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Abstract: The dynamic and static characteristics of hydrostatic thrust bearings are significantly
affected by the bearing surface topography. Previous studies on hydrostatic thrust bearings have
focused on Gaussian distribution models of bearing surface topography. However, based on actual
measurements, the non-Gaussianity of the distribution characteristics of bearing surface topography
is clear. To accurately characterize the non-Gaussian distribution of bearing surface topography,
the traditional probability density function of Gaussian distribution was modified by introducing
Edgeworth expansion. The non-Gaussian surface was then reflected by two parameters: kurtosis
and skewness. This had an effect on the static characteristics of hydrostatic thrust bearings with
both circumferential and radial surface topographies. The comparison between the Gaussian dis-
tribution results and those of the non-Gaussian model showed that errors between the two models
could reach more than 10%. Therefore, it is important to take into account the non-Gaussianity of
bearing surface when discussing static characteristics of hydrostatic thrust bearings considering the
surface topography.

Keywords: hydrostatic thrust bearings; surface topography; non-Gaussianity; static performance;
kurtosis and skewness

1. Introduction

Hydrostatic bearings have a number of advantages, such as high loading capacity, stiff-
ness, and low frictional wear, which makes them ideal for heavy and precision mechanical
equipment [1]. Thus, hydrostatic bearings are used widely in the spindles of machine tools
such as high-precision lathes and grinding machines; optimizing the design of hydrostatic
bearings is an important way to improve the performance of machine tools [2,3]. During
the rotating process, the bearing surface and the spindle surface are kept apart by an oil film
that is typically around 10 um thick, similar to the fluctuations of the traditional bearing
surface topography. As such, the bearing surface topography must be taken into account
when discussing the static and dynamic performance of hydrostatic bearings.

Several studies have been conducted in recent decades to investigate the impact of
bearing surface topography on the performance of hydrostatic and aerostatic bearings.
Song et al. [4] discussed the performance of gas bearings with spiral grooves on the surface,
and found that the spiral groove improved the load capacity of bearings. Applying a
numerical method, Feng et al. [5] investigated the dynamics of a bearing—rotor system
considering grooves of the bearing surface, and discovered that some kinds of grooves
could improve the stability of the system. In addition to these studies on the surface
grooves of bearings, there have been many statistical investigations on the structures of
bearing surfaces. Christensen [6] proposed a statistical model based on Gaussian dis-
tribution to characterize the surface topography of bearings, which was then used by
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Lin [7] to examine the influence of surface topography on the stiffness and damping
characteristics of hydrostatic thrust bearings. The results showed that the bearing sur-
face topography had a significant impact on the stiffness and damping coefficients, and
that ignoring it could result in significant errors in the dynamic characteristics of bearings.
Walicka et al. [8-10] investigated the effect of surface topography on the static characteristics
of hydrostatic thrust bearings lubricated with different types of fluids.
Lin [11-13] developed Hopf bifurcating theory and short bearing approximation, and
examined the influence of different surface topography structures on the non-linear sta-
bility of hydrodynamic bearings, finding that they had a significant impact on the size
of upper and lower limit circles of bearings. Naduvinamani et al. [14-17] studied the
effect of surface topography on the performance of various sliding support systems, such
as bearing rotor systems, annular recess thrust bearings, rectangular recess thrust bear-
ings, and curved circular plates. Jurczak et al. [18] demonstrated the impact of surface
topography on the performance of sliding support systems lubricated with Ellis fluid.
Zhang et al. [19] optimized the oil film morphology of slide bearings by taking into account
the surface topography. Lin et al. [20] investigated the impact of bearing surface topography
on the dynamic characteristics of slider bearings lubricated with non-Newtonian fluids.
Pang et al. [21] considered the influencing factor of surface topography when analyzing the
running noise of bearings. Tian et al. [22] discussed the influence of surface topography on
the dynamic characteristics of long journal bearings. Pei et al. [23] determined the influence
of surface topography on the characteristics of floating ring bearings and illustrated that
the effect of surface topography cannot be ignored.

