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Approximate analytical model of oil-film force for

finite length elliptical journal bearing

WANG Yong-liang, LIU Zhan-sheng, QIAN Da-shuai, HE Peng

(School of Energy Science and Engineering,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: The Reynolds equation of plain journal bearing lubrication was solved by sep-
aration of variables method, the pressure distribution expression of oil-film in plain journal
bearing was obtained based on dynamic boundary conditions, and the approximate analytical
expression of plain journal bearing oil force was deduced. The boundary conditions of ellipti-
cal bearing were analyzed. The approximate analytical model of elliptical bearing oil-film was
obtained by combining the oil film boundary conditions of elliptical bearing with oil film force
expression of plain journal bearing. The oil film force is verified with high accuracy and suit-
ability for any aspect ratio by comparing with the finite difference method, long bearing
model, and the short bearing model. The nonlinear rotordynamic behavior of a rigid rotor
on elliptical bearing was investigated by Runge-Kutta method, the results of numerical sim-
ulation show that the model can describe the dynamic characteristics of elliptical bearing oil

film well.

Key words: elliptical journal bearing; sliding bearing; oil-film force;

separation of variables; approximate analytical solution

[1] [2]

:2011-03-15; :2011-09-08
(10632040)
(1983—), s s



266 27
[3]:
Reynolds )
9 Uisj.
. 2009 ,
Lol Capone trl
_ , )
Fig. 1 Sketch of the plain journal bearing
[8-10]
| ’ ' b Reynolds
10,0 apy, o,k ap
[11-12] Jgqyn_Jp Jdyn IdpN_
’ RZ 90(12/1 a@ >+ (72’(12/,( 82)
9 (%n+i)sine+ (%Q—j/>cos@ e))
’ ’ y2 5 2
(D ,
/ L z
P=— L =%, ¢=2%
, , 6. aR/OF P T DIETR
Ty Y kLY
X Cc’ Y Cc’ X cQ’ Y cQn
, H:é—le—YcosﬁﬁLXsin@; T = t0
(2)
’ P ;C ;D
- ;L ;A 3¢
| H XaY 9X7
1 Y, s H 5T
A .
, (2) Reynolds (D,
i Reynolds
[6.13] J , dP d 5 dP
. ’ - H = - H o | =
(™ a0 )T ae (" o)
. (Y +2X)sin0+ (X — 2Y)cosd = f(O)
' (3
1 R .O
;O ; Q2 PO = P(0,.0) =0
aE ;SD (4)
; 20y , 0 0,
oY . [11] (3
t:330 ’ Y ’ <o . P>0, f=
;h 0 ;hmax hmin 0 s f: 0 s P =0 .



2 267
£>0 . P=0 f= (13) 0 .
0 x (9 A
B WX n . 2Y—X AW =S [(Y+2X)1,) +
¢, = arctan - *—Slgn( . )+ b
y+42X 2 Y+2X .
. CLO—(X—2V)L +C] A4
%sign(ZY—X)JrTc (5)
6, = 0, +n (6) O =— (v 4230 (I (x — oy (L2
1.2 L L
< I Pl I _I Ig 2
Reynolds ~ (3) G = (Y+2X)[ SUBLANR i BURER >]—
3
o) (Xizy)[mez)u(al)[—gIzwl)Ia(@z)}
P,0) = A « B(D (7) cos r
_ s, _ [ sing
A n )¢ 1(O) 7J 020dg; 1.0) 7[ g,
D ) I, (0) Lao; 1 = 1.<o) — 1.Goy)
P C9A P 9B 3 :Jﬁ§i:i1712
BE(H C\+AZ(H S2\= £()
8
R (13) (14) 10 d, d,
(4)
’ dl ds
AG) = Af,) = B(—2) = B =0 _ _
9) di = cosO [(Y+2X)L + (X —2Y)I, ] —
(8) sin(0—60,)/H® sind, [(Y +2X)1, + (X —2Y)1,]
0,—0, . 1
B d; = cos&[(YJrZX)(L—I—II])—
B—a’B=1b (10) :
<X—2Y>(16—%1]H+
azzdl/dg;b:dz/d:% 3
: I
. D s 9A sing, [ (Y +2X) (I, — 311, \—
dlzf ool Ga) | ae [ S
0, sin(@ 61) ETE I
_ , <X—2Y)<I;——212)]
(% rsin(@—0) F(® L
d, = [—g]da
0 H 1D A (7)
0
d, :J‘[Asinw—el)]de
0,
! R (et e —et —e )
BQ)=B(—2) =0 P, = e —
(10) B(O ,
B(E) b(ellt+e*agie(ll 767(1/1) [C113(6)+(Y+ ZX)L(Q)*
= 2 ai —aj .
a’(e” +e™) (X =2V L) +C, ] 15)
(1D
(1D ) 1.3
b(e“ +e ) rd s JA ; ,
bletre ) rd g PAH? =
a2<eﬂ+ew>[ae( ae>+“ J [0,.0,1X[—L/2.L/2]
Foy L 2 A (12)
a’ 920 a0 .
F‘Iil 0, (L/2 Slnﬁl
A B N/ , { :J J /)(ﬁ,z)R{ dfdz =
F),f 0, —L/2 — cosf
(12)
b a IA 6u0R' [ T+
O 9 g3 — > . (16)
f(0)+a2 ae( (w) 0 13 C I_ny



268 27
02 A . s ()
/. :J j [P(0.O)sind]dodg = 4
1Y A Xe
2 ie’“ — ief“ —le® — e y
(a a )X X,Y, OI)
et +e T,y Ty
[(Y+2X)I, —(X—2VI, +C 1]
an
y _ Ty (— .y Y
. . X=Y=¢ctmX=6 Y=g
ar —ad ai —ad
P 2( a a Ae A ) » (20)
Jy e“/{ +e,(“{
[(Y+2X)1, — (X— 2V +C L] X =2y =2 X = ﬁ v — (yn
(18) ’ ’
€3))
0 o [01,0) +x ]
L@ = | g, 1) = | =2-lag i} , (5)
" sinfcosd _ 2Y — X
I (&) = J Tde | = arctan 2Y X*isign<7.>
Y+2Xx 2 Y+2X
I,’:I;(gl)ili(gz) 1249576 .
an  18) (16) 5 sign(2Y — X) +x
, 067,60, +x]
ie“* — ie*“A — e — e ,
F, B lZ/AQR'1 <a a ) % ) ,
{Fy} c (e +e ), ’ -
LI, — LI, — LI +LI-[Y+2X
[71613_‘_1112 13131212}]:)(—2)}} , , -
01 I 961:61902:*_7;
19) 2
2 8; ]:[ ’ H
0 .
2.1 01:37"+y,92:n+0’1;
2 0 .0, i
’ ‘ 6 I .
’ - 3 57
0, = 77(+7’ 0, 7_77
0,V 0 =0, 0 =8
1 s U1 — U1y U2 — 7 Vs
0, 1 .
0, = %—I—y, 0, = 0, + x;
| .
¢ 3w
01 - ?+7» (93 — 7*)/
' Y, _ 3
0, I} 5@1*91962*7 Y
2 0 I . ;

Fig. 2 Sketch of upper pad in elliptical bearing
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Fig. 5 Oil film pressure distribution in different angles of pad
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