+11,𝑗 .
The iteration process stops when the solved temperature
field is fully converged. The total iteration process stops
when the solved pressure and temperature field are fully
converged.

Bearing load is obtained by integral in axial and circum-
ferential directions [15]:

𝐹𝑥 = − 𝜇𝜔𝑅𝑙
(𝑐/𝑅)2 ∫

𝜑2

𝜑1

∫1
−1
(𝑝d𝜆) sin𝜑 d𝜑 d𝜆

𝐹𝑦 = − 𝜇𝜔𝑅𝑙
(𝑐/𝑅)2 ∫

Φ2

Φ1

∫1
−1
(𝑝d𝜆) cos𝜑 d𝜑 d𝜆.

(10)
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Figure 3: Variation of the load and the maximum pressure with mesh density.

The 8 dimensionless dynamic coefficients 𝐾𝑖𝑗, 𝐶𝑖𝑗, 𝑖, 𝑗 = 𝑥, 𝑦
can be calculated by [16]

[𝐾𝑥𝑥 𝐾𝑥𝑦𝐾𝑦𝑥 𝐾𝑦𝑦] = [sin 𝜃0 cos 𝜃0
cos 𝜃0 − sin 𝜃0] ⋅ [𝐾𝑒𝑒 𝐾𝜃𝑒𝐾𝑒𝜃 𝐾𝜃𝜃]

⋅ [sin 𝜃0 cos 𝜃0
cos 𝜃0 − sin 𝜃0]

[𝐶𝑥𝑥 𝐶𝑥𝑦𝐶𝑦𝑥 𝐶𝑦𝑦] = [sin 𝜃0 cos 𝜃0
cos 𝜃0 − sin 𝜃0] ⋅ [𝐶𝑒𝑒 𝐶𝜃𝑒𝐶𝑒𝜃 𝐶𝜃𝜃]

⋅ [sin 𝜃0 cos 𝜃0
cos 𝜃0 − sin 𝜃0]

𝐾𝑒𝑒𝐾𝜃𝑒 } = −∫1
−1
∫𝜑2
𝜑1

𝑃𝜀 {cos𝜑sin𝜑}𝑑𝜑𝑑𝜆
𝐾𝑒𝜃𝐾𝜃𝜃 } = −∫1

−1
∫𝜑2
𝜑1

𝑃𝜃 {cos𝜑sin𝜑}𝑑𝜑𝑑𝜆
𝐶𝑒𝑒𝐶𝜃𝑒 } = −∫1

−1
∫𝜑2
𝜑1

𝑃𝜀 {cos𝜑sin𝜑}𝑑𝜑𝑑𝜆
𝐶𝑒𝜃𝐶𝜃𝜃 } = −∫1

−1
∫𝜑2
𝜑1

𝑃𝜃 {cos𝜑sin𝜑}𝑑𝜑𝑑𝜆.

(11)

2.3. Grid Independence Test. The computational accuracy
depends on mesh density. The load and the maximum
pressure were used to test grid independence. With the
increase of journal eccentricity ratio in the bearing, mesh
density should be increased.Thus, the grid independence test
was done at large eccentricity ratio 𝜀 = 0.90.

Table 1 gives bearing data. Figure 3 shows variation
of the load and the maximum pressure with the mesh
density. When the grid density is greater than 4000,
the load and the maximum pressure change a little. To
ensure the accuracy, mesh with 60 in the axial direc-
tion by 180 in the circumferential direction was used at
last.

Table 1: Bearing data.

Parameter Value
Radius 𝑅 300mm
Radial clearance 𝑐 0.45mm
Bearing length 𝑙 300mm
Bearing load 𝐹𝑦 20.0 t
Oil density 𝜌 890 kg/m3

Oil viscosity 𝜇 0.025 Pa s
Rotating speed 𝜔 314 rad/s
Specific heat capacity 𝑐V 1.944 kJ/kgK

2.4. Journal Position in the Bearing. Oil film force at dif-
ferent eccentricity ratio and attitude angle was calculated
in advance. The back propagation neural network is well
known for its strong nonlinear mapping ability. A three-layer
backpropagation neural network with 8 nodes in the hidden
layer, as shown in Figure 4, was trained to map the functional
relationship between the force and the journal position in the
bearing. The input of the neural network is bearing load in
the horizontal and the vertical directions. The output of the
neural network is journal eccentricity ratio and the attitude
angle. For improving mapping accuracy, neural network for
small bearing load case and for large bearing load case was
trained, respectively. Once the bearing load is given, the
position of the journal in the bearing can be calculated easily.

