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Abstract- In the case of noncircular journal bearings, as opposed to circular journa bearings, the orientation
of bearing with respect to a given load direction can be a design parameter. Thisorientation may be defined in
terms of an angle, which in the present work is being referred to asthe mount angle. The purpose of the work
presented in this paper is to study the effect of the mount angle on.the theoretical static and dynamic
characteristics of three types of gas-lubricated noncircular bearings: It is found that the effect of the mount
angle happens to be more pronounced at low compressibility numbers. Also, among the three types of
bearings, the effect of the mount angle is more significant in two lobe bearings in comparison to the three and
four lobe bearings.
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1. INTRODUCTION

The term bearing mounting refers to the orientation of a bearing with respect to afixed load direction and
is typical to the lobed and pad-type bearings. The bearing mounting may be expressed in terms of an
angle, to be referred to as the mount angle 6,,, by which a bearing is set by turning with respect to a
vertical load support; (see Fig. Lin which the mount angleis defined for three types of |obed bearings). As
shown, the mount angle is taken positive when a bearing is turned in the direction of rotation. For usual
upright configurations, &,, =0.

In the bearing literature, the bearing analysis and characteristics are invariably reported for upright
configurations; (see:the work of Chandra et al. [1] on gas-lubricated lobed bearings and the references
cited therein). In the present work, the effect of the mount angle on the static and dynamic performance
characteristics of the three types of gas-lubricated lobed bearings is studied. The lobed bearings
considered are two, three, and four lobe bearings of symmetric geometries as shown in Fig. 1. It is
believed that studies of this kind are not available in the literature, and, therefore, fill avoid in the existing
bearing literature.

The analysis describing the governing equations, their solution, and results are given in the
succeeding sections. The Galerkin finite element method [2] is used for the computational formulation of
the governing equations. The governing Reynolds equation of gas lubrication for static analysis is
nonlinear and its solution scheme is based on Newton's method; this is adopted from the work of Rohde
and Oh [3]. The dynamic analysisis based on Lund swork [4, 5].
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The geometric details of arepresentative noncircular bearing configuration are shown in Fig. 2.

Analysis of a gas-lubricated noncircular bearing involves the solution of the governing equations
separately for an individual lobe of the bearing, treating each Iobe as an independent partial bearing. To
generalize the analysis for all noncircular geometries, the film geometry of each lobe is described with
reference to bearing fixed Cartesian axes (Fig. 2). Thus the film thickness in the clearance space of the kth
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Upright configuration (19M = 0)
Oriented configuration

Two-lobe

Fig. 1. Upright and oriented configurations

2. ANALYSIS

lobe, with the journal in a state of trandatory whirl, is expressed as [1]
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1 . 1
hk:E—XjcosH—Yjsn.9+(g—1)cos(9—.9(’§) (1)
and
1 . 1
hok:E—oncos@—onsn9+(g—l)cos(9—9§) 2

is the steady state film thickness. (on,on) and (Xj,Yj)are respectively the steady state and dynamic

journal center coordinates and ¢ is the preload in the bearing. Also 0(’)‘ is the angle of lobe line of centers.
The pressure governing equation of the isothermal flow field in abearing lobe is [6]

0 ;3 Pl 03 Pl_ Ayl .9 3
ae{h (P+1) 80}+6§{h (P+1) ag} A{U ae+2@J{(P+l)h} )
subjected to the conditions

P(6,",&,1) = P(6," ,&,1) = P(6,£2,1)=0 (4)

where 911‘ and 0;‘ are, respectively, the leading and trailing edge boundaries of ‘the kth lobe.
To describe the dynamic state of the flow field, the whirling motion of the journal is assumed to be
harmonic[1, 2], that is

X' =Re(|X'|e’") Y = Re(|Y]e’) (5)

where X', Y' are the perturbation coordinates of the journal measured from its static equilibrium position,
|x'|,|y| are the motion amplitudes, and j = vJ-1.
Y

STEADY STATE ef 912 DYNAMICAL STATE
JOURNAL POSITION JOURNAL POSITION

Fig. 2. Noncircular (three lobe) bearing geometry and coordinate axes

The gas pressure may be expressed as the sum of the steady state pressure (PO) and the dynamic
pressure. To afirst approximation
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P=P,+P] X’+Py'Y' (6)

where
P! =P, + jyP;, P’ = Py + j;/Py- (7)

are the dynamic pressure components. The steady state pressure equation, obtained by substituting Eq. (6)
inEq. (3) and putting X' =Y'=0,is

