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Variation of the dynamic coefficients of the plain journal bearing
considering vapor pressure
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Abstract

Fluid dynamic bearings have several advantages that low noise, high rotational stability and low friction. So,
early 2000s, the HDD spindle motors have been replaced ball bearings to fluid dynamic bearing. Most of studies
apply inner boundary condition that is inside of bearing pressure larger than atmosphere pressure. Therefore, they
used Half-Sommerfeld or Reynolds Boundary condition. This paper investigates the dynamic coefficients of the
plain journal considered vapor pressure. As a result, it shows that the vapor pressure effect cannot ignore.
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: Oil viscosity

: Angular velocity

: Bearing radius

: Bearing Length

: Bearing diameter to length ratio

: Attitude angle

h, h" : Film thickness,

c : Bearing clearance

p, p : Pressure, dimensionless pressure

Pa : Ambient pressure

kij, Ki;: Stiffness coefficients, dimensionless stiffness
coefficients

cij, Cij: Damping coefficients, dimensionless stiffness
damping coefficients

f, F : Load carrying capacity, dimensionless load

carrying capacity coefficients

f,, F; : Radial force component,

f,, F¢ : Tangential force component

e : Eccentricity

¢ : Eccentricity ratio

(Ma),,: Critical mass
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(a) Shape of plain journal bearlng

(b) Coordinate system of plain journal bearing

Fig. 1 Shape of plain journal bearing and
coordinate system

p=p,+ (apj Ax+(6pj Az+[ ) Ax+(@j Az (B)
X Jq 0z Jg Z )

O7IM A (4 5 A ()0l chdsta, 1 &t
Ao thsff 2T Ot 22 48 YWd4s 7
4 QULCH

Po

i h o1 o E ~

200 12y89 oy 12y8y D,
P;

oo

2 060

a)( 3cosd 6hj h® op & (3cos¢9j
——|sing+ -——

2 h 00) 4ur’e6006\ h 5

w( 3sin@ ah) h® op & (3Sin0) ©)

—| cosd - -——

h 06) 4ur® 06006 h
cosd
sin@

ot FARGE 48 A= &7 ASHH 24
Of Haof st A (7)d Zo| FRHRHEE
Stal, Al6)oll tHst A= ¥= + ULh

28



x
HA
_|-0|I
1z
2

« Y .« h D . Po — P,
:—’ h :—, l:—’ =
L c L P [rzj
buw| —
C
* X * p
P = prz Py = yrz :
C C
R @

Po
i( *3aj+£a NEAYE _
a0\ ° o0) 4oy oy )|
Py
P,
a
00
sing'+ 3cos€ oh” _3n® op, sm*9+co:°,20 on”
00 00'\_ h h™ 06 @)
c039—35"19ﬁ +3h*38p0 _cos*9+5|r120@
h" 06 00 h h* o6
2cosé
2sin@
23 st 3 S5YH A= AL
oM T Zolzs= AMES 0[Z3t0 plain
journal bearing Off Ciet &S =X & F1e & U2
M, 0| 0|85t HE= ol ste= ¢
UASH, XM ZH E3t &8 4+ ATt
Fr :% J-po*(fcose)dedy*
1 *, . *
R =5 Ipo (—sin@)dady
F=y{FR2+R?
®=tan"t (th 9)
r

Kyx ny C080 P *
K]= ,py rdod
(K] {K Kyy 2.”{ sme} Px py} d

Cxx ny COSQ P *
[C]:{c C } 2.”{ sm@} Py’ py'jdogy” (10)

vy

29

to

oo
o
izt

24 A=A

A S HOENM BAZTH2 IA WHF
Az 8 FAzH2z L0 e
UL IF FAzZ=A2 4 (11) & &0 43
FeH, M Y HOZS JHE ofefet
of <AR% [HFst= FZol I
(p=py) S HESIN2M, =0 270M HS
o] &2 £ UTE periodic AAZHE At
piy=

y=0and y=1 p;(6,y,)=p:(0.y,)=0
6=0and 27z, p;(0,y)=p:(27,y) (£=0,%y,%y) (11)
o LR ZA =d2 WE Yol 7Y

o 10 N AL o 4> oM

ﬂJIO mlo
oo ogl- B4

0| 5t9) ot o Z  LHHTIKX ofoo =z  half-
Sommerfeld ZAZHS O|&3st¥ M, A (12)1
Zot

P (0.y)=p, at p(6.y)<p, (12)
o7|M p, = Z7|(vapor pressure)O|Ct.