3. Influence of Varnish on
Bearing Performance

Bearing data is provided in Table 1. In the analysis, the
dimensionless thickness of the varnish is changed from 0.0
to 0.3. Varnish is located in the load zone. The leading edge
angle and the trailing edge angle are 165∘ and 192∘ and the arc
length of varnish is about 27∘. Influence of varnish on bearing
performance was carried out assuming that bearing load is
the same.

3.1. Oil Film Thickness. Figure 5 compares oil film thickness
distribution in the central section along the circumferential
direction for bearing with and without varnish. Figure 6
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Figure 4: Neural networkmodel mapping the function between the
force and journal position.
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shows variation of the minimum oil film thickness with
varnish thickness. The oil film thickness is smaller in the
varnish zone.Theminimum oil film thickness decreases with
the increase of varnish thickness.

3.2. Bearing Pressure Distribution. Figure 7 compares oil
film pressure distribution for bearings. Beyond the varnish
zone, oil pressure increases gradually under the effect of
squeeze film formed in the converged region of the bearing.
At the leading edge of the varnish, the step flow effect is
formed for that bearing clearance becomes smaller suddenly.
The pressure increases quickly and the maximum pressure
appears.The performance of bearing with vanish depends on
the joint action of the squeeze film effect and the step flow
effect.

3.3. Journal Position. Figure 8 shows variation of journal
eccentricity ratio with bearing load. Journal eccentricity ratio
of bearing without varnish is larger because that bearing load
is supported by the squeeze film effect only. Figure 9 shows
variation of journal eccentricity ratio with varnish thickness.
Figure 10 shows variation of the eccentricity ratio and the
attitude angle with rotational speed. For bearingwith varnish,
bearing load is partially compensated by the step flow effect
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Figure 6: Variation of the minimum oil film thickness with varnish
thickness.

caused by the varnish. So, the thicker the varnish, the smaller
the journal eccentricity ratio and the larger the attitude
angle.

3.4. Bearing Temperature. Figure 11 compares temperature
distribution of bearing with different varnish thickness.
Oil film temperature increases quickly at the leading edge
of the varnish and reaches the maximum value at the
trailing edge. Figure 12 shows variation of the maximum
oil temperature with varnish thickness. The maximum
oil temperature increases with the increase of varnish
thickness. In the early stage of the varnish, temperature
growth trend is slow. However, the trend of temperature
increasing is more and more obvious with the increase of
thickness.

Figure 13 shows temperature trend in a year for the third
bearing of Figure 1(b). Although the bearing temperature is
not high, the trend of growth is obvious. And the temperature
is getting higher and higher. Bearing was overhauled for
inspection. Vanish is found on the inner surface of the
bearing, as shown in Figure 1(b). The temperature increase
phenomenon found in the bearing is almost similar to the
simulated result of Figure 12.

3.5. Loading Capacity. Figure 14 shows the variation of the
minimum clearance with bearing load. With the increase
of varnish thickness, the load corresponding to the same
minimum clearance decreases. It means that loading capacity
of bearingwith varnish is smaller than that of bearingwithout
varnish.

Varnish in the bearing results in a large decrease of min-
imum clearance and an increase in the oil film temperature
and the pressure. Loading capacity of bearing is decreased. It
is harmful to the safe operation of bearing.

3.6. Bearing Dynamic Coefficients. Figure 15 shows the vari-
ation of bearing stiffness and damping coefficients with
frequency. The stiffness and the damping coefficients are
larger for bearing with varnish. Its influence is larger in the
horizontal direction than that in the vertical direction. The
dynamic pressure effect caused by the step flow is relatively
large at low speed.This leads to the greater impact on bearing
dynamics at low speed.
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Figure 8: Variation of journal eccentricity ratio with bearing load.

