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Nonlinear Frequency Response Analysis of Hydrodynamic
Journal Bearing Under External Disturbance

Byoung-Hoo Rho and Kyung-Woong Kim

Department of Mechanical Engineering, KAIST

Abstract-This paper presents the nonlinear characteristics of the oil lubricated hydrodynamic journal
bearing. The traditional approach is to characterize the behavior and performance of fluid film hydrodynamic
journal bearings by means of linearized bearing analysis. The objective of this paper is to examine the
nonlinear characteristics of the journal bearing when an external sinusoidal shock is given to the system. The
oil film force is obtained by solving the finite width Reynolds equation at each time step by the solution of
the column method. Freqeucy response function and journal orbit obtained from both linear and nonlinear

bearing simulations are compared with each other.
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Fig. 1. Coordinate system.

b= EAy ®)
8_p .

b= aJ'ch (6)
a_p .

Ps= a)'}Ay O

T3 p= AAHPAXAMY F2 dHkolx, py,
Dy b pre= AEY vlAaZES] 93 e AEYE
27 FHIW, o] AFHF AR A ZNE Flolt}.
A 2% A 3% A ()l Hggess A @) 2
o oA Y EYAHQ w4 0] dojAT)

6 dh,
P T
I 181 wcosBdh, 3hidp, d (cos .
T h 90 R aeao( p, ) Omsiné
sz =
18uwsinB0h, 3hidp, J (sin@
12 — o e — |-
’ h 90 R aeae( 3 ) 6mweosf
& 12ucos@
L 12usin@ ]

®
A71M, T2 wEAAARA otgs} 2t

1 d7,.0\ d7,.0
_ | PR | L 32 9
T= R289(h° x)+az(hzaz) ©)

Vol. 15, No. 1. 1999



70

olzHE FAYIARIAY ¢ 2 49 YEue
BEES 7T o8, PN 4R AARE o
&3 2

D) HH A EEA NN
p.=0 (10)
)y Ad AAzALEE
Ip,
pa=0, £= (11)

HdelEe] & 39 2 THAY 2P &89 A
23 2oy

D=pr=ps=p=0 (12)
B gjaollAd= ol gjgto] 2hgale -l de]
WY g9l 78 BosA, N} BE $US A3t
o HuFEFAdMY ¢EE oz s AA=AL
Argetgon, sue] AL dolEE Thest Bt

R=40(mm), u=49(cP), L/D=0.25, m=20(kg)

3 Fig. 13 2L HFACNAM A4 AHEH A
o] wld T o £ g 9§ iy
& gest 2ol MRNtE RUL A e 4
pi=

Afwf fl;x fl;xo CrxCol [ Ax k. xkxy Ax
= - = +
{Aﬁy} { ,,,} {/,,y} Cpn Cpy {Ay'} kye {Ay}

(13)

714, Z&AFe ARAFE Rt 2ol AErh
i i

cy:;f,-’ kijz_f;, iaj=x7y (14)

A 2] (8P T8 FHRPYEEte] 4 R e
g 2R el HustesA oo gHEgeR
A HES ANE F glew, o1 4 (13p] dd
gezx Y3k F5A AFE o2t Hel 72
Aot

{c"} - pa{cf’sw +0) }Rd@dz s
Cp 4 | sin(0+¢)
{c”} =] m{ c?s(e +¢)}Rd6dz (16)
¢, 4 | sin(6+¢)
k. cos(@+¢)

=[p Rd6d: 17
{kyx} JAP {sin(e +¢)} ‘ an

Journal of the KSTLE

i
o,
ot
A
on.
olo

10 N )
—— perturbation method

| - ---assumption of finite value

e

Stiffness coefficient , N/m

Eccentricity ratio , ¢

10 s I N S
—— perturbation method
- - - - assumption of finite value

Damping coefficient , N.s/m

00 02 04 06 08 1.0

Eccentricity ratio , ¢
Fig. 2. Linearized dynamic coefficients of journal bear-
ing.
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C : bearing clearance, m R : bearing radius, m
c :damping coefficient of bearing, N - m/sec R, ' :amplitude ratio of frequency response fimction,
F  :matrix of frequency response function i, =%, ¥
I :film force, N r : position vector
h :film thickness, m t :time, sec
K :stiffhess matrix x, ¥ :coordinates
k : stiffness coefficient, N/m Ax, Ay, Ax, Ay :perturbation of journal center
L :bearing length, m z : coordinate of bearing length, m
M :mass matrix 6 :angular coordinate, starting from maximum film
m :mass of journal, kg thickness, rad
P :cil pressure, Pa u : oil viscosity, Pa- sec
P, b :perturbation pressure, Pa/sec ®  :angular speed of shaft, rad/sec
s, s :perturbation pressure, Pa - m/sec 4] :attitude angle, rad
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subscripts
b : bearing

J : journal

0 :static equilibrium position
x : direction of x-coordinate
y : direction of y-coordinate
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