R s VA R R e ®

The equations for P, and P} are obtained by partia differentiation of Eq. (3) with respectto X" andY’

P P, P P,
0 {ho (P, +1)a Z h03a—90PZ’ —AhOPZ’} aag{ho (P, +1)‘3§ +hy> =2 PZ}

00 o&
. , 0 2 0P, 0
— j2yAhg P, = — NPy +D(3hy —-A 3h O (Py+1)— 9
J&yAhglz ae{f()(o )( 0 20 )} 85{ of()(o )85} ()
—Jj2rAN(Py +1 £(0)
where P, standsfor P; or Py’ ,that is
P/ =P, +jyP. jz=x,y (20
and
cosd for P/
_ x 11
/(9) {sine for Py’ (11)

In the present work, the Galerkin finite element method [2] is used for the computational formulation of
the governing equations, Egs. (8) and (9). The governing equation for steady state pressure, EQ. (8), is
nonlinear. The scheme for its solution is based on the Newton's method; the details of the same may be
found in [1] and [3]. The governing equations for dynamic pressure components, Eq. (9), are complex;
however, the finite element formul ation poses no difficulty as Eq. (9) islinear.

3. STATIC CHARACTERISTICS

Having obtained the steady state pressure field by the solution of Eq. (8),the static characteristics are
obtained. The static characteristics are described by the bearing load capacity, the attitude angle and the
viscous power 1oss. The components of the gas film force on the journal are given by

Fo Fh cosé
{F } kl{FykJ ZJ j Pok{sing}dadf (12)

y0

where L stands for the number of lobes.
The load capacity and the attitude angle are then given by

Fo=(Fh JrFyzo)}é , o =arctan(X ;o/Y;0) (13)
The viscous power lossis given by

P, = 2 j%jgk(?’i aan hik)dﬁdé (14)
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4. DYNAMIC CHARACTERISTICS

The components of resultant gas film force on the journal may be expressed as

o R Al ol S8 o

=Sun + J7Bun (m,n=x,y) (16)

that

It now follows from Egs. (6) and (15) that

i } ST oo snoluo .

yx }’

It is clear from Egs. (7), (16) and (17) that the coefficients S,,, correspond to the film force reaction
components of reas of P and P}, i.eP,andP,. Similarly the coefficients B,,, correspond to the film
force components of the imaginary parts of P{ and P}, i.e y#; and y P, . It should also be noted from
Eq. (8) that P; and P, and hence the gas film dynamic coefficients, depend on the whirl frequency ratio

V.

5.STABILITY MARGIN

The stability of the motion of journal in free translatory whirl is

¢ Bxx Bx (! Sxx Sx X' 0
m | ¥ | 2 e AE (18)
Y’ Byx Byy Y’ Syx Syy Y 0
Where M isthe journal mass.

Substituting Eg. (5) in Egs. (18) it can easily be shown that the characteristics equation of the
trandatory limit cycleis

(—My2 + Sy + B )My? + S, + j1B,,) =Sy + j7Boy (S + j7B)y) = O (19)
Which on separating the real and imaginary parts gives

M. y?=(S.B, +S,B.—S.B )I(B,,

xx = yy o xx xyPyx T yx xy (20)

yy)
2 2 2
Ve _[(Sxx _M7 )(Syy _M7 ) Sxy yx]/(Bxx yy BxyByx) (21)

The above equations provide the criterions for the determination of » and the stability margins. Quite
obviously there would be a unique combination of the frequency ratio and the dynamic coefficients which
satisfy, simultaneously, Egs. (9) and (21).