In the aforementioned studies, it is evident that the surface topography significantly
affects the static and dynamic characteristics of hydrostatic and hydrodynamic bearings,
and hence cannot be overlooked when discussing bearing performance. However, the
surface topographies analyzed in previous studies were typically assumed to follow a
Gaussian distribution. In reality, bearing surfaces are typically processed by turning
and grinding, and the distribution characteristics of surface topography are found to
deviate significantly from the Gaussian distribution, as reported by Peklenik [24] and
Li [25] et al. Taking into account the non-Gaussian nature of surface roughness,
Tian et al. [26] investigated the threshold speed of short bearings and found that the
effect of non-Gaussian surface roughness could not be disregarded. Winkler et al. [27]
proposed a numerical model to discuss the abrasion of non-Gaussian surfaces. Ma et al. [28]
discussed misaligned hydrodynamic bearings with non-Gaussian surface topography; the
results illustrated that there would be obvious errors if the non-Gaussianity of the bearing
surface was ignored. Applying the mixed elastohydrodynamic theory, Pei et al. [29] studied
the influence of non-Gaussian surface topography on the film thickness of line contact,
and established the relationship between the minimum film thickness and non-Gaussian
parameters of the surface. Chen et al. [30] examined the dynamic contact performance
of non-Gaussian surfaces through fractal theory. Ren et al. [31] investigated the contact
performance of non-Gaussian surfaces in engineering applications, and discovered that the
contact performance of surfaces was significantly affected by the non-Gaussian parameters.
Zhao et al. [32] analyzed the effects of non-Gaussian surface topography on the wear of
surfaces in mixed lubrication.

After examining the studies mentioned above, it has been noticed that these inves-
tigations predominantly concentrate on the contact performance of surfaces, with little
discussion regarding the static performance of hydrostatic thrust bearings when consid-
ering non-Gaussian surface topography. When it comes to bearing surfaces processed
through turning and grinding, significant deviations from the Gaussian distribution have
been observed in the distribution characteristics of surface topography. Therefore, to con-
duct a more precise analysis of the static characteristics of hydrostatic thrust bearings, it is
essential to consider the non-Gaussian nature of the bearing surface topography during the
analytical process.
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2. Fundamentals and Methods

The Christensen statistical model [6] was applied in this study to illustrate the surface
topography. Using this statistical model, there are two kinds of surface topographies for
hydrostatic bearings: radial and circumferential topography. For radial topography, the
surface texture of the bearing is distributed along the radial direction of the bearing, as
shown in Figure 1. For a specified bearing radius, the corresponding region on the bearing
surface is a circle. When the bearing surface statistical model is established along the
circumferential direction, the circumferential topography is obtained. From the illustrations
by Peklenik [24] and Li et al. [25], for bearing surfaces processed by turning and grinding,
the distribution characteristics of surface topography significantly deviated from the Gaus-
sian distribution. Thus, the non-Gaussian statistical model was applied in this study to
describe the surface topography of bearings.

) |Bho [~
e
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Figure 1. Structure of the thrust bearing.

In Figure 1, the structure of a hydrostatic thrust bearing is displayed; R is the bearing
radius, 1 is the recess radius, j is the radius of the supply hole, P; is the pressure of supply
oil, w is the rotating speed of the journal, and hy and Bhy are the thickness of oil film in
the regions of bearing land and recess in smooth situations, respectively. Additionally, the
actual thickness of oil film in the regions of bearing land and recess considering the surface
topography could be expressed as follows:

h=Bhy+hs(r,0,8) 0<r<n 1)

h=ho+hs(r,0,8) rn<r<R )

where hi; = 01 + 5 is a random part of the oil film, 1 is the variance in the actual journal
surface measured from the smooth surface, and ¢, is the variance in the actual bearing
surface measured from the smooth surface. ¢ is a random variable representing the surface
topography of oil film.