25 Twstea §y

Plain journal bearing Off CH3t 2Ol== A3} o
sAE 27| RISt /etes iMdE ALSIUCEH
dol== A2 O|xt O|2dEA022 33t &
o d& E & UCL

2
il P S

—E (13)
6x12 8x1 6x2 axz

O A2 Galerkin g 0| &5t weak form
HEfZ 55t Green theory & XM E3H0{ 4
(195 ¢ & AUCt

=
(RE)} = I[N( c059+C§psmejdl“JrI(E[N]T)dA
r

X
2 A

+J'[A8[N] P _gP ., c oINT” o Dﬁp]dA (14)
Ox 0% 0% 0%y

OXo 0

0{7|A [N]' & element 2| shape function & Lt

EfLHEY, Z+Z+9| nodal value 2} shape function Off Cf

{R(e)} J'[ [ cosQ+C8X23|n9de+J-(E[N]T)dA+

r A

HE X ZA A S =2 F/MH 83 M 15,2012 3¢



Ol
N
IS
1o
k1
I
rok

J'[Aﬁ[N]TW_Ba[’“+ca[N]Ta['“-Da['“]dA (s} (16)
Moo X X 0 0

3. F=xlaliy Hzf

3.1 Plain journal bearing 2| S§4

Lund[4,5]= steady-state, short bearing O CH 5}0
Sts, RMl Z, Zdid "@HE ASE oA
= Ao MPEE 0|7 *lsf Lund 2 A1t
ot %M e X sfAZ3tet Hl W SHICE

Short-bearing 2 HO{& 29| Zo| H&u X[F9
H(D/L=0)7t 2 2CF 2 ZA2E U35lH, Lund 2
21 HwE St 571 p,=01211 2=8 ¢l
B0 CHalf A&t SHICH ESF Lund 2F2 A&
A3t HWE Q5t 17t 715t 59 AL
H ol <SR

100.0 o
<00 § . B Lund
- N m ‘E
% 600 § § % N o BFEM
=4 \ \ \ 3|
§§§§§§§,
200 §§§§§§§§§
o N RREENENERNERRLR
002 01 02 03 04 05 06 07 08 09
Eccentricity ratio(z)
(a) Attitude angle
25.0 Ka
o Lund
% 200
E 150
£ 100
£
2 50
0.0 mE3 : 3
002 01 02 03 04 05 06 07 08

Eccentricity ratio(z)
(b) Variation of coefficient of K,y
K,
® Lund
BFEM

N N 55 o5 o5 o5 o 8 N
01 02 03 04 05 06 07 08 09
Eccentricity ratio(z)

(c) Variation of coefficient of K,

o Lund
FE
, 00 ;
£
=
£ 200
£
3
E 400
(=1
-60.0 05 06 03 09

Eccentricity ratio(s)

(d) Variation of coefficient of K,

HEXEA A SIS =2 F/M 8 A M 135,20124 3¢

L E2lel MY HojYo S5

=}
1200 K,

21000 u ]-:11.11‘1
= 500 SFEM
2

z 60.0

£ 400

2 200

0.0

03 04 05 06 07 08 09
Eccentricity ratio(z)

(e) Variation of coefficient of K,

120.0 Cu
£100.0 = Lund
£ 200 SFEM
2
Z 600
g 100
2 200
00 R mE ey Y ey W
002 01 02 03 04 05 06 07 08 09
Eccentricity ratio()
(f) Variation of coefficient of C,
30 Cu
- = Lund
» 2.
s & = ]
g " N N
£ 10 \ \
Bos N N
03 b N
8 - §
0.0 § BB & N &
03 04 05 06 08
Eccentricity ratio(s)
(9) Variation of coefficient of Cy,
30 Ca
- = Lund
225 o 3
<, N B SFEM
E 2 = = e
fro \ A
S0s N s
0.0 3 3 3 3 3 3 3 3
002 01 02 03 04 05 06 07
Fecentricity ratio(z)
(h) Variation of coefficient of C,
100.0
. = Lund
£ 500 SFEM
5 600
E 400
2 200
0.0

002 01 02 04 05 06 07 08

Eccentricity ratio(s)

(i) Variation of coefficient of C,,

Fig. 2 Compared with Lund’s results of dynamic
coefficients and FEM

32 B7I¢e 1 MY H oY & 54

oM FolEl XS-Zdolye HE A4 4
olM 2 2 H3t AI7IH ofoll cislf z+zt 571
£ 71 (p=pa), -200, -400 22 JtY5tAS o
SEEM A 4S9 HEE MHEU2H ZHZE Fig.

3 1} Fig. 4 °F ZCt.

30



31

dimensionless

02
5.00E-03
Q00EH00

——prvaper

Kxx

- pvapor ; -200
weeares prapor : 400

_5.00-030.02 ol 0.2 03 14 0.5

dimensionless

dimensionless

dimensionless

dimensionless

dimensionless

(a) Variation of coefficient of K,

—e—puapor: 0

2 00502 === =pvapor : 200

6.00E-02

weeaees puapor : 400

5.00E-02
4.00E-02
3.00E-02
2.00E-02

1.00E-02

0.00E+00
0.02 0.1 02 03 0.4 05

(b) Variation of coefficient of K,,
KI\ e pvaapor ;)

=== pvapor ; - 200

e prapor 400

.00

-5, 00E-03

0002 W ——— el

-3, M0E-02

o0 o1 0.2 & 03 04 05

(c) Variation of coefficient of K,,
Kzz —e—pvapor : 0

< o0E.02 ==m==pvapor : -200
\ 0Bz wasdess prapor : -400 ;
3.00E-02
2.00E-02
1.00E-02