Corresponding to the value of the frequency ratio of the film induced whirling, the stability margin may
be expressed from Eq. (22) as:

M.=(SyB,, +S,,B—S B, —S,, xy)/(Bxx+Byy)y] (22)

xx 2 yy w2 xx Py T

Where M . may be referred to asthe critical mass parameter of the journal bearing system.
The dynamic coefficients, critical mass parameter and the whirl frequency ratio at the threshold of
instability are determined by trials [4, 5].
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6. RESULT AND DISCUSSION

In this paper the effect of the mounting angle on the three bearing forms, namely, two lobe, three lobe and
four lobe bearings is investigated. The preload for each bearing is taken as 0.5 and the nondimensional
external load istaken as W, =1. Also, the bearing aspect ratio has throughout been taken as unity, which is
the most commonly used value in practical applications. The range of mount angle for each bearing is
taken as one half of lobe arc length on both sides of the load vector. Thus the ranges of the mount angles
are. +90%for two lobe bearing, * 60%for three lobe bearing and * 45%for four lobe bearing. The
computed results are plotted in Figs. 3 to 6.
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Fig. 3. Effect of mount angle on attitude angle
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Fig. 4. Effect of mount angle on power loss
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Fig. 5. Effect of mount angle on whirl frequency ratio,
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Fig. 6. Effect of mount angle on critical mass, M
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The results are:
1. Except for the two lobe bearings, the effect of the bearing mount on the performance characteristics of
the three and four lobe bearings is marginal. This is apparently for the reason that three and four lobe
geometries are close to the plane axia groove journa bearing and the relative change of geometry due to
the rotation of the bearing with respect to a fixed load direction is less compared to that in two lobe
bearings.
2. Figure 3 shows that for three and four lobe bearing, changes of attitude angle with mount angle are not
significant. However, the two lobe bearing shows a marked variation in the attitude angle with mount
angle.
3. From Fig. 4 it is clear that for two lobe bearing the minimum power loss will be at 8,, = 0and any
change in 6,, will increase the power loss. In the case of three and four lobe bearings the effect of the
mount angle at a high compressibility number is negligible, while for alow-compressibility number there
will be changesin power loss.
4. The effect of the mount angle on whirl frequency ratio is shown in Fig. 5 and its effect on the stability
parameter is illustrated in Fig. 6. Three and four lobe bearings do not show any change in the stability
parameter with the mount angle. However, mount angle has a very significant effect on the dynamic
stability of atwo lobe journal bearing system. From Fig. 6, it is.seen that the mount angle can improve the
stability margin by as much as 70%.

7. CLOSURE

In contrast to the plain circular bearing, noncircular. and pad-type journal bearing may be oriented in
various ways with respect to a given direction of.external load. This orientation may be described in terms
of an angle, which in the present work has been referred to as the mount angle. In this work, based on the
finite element solutions of gas lubrication equations, the effect of the mount angle is studied for three
types of gas-lubricated noncircular bearings. Both static and dynamic characteristics of the bearings are
considered. It is found that the effect of.the mount angle is generally marginal. However, the mount angle
is a design parameter and may /be selected to meet some specific design goals. Of the three types of
bearings considered, the two |obe bearings are most sensitive to the mount angle. Also, the effect of the
mount angle decreases with/an increase in the compressibility number.

NOMENCLATURE
B, B, P.R? /(5,,, @ ), gasfilm damping coefficients(N/m); m,n = x, y
C conventional radial clearance(m), Fig. 2
C, minorclearance when journal and bearing geometriccenters are coincident(m)
F FP,R? filmforceon the journal (N)
h hC, , film thickness (m)
M, M,P,R?I(C, @), critical mass parameter (K g)
P PP,, subambient gas pressure(N/m?)
P, ambient pressure (N/m?)
P, P, iR *@?1C,, frictional power loss (Watt)
R journal radius (m)
S, S, P.R?|C,, gasfilmstiffnesscoefficients(N/m);m,n = x,y
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t/Z)o,Time(s)

Uu /(fa_)o) instantaneous peripheral speed of the journal (m/s)

w W(E?j bearing load capacity (N)

X,y Cartesian axeswithorigin at bearing geometric center, Fig. 2, subscript for components
XY coordinatesof journal center in dynamical state, Fig. 2
X0: Y0 coordinatesof journal center in steady state, Fig. 2
5 C,,/C preloadin the bearing
o attitudeangle
1% whirl frequency ratio at the threshold of instability
u ambient dynamic viscosity of thelubricant (Ns/mz)
o angular coordinate measured from x-axis, Fig. 2
05 angleof lobelineof centers
or 0% anglesat theleading and trailing edgeof the lobe, Fig.2
Oy Mount angle Fig.1
W rotational speed of the journal (1/s)
£ & /R , coordinate al ong bearing axis measured from midspan
A bearing lenght to diameter ratio, aspect ratio
A 6uwR/ (Faaf ) compressihility number
k subscript and superscript for lobe designation
0 subscript for steady state
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