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Streszczenie: The research showed in this paper lead to presentation of hydrodynamic HDD micro-bearing with orthogonal 
curvilinear profile of journal for example for conical, hyperbolic and other cooperating micro-bearing surfaces. Pressure dis-
tributions and load carrying capacity values on the conical micro-bearing journals are calculated. The formulae describing the 
friction forces and friction coefficients for micro-bearing curvilinear journals are derived. Up to now, the dynamic behavior 
of HDD micro-bearings was considered mostly by Jang at al. (2005). Presented paper indicates that on the memory capacity 
have influence not only herringbone or spiral grooves but in many cases the shapes of micro-bearing journals and sleeves too. 

1. INTRODUCTION 

Present paper determines the hydrodynamic pressure di-
stributions, load carrying capacity, friction forces and fric-
tion coefficients in slide micro-bearings gaps for a curvilin-

ear orthogonal and particularly conical and hyperbolic jour-
nal shapes. Fig. 1 show the spindle system of a HDD  
and a coupled journal and thrust hydrodynamic bearing 
introduced  by Bhushan (2007) and Jang at al. (2005, 2007). 

 
Fig. 1. Coupled curvilinear journal and thrust hydrodynamic HDD micro-bearing (20 000rpm): a) after G.H. Jang and J.W. Yoon (2002), b) 

classical ridges and grooves on the HDD journal or sleeve surface, c) height of ridge in hyperbolic journal and sleeve after Wierz-
cholski (2007) 

 
Fig. 2. The view of conical and hyperbolical micro-bearing journal surfaces: a) conical surface, b) hyperbolic surface with longitudinal and 

circumferential grooves, c) hyperbolic journal with grooves 
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The aim of the presented paper generalizes the recently 
calculation methods of the pressure and friction coefficients 
distributions in a thin layer of non-Newtonian, visco-elastic 
lubricant of slide micro-bearing gaps presented in: Jang 
(2005), Jang (2007), Jang (2002), Liu at al.(2007),  
Wierzcholski (2006, 2007),Yong (2005). The groove and 
ridge geometry located on the conical and hyperbolic sur-
face are presented here. Fig. 2 shows that the grooves on 
the hyperbolic and conical journal surfaces can be situated 
in circumferential or longitudinal directions Jang at al. 
(2005). Groove location affects the dynamic performance 
of HDD spindle system. 

The micro-bearing lubrication is characterized by the 
dynamic viscosity changes in thin gap- height direction. 

2.PRESSURE DISTRIBUTIONS IN CURVILINEAR 
   MICRO-BEARINGS GAPS 

For the conical and hyperbolic micro-bearing we as-
sume following conical and hyperbolic co-ordinates: α1=ϕ, 
α2=yc, α3=xc and α1=ϕ, α2=yh, α3=ζh respectively. Men-
tioned coordinates are presented in Fig. 2. For conical jour-
nal we assume:R1−the largest radius of the conical shaft,  
R− the smallest radius of the conical journal, 2bc  the bear-
ing length, γ−angle between cone generate line and the 
cross section plane of the journal (see Fig. 2). For hyper-
bolic journal we have: a1  the largest radius of the hyper-
bolic journal, a  the smallest radius of the hyperbolic jour-
nal, 2bh  the bearing length (see Fig. 2). From the system  
of conservation of momentum and continuity equation after 
thin boundary layer simplifications and boundary condi-
tions in the curvilinear coordinates (α1,α2,α3) we obtain the 
dimensional pressure function p(α1,α3,t) satisfying the 
modified Reynolds equations in the following curvilinear 
form see Wierzcholski (2006, 2007), and Wierzcholski  
at al.(2007): 
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where: E denotes expectancy function, εT(α1, α3,t) gap 
height. Flow is generated by journal rotation and the sleeve 
is motionless. Lubricant velocity components v1,v2,v3  

in α1,α2, α3 directions, respectively, have the following 
form Wierzcholski (2007a): 
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where η=η(α1,α2, α3) − liquid dynamic viscosity, t  time,  
0 ≤ α2 ≤ εT, 0 ≤ α2 < 2πθ1, 0 ≤ θ1 < 1 and −bc ≤ α3 ≤ bc  
for conical journal and −bh ≤ α3 ≤ bh for hyperbolic journal.  

For the conical shapes of micro-bearing journals we 
have following coordinates: α1=ϕ, α2=yc, α3=xc, and Lame 
coefficients are as follows see Wierzcholski (2007): 

 h1= R+xccosγ, h3=1,                                                        (6a) 

where γ  angle between conical surface and the cross sec-
tion plane of the journal. 

For the hyperbolic shapes of micro-bearing journals we 
have following coordinates: α1=ϕ, α2=yp, α3=ζp, and Lame 
coefficients are as follows see Wierzcholski (2007): 
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where R, a, a1, bh are defined before.  

3. FRICTION FORCES IN CURVILINEAR MICRO- 
     BEARING GAP 

This section presents the friction forces calculation  
in curvilinear micro-bearing gaps. 