Ignoring the body force of oil film and considering the axial symmetry of the bear-
ing, the motion equations of oil film could be built in the coordinate system in Figure 1
as follows:

Pt T 3)
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9%
0= 2 (4)
9% _g ©)

dJz

where p and y are the density and viscosity of the lubricant, respectively; r and z are
coordinates in the radius direction and vertical direction, respectively; and u and v are the
velocities of oil film on radius direction and circumferential direction. With the boundary
conditions v|,—g = 0,v|,—;, = rw, the velocity of oil film in the circumferential direction

can be found through Equation (4):
v="9; (6)
h
Substituting Equation (6) into Equation (3), with the boundary condition u ] =0 =0,

the velocity of oil film in the radial direction can be obtained:

2
__prw 3_ 3\, Lop,
"= 12yh2z(z h ) + 2u or (z-h)z @
Integrating the expression of u with respect to z from 0 to &, the expression of flow rate
Q could be found:
h 1 or2w®h3  KW3ra
9:21’/ udz =2 TTOP ®)
s 0 20 u 6y or

The following dimensionless substitution can be introduced:

* r * p * h * hS * W * 6‘MQ 3pw2R2
= — = —, h = —, h = —, W = —F, = , = 9
TR TR Tt T ke T XA YA 20p, O
and the dimensionless expression of flow rate Q" is
* %27 %3 *7,%3 ap*
Q" =251 h*° —r'h*’ = (10)

ar

Taking mathematical expectation of the dimensionless expression of flow rate Q:

a *
Q' = B(Q") = (2572 =1 2 Jq) ay

where g(h") expresses the expected value of i"3. Considering the one-dimensional surface
topography of the bearing, (1) is expressed as follows:

. E(h*3 for radial roughness
) = {EU) | for s (12)
E(h*73) for circumferential roughness
operator E(*) expresses the expected value of variable (*), defined as:
too * *
E() = [ (fan; (13)

where f(h}) is the probability density function of random variable &}, which is used
to display distribution characteristics of the bearing surface topography and could be
expressed as:

f(hs) = pn(h)g(hs) (14)
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pe(hs)

where the probability density function, g(h3), is in a Gaussian distribution as follows:

32c7

g(hs) =

5 (2—n2)°, —c<hi<c
(15)

0, elsewhere

where c is the half-distribution region of the random variable k. The probability density
function, g(hs), terminates at c = 30, and ¢ is the standard deviation of the random variable
hs. Additionally, p,(hs) is the Edgeworth expansion, which was applied to display the non-
Gaussian roughness of the bearing surface with two parameters: skewness and kurtosis.
Edgeworth expansion is a kind of Chebyshev-Hermite polynomial used to illustrate non-
Gaussian distributions. Compared with other expansions, such as Gram—Charlier and
Gaussian-Hermite, Edgeworth expansion contains one more Hermit polynomial, while the
number of parameters is constant. Therefore, it can not only measure the fitting accuracy,
but also has better convergence properties and higher fitting accuracy with more terms in
an expansion. The Edgeworth expansion is typically adopted as [25]:

2

pe(x) =1+ %He3(x) + %Hq(x) + ;—2H66(x) (16)
where k is the kurtosis of surface roughness distribution reflecting peakedness of the
distribution, and s is the skewness of surface roughness distribution reflecting asymmetry
of the distribution with respect to the average value. For a Gaussion distribution, the values
of kurtosis and skewness are k = 3 and s = 0, respectively. Additionally, the expressions of
Hermite polynomials He;(z) (i = 3, 4, 6) are [33]:

Hez(x) = x*> — 3x
Hey(x) = x* — 6x2 + 3 (17)
Heg(x) = x® — 15x* 4+ 45x% — 3

Substituting Equation (17) into Equation (16), the Edgeworth expansion of the bearing
surface topography could be written as:

8 24 ) 27 8 4 24 24

+k3—55) Sh*+(55—H>h;‘2+2h§3+<k3—55>h2‘4+;2h§‘6 (18)

Through Equations (12)-(15) and (18), the value of q(h") in Equation (11) is obtained,
which is determined by three characteristic parameters: c (the half-distribution region of the
random variable k), k (the kurtosis of surface roughness distribution), and s (the skewness
of surface roughness distribution).

