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FINITE ELEMENT ANALYSIS OF NON-CIRCULAR
HYDRODYNAMIC BEARINGS

* * %
M. EL-SHERBINY , S. ABDELAZIZ

ABSTRACT

. The paper presents the results of a finite element analysis of
:non circular bearings, such as displaced, half lemon, and .

spiral bearings.

. A number of bearing characteristics are discussed and some
"geometrical and operational parameters are concluded.

INTRODUCTION®

- One of the most troublesome features of hydrodynamic journal

bearings is the o0il whirl [1]. It is a vibration that occurs
at a little below half the shaft speed. In curing these pro- .

"blems it is established that a downward hydrodynamic force
.can increase the natural frequency of the bearing and thereby

eliminate or avoid such undesirable feature [1].

-There are a number of bearing designs which are known as anti-
"whip bearings. Falling into this category are the multilobed

bearings [2], the half lemon bearings [1], the displaced bear-
ings [3], and the spiral bearings [4]. .

- The only type of these bearing designs which received consi-

derable attention is the multilobed bearings [5]. The present:
work is therefore devoted to the operational characteristics

:of the other three types, namely the half lemon, the displaced
"and the spiral bearings.

:The finite element analysis [6] is utilized for solving the
“incompressible lubrication problem through the variational

approach. A limited number of bearings have been investigated

.in each case, but the program can handle any other bearing
‘with complex geometry.
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FINITE ELEMENT FORMULATION.
‘In utilizing the variational approach [7] in solving the Rey-
nolds equation,
3 3
9 _ b QE) + & (A Py -y dh (1)
X '6n 9x 3y '6n 3y dx
. The problem reduces to minimizing an eguivalent function
3 3
_ ~-h~ 3p,2 _ h”  4p,2 3P 4a (2)
J(p(x,y))= g G - 5y * Uk 5%
within a well defined solution domain subject to a nonvanish- ;
: ing boundary condition:
P = P(x,y) (3)

.on a nonvanishing boundary segment Sp and a flow boundary conf
dition:
’ u_h 3

- p [X_ _.h" 3p
Q=1 5 - 157 G5x

‘on a boundary segment Sq

g

p (4)
% ay” :

MODELING

The bearing surface is devided into N, (N = Nc X NL) rectangu-

‘ lar elements. If elements of equal dimensions are considered
then

Ax = ZnR/Nc and Ay = L/NL

Finer elements however are generally used in areas of steep .
' pressure gradients. The total number of the rectangular ele- '
ments was limited to 200 to match the capacity of the employed
computer. The program however was designed to include further
: refinement by dividing each rectangular element into four
triangular elements of three nodes each.

: The film thickness distribution was initially‘cqlculated from:
the bearing geometry at preselected eccentricities.

: The program was usually checked for accuracy [8] by solving a.
problem for which a solution is known. ’

RESULTS
Half Lemon Bearings

In the present work, bearings having clearance ratio (CS) bet~-

ween 2.5 and 3 with concentric lower shells and aspect ratios
: (L/D) of 0.5, 1.0 and 1.5 are considered. Fig.l shows the
geometry of the bearing, while Fig.2 shows the pressure dis-

L.tribution obtained for a square bearing (L/D = 1.0) at an ¥
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Fig:1 GEOMETRY OF HALF-LEMON BEARING
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Fig:2 PRESSURE DISTRIBUTION OF HALF-
LEMON BEARING
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‘upper eccentricity ratio of 2.5. The dimensionless load capa-.
city (W) and coefficient of friction () obtained at different
: clearance ratios are also shown in Fig.3, while the correspon-
"ding dimensionless oil flow (Qf) and side leakage QL are shown:

_in Fig.4. Because of the too many design variables involved,
‘a large number of computer runs are required to fully charac-
terize such bearings. The present results however are only a
representative sample of the available data.

Displaced Bearings

‘Bearings having relative lateral displacements (Rd = DS/R)

within the range 0.004 up to 0.006 but with different aspect
:ratios (L/D) of 0.5, 1.0, and 1.5 has just been investigated.
Full characterization of displaced bearings still requires a
tremendous amount of computer work; and we can only give a
‘representative sample of the results.

Fig.5 shows the basic geometrical features of the displaced
‘bearings, while Fig.6 shows the pressure distribution in two
runs with different eccentricities ratio (er = ez/el). In

.Fig.7_the dimensionless load capacity and coefficient of fric-
"tion u are presented for bearings of equal eccentricities
(62 = €7), and in Fig.8 the same results obtained for square

. bedrings having different relative eccentricities are illus-

‘trated. The oil flow rates are also shown in Fig.9. A criti-
cal relative eccentricity ratio (e ) is found for each rela-

: tive displacement (R,) below which the load carrying capacitf
"would generally decrease, see for example Fig.10. This figure

can be used as a design guide for minimizing or eliminating

.0il whirl,

Spiral Bearings.

‘Spiral bearings having clearances ratio within the range 2—30.

are considered. Fig.ll shows the bearing geometry, while
Fig.1l2 shows the pressure distribution at a relative clearance:

:of 2.5. The computed load capacity W and friction (u) are

also shown in Fig.13 for different clearance ratios. Fig. 14
shows a carpot plot for the computed friction interms of rela-

i tive clearance (C_) and the eccentricity ratios of the two

halfs. Fig.15 shows similar results for the computed load
capacity (W), while Fig.16 shows the corresponding side leakge

:values.

CONCLUSION

"The finite element analysis is shown to be able to handle bear-

ings of complex geometry, such as half lemon, displaced and

. spiral bearings.

Some operational data of each of the above mentioned bearings

:is reported, and a critical eccentricity ratio chart is pro-

duced to assist designers in minimizing bearing whirl.
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Fig:5 GEOMETRY OF DISPLACED BEARING
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Fig:6 PRESSURE DISTRIBUTION OF
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‘Considerable amount of computational work is still required
.before these bearings can be fully characterized.

" [1]

: [2]
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NOMENCLATURE

Radial clearance between journal and shell
Clearance ratio (Cz/Cl)

Lateral displacement of displaced bearing
eccentricity

Film thickness

Bearing length

Number of elements in circumferential direction

Number of elements in axial

Pressure
Dimensionless oil flow = [Q/(Rj C NL) 1]
Dimensionless side leakage = [QL/(Rj C NL) ]

Radius of shell

Radius of journal

Sommerfeld number (n NLDRZ/WCZ)
Bearing velocity

Dimensionless load = [W(C/R)z/ nRN]
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0il viscosity
Coefficient of friction
Attitude angle

Angular coordinate
Eccentricity ratio (e/c)

Relative eccentricity

2}

iSubscripts

1 Lobe I

) Lobe II

Dimensionless length = Y/L

29-=31

FiRST A.M.E. CONFERENCE

May 1984, cairo






	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