0.00E+00
0.02 01 0.2 0.3 0.4 0.5
-1.00E-02

(d) Variation of coefficient of K,
Cxx

—e—pvapor - 0
= === papor : -200
+edees pUapOL : -400

1.00E-01

8.00E-02
6.00E-02
4.00E-02
2.00E-02
0.00E+00

0.02 01 02 03 04 0.5

(e) Variation of coefficient of Cyy
Cxz

—a—pvapor: 0

50002 = === pvapor : -200

5.00E-02
4.00E-02
3.00E-02

srrmer puapor : -400

2.00E-02
1.00E-02

0.00E+00 .
_1.00E-20-02 [i8] 02 0.3 0.4 05

(f) Variation of coefficient of C,,
Cx

—e—pvapor: 0

= m==pvapor : -200

ewesprapor <400 A
<

5.00E-02
4.00E-02
3.00E-02
2.00E-02
1.00E-02

0.00E+00

0.0:
-1.00E-02

(g) Variation of coefficient of C,,

Fig. 3

HEX A AL ES =2R/A 83 M 15,2012 4

dimensionless dimersiordess dimersionless dimensionless dimersiotiless

dimersioniess

Czz —e—pvapor: 0

~-~puapor : -200

papor : =400

2.00E-02

0.00E+00

0.02 01 0.2 e 03 04 0.5

(h) Variation of coefficient of C,,

Variation of stiffness and damping coefficients
of FDB due to the eccentricity ratio with A:4

Kxx —a—pvapor : 0

-————vapor ;200
“eedees prapor ; 400

Variation of coefficient of K,y

sz —t—pvapor : 0
2 00E-01 == = pvapor  -200
avdees pyapor : -400
L.S0E-01
1LO0E-01
5.00E-02
0.00E+00
0.02 0.1 0.2 2 0.3 0.4 0.5
(b) Variation of coefficient of K,
Kzx — pvapor ;O
=m=epvapor ; -200

wrden pyapor : 400

0.0 01 0.2 £ 03 04 0s
(c) Variation of coefficient of K,
Kz — pvapor ;O

===pvapor ;200
eniees pvapor ;400

(d) Variation of coefficient of K,,
Cxx

—+—pvapor : 0

———— B
5 5001 == pvapar : -200

3.00E-01
250601

2o0E01 | YR
1.50E-01

+evtees pvapor : -400

LOOE-01
5.00E-02

0.00E+00
0.02 0.1 0.2 0.3 0.4 0.5

(e) Variation of coefficient of Cyy

——papor 0

Cxz
=== prapor ;<200

20 -
O00EHD BmnmT
0oz ol 02 03 04 0%

3



S7|¢e et Sefel

r

1LACE-01
1.20-01
2 LOOE-01
E 8.00E-02
E
T G00E-02
E
T 400802
2.00E-02

0.00E+00
ooz ol 02 £ 03 04 (%3

(g) Variation of coefficient of C,

2.50E-01

LOOE-D1 muggeensrsnsesrdon,,, .
T 1L50E01
E
£ ool
s

S00F-02

0.00E+00
0.0z o1 02 & 03 0.4 (%]

(h) Variation of coefficient of C,,

Fig. 4 Variation of stiffness and damping
coefficients of FDB due to the eccentricity
ratio with A:2

S71¢40| d3E B & 40| M S5 A
49| A0l= HA #Hstol| et 30%0 A 100%2)]
XI0|E BHOM Fig. 4 9 ZIF} ZH0| A 7Ol 2
2 HEIEo| w2t 20%0 A 55%2| X0|E =2 S

o 4 Utk
4. 4 B8

2 AOME HOolEX WAL 45 YHA

2 2ol A9 HolYol MEstof L HA

0” %jl%l- :)_E_—|X| OI-OI-% 7

"0 =22 2012 HE HE
MALE st=aAAT e X
712! (No. 2012-0001013)."

o o
Ho
_\—'g
o
N
>
I
10

Ilal
ok

i)

[1] Ku. C.-P.R., 1996, “Dynamic Characteristics of
Hard Disk Spindle Motors-Comparison Between Ball
Bearings and Hydrodynamic Bearings,” ASME J. of
Tribol, Vol. 118, pp. 402-406.

HEXFANAHES=ER/AM 8 H M 15,2012 38

Mg Hoge 54 ¢

t

tol

[

[2] Zhang, Q.D., Chen and S.X., Liu, Z.J., 1999, Design
of a Hybrid Fluid Bearing System for HDD Spindles,”
IEEE Trans. Magn., Vol. 35, No. 2, pp. 821-826.

[3] Hamrock, Bernard J., 1994, Fundamentals of Fluid
Film Lubrication, McGraw-Hill, Inc.,

[4]Lund J.W. 1966, “Self-Excited, Stationary Whirl
Orbits of a Journal in a Sleeve Bearing” Ph.D. thesis.
Rensselaer Polytechnic Institute, Troy, N.Y.

[5] Lund, J. W. and Thomsen, K. K., 1978, “A
Calculation Method and Data for the Dynamic
Coefficients of Oil-lubricated Journal Bearings”,
Topics in Fluid Journal Bearing and Rotor Bearing
System, ASME, New York, pp.1~28.

32