Then, the pressure distribution of oil film could be found by solving Equation (11):

Qo*

* *2 * *< *< *
p1 Sr 7q(ﬁ+h§)lnr +Crp<r'<r (19)
* *2 QO* * * *
— =0 <r* <1 2
P2 Sr 70+ 70 nr'+C r] <r' < (20)

where C; and C; are integration constants, the values of which could be calculated by ap-

plying boundary conditions of the pressure distribution p]

_ * — *
rf=ry — 1, P1 rf=r{ — 1 2) r*=r}

and pj =1 = O:
(14 S—5r5?)q(1+hi)Inry

C1=1-Srg*+ , G =-S5
! © T q(U+h)(Inr —Inrg) —q(B+h)Inry
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meanwhile, the expression of flow rate is deduced:

0y — (15 = 5r5%)q(L+ h)q(p + k) a2
T g +h)(Inrg —Inrg) —q(B+h)Inrf

Integrating the expression of pressure distribution with respect to " from 0 to 1, the
expression of loading capacity is obtained:

W 7]
* — *2
W= TRep, f0‘+2([*

0

1
ripidrt + /r* r*pédr*) (22)
1

3. Verification

To illustrate the validity of this discussion, a comparison between the results of this
study and those of Dowson [34] is presented. By setting the values of non-Gaussian
parameters kurtosis and skewness as k = 3 and s = 0, respectively, the bearing surface
is changed into smooth. In this situation, the operation conditions of hydrostatic thrust
bearings in this study are the same as those of Dowson [34]. Thus, the validity of derivation
could be illustrated in this study if the results of this discussion agree with those of
Dowson [34].

When the bearing surface is smooth, the values of g(h") in the regions of bearing land
and recess are:

q(B+hy) = p%q(1+h) =1 (23)

At this situation, the expressions of pressure distributions in Equations (19) and (20)
are changed into:

14 S —Sr§?)(Inr* —Inry)
P1 +5(r 70 ) (lnr{ —lnr;;) _531an rg <r*<n (24)
14+S—Sr?)B Inr*
P2 G ) (inrf —Inrg) — Pinr; 1= = (25)

Substituting Equations (24) and (25) into Equation (22), the loading capacity of smooth
bearings could be obtained; the results of this study were compared with those of Dow-
son [34], and the comparisons are displayed in Figure 2. It is found that the results of this
study agree well with those of Dowson [34], which could illustrate the validity of this study.

----- Result of this study: S =2 | o 14l Results of this study
10l —Result of this study: S =1 H'/ ﬂ\\ | ’ S=2 © Results of Dowson 1961
: ° Result of Dowson 1961: S =1 K 10l \
o Result of Dowson 1961: S =2 F"/ 3 ’
1F
o s=1
W’ o
0.6r
S=0.5
0.4r
0.2r
00 L . . .
0.2 0.4 ¢ 0.6 0.8 1
(@) (b)

Figure 2. The comparisons between this study and a previous study [34]: (a) comparison of loading
capacity; (b) comparison of pressure distribution.
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4. Results and Discussion

The influence of non-Gaussian surface roughness on the static performance of hydro-
static bearings is discussed in this study. Two kinds of surface roughness are discussed
in this section: circumferential roughness and radial roughness. In Figures 3 and 4, rela-
tionships between the non-Gaussian circumferential roughness and static performance
of hydrostatic bearings are displayed. Additionally, the effects of the non-Gaussian
radial roughness on the static performance of hydrostatic bearings are illustrated in
Figures 5 and 6. The structure and running parameters of the bearing are: recess radius
ri{ = 0.5, depth parameter of recess = 2, parameter of surface topography c = 0.4, value
range of kurtosis k is 1~5, value range of skewness s is —1.5~1.5, and inertial parameter