The components of friction forces in curvilinear  
α1, α3 directions occurring in micro-bearing gaps have  
the following forms see Wierzcholski (2007): 
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where η=η(α1,α2,α3) − liquid dynamic viscosity , t  time,  
0 ≤α2 ≤ εT, 0 ≤ α2 < 2πθ1, 0 ≤ θ1 < 1 and −bc ≤ α3 ≤ bc for 
conical journal and − bh≤ α3 ≤ bh for hyperbolic journal, 
F − lubrication surface, and v1,v3  fluid velocity components 
(2), (3) in α1, α3 directions, respectively, and h1, h3  Lame 
coefficients (6a,b,c) in α1, α3 directions. 

Putting formulae (2), (3) into equation (7) for curvilin-
ear journal, then we obtain the friction components FR1, FR3 
in circumferential α1, and longitudinal α3 directions, re-
spectively see Wierzcholski (2006): 
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where for conical journal 
cRx3R FF ≡  and for hyperbolic 

journal we have 
hR3R FF ζ≡  .  

4. LOAD CARRYING CAPACITY CALCULATIONS 

The load carrying capacities for conical and hyperbolic 
journal are calculated by see Wierzcholski (2007a) from the 
following formulae respectively: 
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where symbol ϕk denotes the end coordinate of the film in 
circumferential direction.  

Friction coefficients are calculated by  Wierzcholski 
(2007a) as follows: 
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Where eϕ, hcx , ζee  are the unit vectors in conical and 

hyperbolic coordinates respectively. 

 

5. NUMERICAL CALCULATIONS 

We determine the pressure distributions and load  
carrying capacity values in HDD micro-bearing for conical 
journal in the lubrication region F, which is defined by the 
following inequalities: 0 ≤ ϕ ≤ ϕk, xc1=xc/bc, −bc ≤ xc ≤ bc 

where 2bc − micro-bearing length. Numerical calculations 
are performed in Mathcad 14 Program by virtue of the 
equation (1), (8) by means of the finite difference method 
(see Fig. 3). If grooves length is situated in xc and ϕ direc-
tion then gap height of the conical micro-bearing has the 
following form respectively: 
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for 0 ≤ ϕ < 2π, −bc ≤ xc ≤ bc where λc  eccentricity ratio in 
cylindrical micro-bearing, ε  radial clearance in cylindrical 
micro-bearing, εg1≡εg/ε, εg − ridge height. Symbols ϕT, xT 
denote periods of grooves sequence about 65nm in ϕ and xc 
directions respectively. Symbol δ denotes the dimensional 
random part of gap height changes resulting from vibra-
tions, unsteady loading and surface roughness measured 
from the nominal mean level. The symbol ς describes the 
random variable, which characterizes roughness arrange-
ment. We show in Fig. 3 the results of numerical calcula-
tions of pressure distributions without stochastic changes. 

The grooves and ridges are now neglected. We assume 
the largest radius of the journal R=0.001 m, length/radius 
ratio Lc1=bc/R=1, dynamic viscosity of the oil ηo=0.03 Pas, 
angular velocity ω=565.5 s−1, characteristic dimensional 
value of hydrodynamic pressure po=ωηo/ψ2=16.96 MPa, 
relative radial clearance ψ=εT/R=0.001, eccentricity ratio 
λc=0.4; λc=0.2. By virtue of good known [6] boundary 
Reynolds conditions the angular coordinate of the film end 
has the values: ϕk=3.678 radian; ϕk=3.731 radian respec-
tively. 

If eccentricity ratio increases from λc=0.2 to λc=0.4, 
then the maximum value of hydrodynamic pressure in-
creases from 7.07 MPa to 18.87 MPa. The carrying capac-

ity )c(
yC in y direction increases from 13.44N to 32.93 N 

and the )c(
zC total carrying capacity in z direction increases 

from 4.89 N to 11.98 N. 
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Oil film end 

Oil film end 

 
Fig. 3. The pressure distributions caused by the rotation in circum-

ferential direction in conical micro-bearings. Left side 
presents the view from the film origin, right side shows 
the view from film end 

5. CONCLUSIONS AND REMARKS  

− We can simulate the increases of the capacity memory  
of fluid dynamic HDD micro-bearings not only by the 
herringbone or spiral groove indicated in papers by Jang 
at al. but also by the various conical and hyperbolic 
shapes of journal micro-bearings. 

− If the sleeve surface is grooved than the peak pressures 
are higher than that which arise in micro-bearing with 
the grooved journal surface. These results were obtained 
for various journal shapes. 

− The friction forces arising over micro-bearing surfaces 
of about 10 μm2 during its lubrication attain value  
of about 0,4 nN. The numerical calculations and contact-
less AFM measurements methods are here very desirable 
compare in  Wierzcholski (2007). 

Nomenclature 

a1 − largest radius of the hyperbolic journal, m; bh − half 
hyperbolic journal length, m; h1,h3 − Lame coefficients 
depended from the journal surface geometry and roughness; 
p − hydrodynamic pressure, Pa; FR − friction force, N;  
F − lubrication surface, m2

; α1,α2, α3  − curvilinear coordi-
nates in  circumference − gap height, and longitudinal di-
rections; δ  −  dimensional random part of gap height 
changes, m; εT − total value of gap height, m; ϕ − circum-
ference  direction; ξh − dimensional longitudinal direction 
in  hyperbolic coordinates, m; ς  − random variable;  
η  − fluid dynamic viscosity, Pas; μ  − dimensionless fric-
tion coefficient; ω − angular velocity, s−1

; yc − coordinate 
directed vertically to the conical surface, m;     
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