For stability study, bearing equivalent stiffness and critical
whirl ratio can be presented using bearing coefficients. They
are given as [17]

𝐾eq = 𝐾𝑥𝑥𝐶𝑦𝑦 + 𝐾𝑦𝑦𝐶𝑥𝑥 − 𝐾𝑥𝑦𝐶𝑦𝑥 − 𝐾𝑦𝑥𝐶𝑥𝑦𝐶𝑥𝑥 + 𝐶𝑦𝑦
𝛾2st = (𝐾𝑥𝑥 − 𝐾eq) (𝐾𝑦𝑦 − 𝐾eq) − 𝐾𝑥𝑦𝐾𝑦𝑥𝐶𝑥𝑥𝐶𝑦𝑦 − 𝐶𝑥𝑦𝐶𝑦𝑥 .

(12)

The calculation results are given in Table 2. For bearings
studied in the case, 𝐾eq > 0, 𝛾2st < 0. It means that bearings
are stable. However, for bearings with varnish, its equivalent
stiffness is higher and its critical whirl ratio is lower. It means
that varnish has certain positive effect on bearing stability.

4. Influence of Varnish on Rotor Unbalance
Response and System Stability

4.1. Dynamic Equation. The dynamic equation of rotor bear-
ing system is given as [18]

[M] {Ü (𝑡)} + [D] {U̇ (𝑡)} + [K] {U (𝑡)} = {F (𝑡)} . (13)
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Figure 9: Variation of journal eccentricity ratio with varnish thick-
ness.

Table 2: Bearing equivalent stiffness and critical whirl ratio.

Parameter With varnish Without varnish
Equivalent stiffness 1.8314 1.7542
Critical whirl ratio −0.2956 −0.2146

Assume that

U (𝑡) = U0 (𝑡) 𝑒𝑖𝜔𝑡
F (𝑡) = F0 (𝑡) 𝑒𝑖𝜔𝑡. (14)

Substituting (14) into (13), we can get

[K + 𝑖𝜔D − 𝜔2M] {U0} = {F0} . (15)

The unbalance response can be calculated with the equation.
The homogeneous equation corresponding to (13) can be

written as

[M] {Ü (𝑡)} + [D] {U̇ (𝑡)} + [K] {U (𝑡)} = {0} . (16)
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The first-order differential equations of (16) are

[A] {V̇} + [B] {V} = {0}
A = [M 0

0 K
] ,
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Figure 13: Bearing temperature trend in a year.
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B = [ D K
−K 0

] ,

V = {U̇
U
} .

(17)
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Figure 15: Comparison of bearing dynamic coefficients.

The eigenvalues and eigenvectors are

(E − ]I)V0 = 0

E = [−M−1D −M−1K
I 0

] . (18)

The stability of the system is represented by the logarithmic
decrement rate 𝛿. It can be calculated from system eigenvalue
]:

𝛿 = −2𝜋R (])
I (]) . (19)

The greater the value 𝛿 is, the more stable the system is. In
order to ensure the stability of the system, 𝛿 ≥ 0.2.
4.2. Model of a Low Pressure Rotor. A low pressure rotor of
a large steam turbine was used. Figure 16 shows the model.
Bearing data is provided in Table 1. Shaft data is given in
Table 3. Considering the axial symmetry, only half of the shaft
data is given.

4.3. Unbalance Response Analysis. Three unbalance masses
as shown in Table 4 were exerted on the rotor. The first and

Figure 16: Shaft model.

the third set of masses represent the coupled unbalance and
the second set of mass represents the static unbalance in the
middle plane.

The influence of varnish on the vertical and the horizontal
vibration during the run up process is shown in Figure 17.
For bearing with varnish or without varnish, the trend of the
response to rotating speed is similar. Influence of varnish on
the horizontal vibration is larger than that on the vertical
vibration, especially in the low speed zone. This is consistent
with the influence of the varnish on bearing dynamic charac-
teristics. The damping coefficient in the horizontal direction
of the bearing with varnish is large. Its effect on vibration
control near the first critical speed zone is obvious.
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Figure 17: Variation of vibration with rotating speed during run-up process.