5=0,1,2.
0-42 C T T T T T T T P | O 42 T T T T T
S=0 =0
(737 SN GRS S € L e £
w* I o ¢ P e Ommred *0'41 REr—— o
W gizi=E mmn P v -
0.4 A ety o o " 048" 1
@I — ok
0-39 1 1 1 1 1 I L
039 - : : : '
L3 & 83 g8 & % &3 I s -1 -05 0 05 1 L5
0.34 , ; S ; , ; 0.34
=1 y
0.32 > P > b B B X 2t —~2
W 0 o < & -ty ® ¢ > ?{L e e el s S
%% . S ol = N
0.3 © T - ] 0_3&' - i
R T <
I 15 2 25 _3 35 4 45 5 -5 1 -05 0 05 1 L
2 ' . ; . : . . 0.24 -
0.24 s 1 . A
. . R R G S S P v
0'77“ :} & < 9 $ s < 3 0.22 M e TSl el S
w" LA v and
0.2%=memem O S, D o 1 0.28 ]
Rt -
-\.---0 --------- '{ O 1 ; i 5 i .
0lg———2——5= 3 35 4 45 s Hs =1 =5 0 0.5 1 1.5
B smaoth ‘ | “perk=1 --9-k=3 --e-k=5 -ooen smooth

(a) (b)

Figure 3. The influence of non-Gaussian circumferential roughness on the load capacity of hydrostatic
thrust bearings: (a) kurtosis; (b) skewness.
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(a) (b)

Figure 4. The influence of non-Gaussian circumferential roughness on the flow rate of hydrostatic
thrust bearings: (a) kurtosis; (b) skewness.

0.41 T T T T T T T 0.405 T T T
S=0 S=0
......... B 04 b

0.395¢
w* .

D‘-‘-"‘-"D’ .........

(a) (b)

Figure 5. The influence of non-Gaussian radial roughness on the load capacity of hydrostatic thrust

bearings: (a) kurtosis; (b) skewness.
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Figure 6. The influence of non-Gaussian radial roughness on the flow rate of hydrostatic thrust
bearings: (a) kurtosis; (b) skewness.

The influence of the non-Gaussian circumferential roughness on the load capacity of
hydrostatic thrust bearings is displayed in Figure 3. The relationship between the kurtosis
of surface roughness and load capacity of the bearing is described in Figure 3a. For a
negative skewness, the relationship between the load capacity and kurtosis is a positive
correlation, while the relationship changes to a negative correlation with positive skewness.
Additionally, the influence of kurtosis on load capacity is negligible when the value of
skewness is 0. When the value of kurtosis varies from 1 to 5, the inertial parameter S =0,
the relative variations in load capacity are 0.61% (s = —3), 0.05% (s = 0), and —1.45% (s = 3);
when the inertial parameter S = 1, the relative variations in load capacity are 1.54% (s = —3),
0.16% (s = 0), and —3.90% (s = 3); when the inertial parameter S = 2, the relative variations in
load capacity are 3.24% (s = —3), 0.32% (s = 0), and —8.70% (s = 3). The influence of kurtosis
on load capacity is enhanced with the increase in inertial parameter S. Compared with the
situation of the Gaussian surface roughness model (i.e., k = 3, s = 0), for the non-Gaussian
parameters k = 5 and s = 3, when inertial parameter S = 0, 1, 2, the calculation errors of load
capacity between the results of Gaussian and non-Gaussian surface roughness are 2.90%,
7.56%, and 13.79%, respectively; for the non-Gaussian parameters k = 5 and s = —3, when
inertial parameter S = 0, 1, 2, the calculation errors of load capacity between the results
of the Gaussian and non-Gaussian model are 1.23%, 3.50%, and 6.84%, respectively. The
relationship between the skewness of non-Gaussian surface roughness and load capacity of
the bearing is displayed in Figure 3. The relationship between load capacity and kurtosis is
a positive correlation, and the gradient of the variation curve decreases with the increase
in kurtosis. At the region around s = 0, the influence of kurtosis on the load capacity is
negligible, which agrees with the results in Figure 3a. When the value of skewness varies
from —1.5 to 1.5, the inertial parameter S = 0 and the relative variations in load capacity
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are 3.17% (k = 1), 1.81% (k = 3), and 1.26% (k = 5); when the inertial parameter S =1, the
relative variations of load capacity are 8.44% (k = 1), 4.74% (k = 3), 3.35% (k = 5); when the
inertial parameter S = 2, the relative variations in load capacity are 18.89% (k = 1), 10.54%
(k =3),7.32% (k = 5). In other words, with the increase in inertial parameter S, the influence
of skewness on load capacity is enhanced. The reason the load carrying capacity of bearings
is enhanced by the topology surface is as follows: when the lubricant flows through
the topology surface, the rough surface of the bearing slows down the flow of lubricant,
and the dented region of the bearing surface can store a portion of the energy from the
flowing lubricant. This stored energy can support a portion of the load. Consequently,
bearings with a topology surface have a higher load carrying capacity compared with
smooth bearings.

The influence of non-Gaussian circumferential roughness on the flow rate of hydro-
static thrust bearings is displayed in Figure 4. The relationship between the kurtosis of
surface roughness and flow rate of the bearing is described in Figure 4a. It could be found
that the relationship between flow rate and kurtosis is negative correlation obviously, and
the gradient of the variation curve is decrescent with the increasing of kurtosis. Different
from the situation of load capacity, the relative variations in flow rate are not affected by
the varying of inertial parameter S. During the value of kurtosis varying from 1 to 5, the
relative variations in flow rate are —40.00% (s = —0.5), —38.69% (s = 0), —39.38% (s = 0.5).
Comparing with the results of Gaussian surface roughness model (i.e., k = 3, s = 0): for the
non-Gaussian parameters k = 5 and s = 0.5, the calculation error of flow rate between the
results of the Gaussian and non-Gaussian models is 17.89%, while for the non-Gaussian
parameters k = 5 and s = —0.5, the calculation error of flow rate between the results of
Gaussian and non-Gaussian models is 16.60%. The relationship between the skewness of
non-Gaussian surface roughness and flow rate of the bearing is described in Figure 4b.
With the increase in skewness, the value of the flow rate first decreased then increased, and
reached the minimum at s = 0. For a larger value of kurtosis, the amplitude of variation
was smaller.