Table 3: Shaft model.

Diameter𝐷 (mm)
Length𝐿 (mm)

Additional mass𝑀 (kg)
600 300 0
630 142 0
660 594 0
1668 256 1850
951 340 0
1720 156 900
1116 236 0
1718 120 300
1114 130 0
1718 65 280
1068 120 0
1718 66 180
934 120 0
1718 50 110
934 120 0
1718 50 100
915 175 0

Table 4: Unbalance mass.

Node Product of mass and
radius (kgm) Angle (∘)

4 0.5 45
17 1 135
32 0.5 225

4.4. System Stability. The lowest order modes are prone to be
unstable and are of great concern. In this paper, stability of
the first and the second mode is analyzed.

Table 5 shows the influence of the varnish on system
stability. Influence of the varnish onmodal frequency is small.
However, system stability is improved due to the increased

Table 5: Comparison of system stability.

Mode Parameter With varnish Without
varnish

Mode 1
Frequency/Hz 23.48 23.31

Logarithmic decrement
rate 0.5029 0.4645

Mode 2
Frequency/Hz 34.45 34.41

Logarithmic decrement
rate 0.5327 0.4614

bearing damping coefficients. The conclusion is the same as
that in Section 3.6.

5. Conclusions

In this paper, the influence of the varnish on bearing perfor-
mance and rotor vibration is studied. The results show the
following.

(1) Performance of bearing with varnish is changed by the
step flow effect at the leading edge of the varnish. Compared
with the squeeze flow effect in the convergent clearance zone
of bearing, influence of varnish is more obvious at the low
speed case.

(2) Varnish in the bearing results in a large decrease
of minimum clearance and an increase in the oil film
temperature and the pressure. Loading capacity of bearing is
also decreased. It is harmful to the safe and reliable operation
of bearing.

(3) For bearing with varnish, the minimum oil film
thickness decreases. This leads to an increase of bearing
stiffness and damping coefficients. Its influence is larger in the
horizontal direction than that in the vertical direction.

(4) For bearing with varnish or without varnish, the trend
of the response to rotating speed is similar. Its Influence on
the horizontal vibration is larger than that on the vertical
vibration, especially in the low speed zone. This is consis-
tent with the influence of the varnish on bearing dynamic
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characteristics. There is little influence of the varnish on the
modal frequency. However, system stability is improved due
to the increased bearing damping coefficients.

Nomenclature

Symbols

𝐻: Dimensionless bearing clearanceℎ: Dimensional bearing clearance𝐻1: Dimensionless varnish thickness𝜑: Circumferential angle𝜀: Journal eccentricity ratio𝑒: Journal eccentricity𝜃0: Journal attitude angle𝑐: Bearing radial gap𝑑: Bearing diameter𝑅: Bearing radius𝑙: Bearing length𝜆: Bearing axial dimensionless coordinate𝑃: Dimensionless oil pressure𝑝: Dimensional oil pressure𝑃𝜀, 𝑃𝜃, 𝑃𝜀 , 𝑃𝜃 : Perturbation oil pressure𝑇: Oil temperature𝜌: Oil density𝜇: Oil viscosity𝛼: Oil viscosity coefficient𝑐V: Specific heat capacity𝑈: Journal velocity𝐹𝑥, 𝐹𝑦: Bearing loads in horizontal and vertical
direction𝐾𝑖𝑗: Bearing stiffness coefficients𝐶𝑖𝑗: Bearing damping coefficients𝐾eq: Bearing equivalent stiffness𝛾st: Critical whirling ratio𝜔: Rotating speed𝛿: Logarithmic decrement rate

M, K, D: System mass, stiffness, and
gyroscopic/damping matrices

U: Degree of freedom vector
F: External force vector
^: System eigenvalues
V0: System eigenvectors
U0: Amplitude of displacement vector
F0: Amplitude of the forces vector
R(⋅): Real part of variable
I(⋅): Imaginary part of variable.
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