The influence of non-Gaussian radial roughness on the load capacity of hydrostatic
thrust bearings is displayed in Figure 5. The relationship between the kurtosis of non-
Gaussian surface roughness and load capacity of the bearing is described in Figure 5a. For
negative skewness, the relationship between load capacity and kurtosis is a positive corre-
lation, while the relationship changes to be negative correlation with a positive skewness.
Additionally, the influence of kurtosis on load capacity is negligible when the value of
skewness is 0. When the value of kurtosis varies from 1 to 5, the inertial parameter S =0,
the relative variations in load capacity are 0.61% (s = —3), 0.03% (s = 0), and —0.66% (s = 3);
when the inertial parameter S = 1, the relative variations in load capacity are 2.97% (s = —3),
0.07% (s = 0), and —1.88% (s = 3); when the inertial parameter S = 2, the relative variations
in load capacity are 6.80% (s = —3), 0.22% (s = 0), and —4.61% (s = 3). The influence of
kurtosis on load capacity is enhanced with the increasing of inertial parameter S. Compared
with the situation of the Gaussian surface roughness model (i.e., k = 3, s = 0): for the non-
Gaussian parameters k = 5, s = 3, when inertial parameter S =0, 1, 2, the calculation errors of
load capacity between the results of Gaussian and non-Gaussian models are 1.42%, 3.90%,
and 9.32%, respectively; for the non-Gaussian parameters k = 5 and s = —3, when inertial
parameter S =0, 1, 2, the calculation errors of load capacity between the results of Gaussian
and non-Gaussian models are 2.28%, 6.27%, and 14.98%, respectively. The relationship
between the skewness of non-Gaussian surface roughness and load capacity of the bearing
is displayed in Figure 5b. The relationship between load capacity and kurtosis is a positive
correlation, and the gradient of the variation curve decreases with the increase in kurtosis.
For the region around s = 0, the influence of kurtosis on load capacity is negligible, which
agrees with the results in Figure 5a. When the value of skewness varies from —1.5 to 1.5,
the inertial parameter S = 0, the relative variations in load capacity are 3.07% (k = 1), 1.74%
(k =3), and 1.20% (k = 5); when the inertial parameter S = 1, the relative variations in load
capacity are 8.69% (k = 1), 4.85% (k = 3), and 3.36% (k = 5); when the inertial parameter
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S =2, the relative variations in load capacity are 22.02% (k = 1), 11.95% (k = 3), and 8.20%
(k =5). In other words, with the increases in inertial parameter S, the influence of skewness
on load capacity is enhanced.

The influence of non-Gaussian radial roughness on the flow rate of hydrostatic thrust
bearings is displayed in Figure 6. The relationship between the kurtosis of non-Gaussian
surface roughness and flow rate of the bearing is described in Figure 6a. The relationship
between the flow rate and kurtosis is clearly a positive correlation, and the gradient of the
variation curve is nearly invariable with the increase in kurtosis. Different from the situation
of load capacity, the relative variations in flow rate are not affected by varying the inertial
parameter, S. During the value of kurtosis varying from 1 to 5, the relative variations in flow
rate are 66.70% (s = —0.5), 63.71% (s = 0), and 68.76% (s = 0.5). Compared with the results of
the Gaussian surface roughness model (i.e., k = 3, s = 0), for the non-Gaussian parameters
k =5 and s = 0.5, the calculation error of flow rate between the results of Gaussian and
non-Gaussian model is 18.06%, while for the non-Gaussian parameters k =5 and s = —0.5,
the calculation error of flow rate between the results of Gaussian and non-Gaussian model
is 20.22%.The relationship between the skewness of non-Gaussian surface roughness and
flow rate of the bearing is displayed in Figure 6b. With the increase in skewness, the value
of flow rate first increased then decreased, and reached the maximum at s = 0.

5. Conclusions

By bringing in the Edgeworth expansion, the non-Gaussian distribution model of
surface topography was established for hydrostatic thrust bearing in this study. The non-
Gaussian distribution of bearing surface topography is characterized by two parameters:
kurtosis, k, and skewness, s.

For the static performance of hydrostatic thrust bearings, it was found that the cal-
culation error between the results of the Gaussian distribution model and that of the
non-Gaussian distribution model can reach more than 10%, and the error between the two
models would be greater for bearings with a higher rotating speed.

The actual distribution of bearing surface topography was non-Gaussian; therefore,
the application of the Gaussian model would clearly produce errors during discussion of
the static characteristics of hydrostatic thrust bearings considering the surface topography.
Therefore, the non-Gaussian distribution model should be applied. Moreover, the non-
Gaussian parameters (kurtosis, k, and skewness, s) of the bearing surface topography can
significantly affect the static characteristics of hydrostatic thrust bearing. Thus, to improve
the static characteristics of hydrostatic thrust bearings, the bearing surface can be machined
into a specific non-Gaussian distribution by adjusting the angle and feed mode of cutting
tools during the machining process of the bearing.
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