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Abstract: The problem of hydrodynamics of the three-leaf“dislocated floating-ring bearing was studied by
means of boundary element method. The law including the distribution of pressure on boundaty surface (axial,
bearing and floating-ring) and its friction loss in different!eccentricities was obtained. \The results show that
the inner friction of three-leaf dislocated-bearing increases from 390.-875 to 1091. 65, and.-the inner friction of
three-leaf dislocated floating-ring bearing increases-from 94. 2523 to 114. 5069 with eccentricity varying from 0
to 0. 075 in nondimensional. So changing the pressure and flow field of bearing by adding floating-ring is more
stability and less wasted work of friction than-three-leaf dislocated bearing.
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With the development of the modern indus-
try and the improvement of mechanical running
speed, the people have put forward higher de-
mand for the mechanical dynamic characteris-
tics. The phenomena of friction loss and destabi-
lization of lubricating bearing often lead to the
destruction of the whole mechanical system.
Therefore, there is an urgent need to develop
the bearing with low-friction loss, high carrying
capacity and good stability.

In the way of altering the shape of bear-
ing""", hydrodynamic characteristics in disloca-

ted bearing was studied by boundary element
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method in 1993. It was found that not only the
stability of dislocated bearing was improved but
also the friction loss had been reduced in the
same load™. And the conclusion was proved by
Ref. [ 6] with experiment in 2002 and by Ref. [ 7]
with theoretical calculation in 2005.

In the way of adding floating-ring, Li et
al. "% studied the mechanism of dislocated bear-
ing, and concluded that the friction loss was
lower and the stability was better in floating-ring
bearing. According to using Galerkin’s approxi-
mation, the performance of the floating-ring

journal bearing was obtained by CHI et al. " in
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1990. And then the floating-ring journal bearing
was compared with the equivalent ordinary jour-
nal bearing in the characteristics in order to de-
termine a scheme for bearing system which will
be designed. SONG et al. """ used CFD method
to study the performance of hydrodynamic bear-
ings in 2010. It has been found that the load ca-
pacity of both films had periodical fluctuation
because of the bush rotation, and the pulsation
of flow rate in the oil holes was induced by the
pressure drop between the two oil films and the
existence of oil groove.

To further study the function of floating-
ring"#!'%, XING et al. "' studied the floating-
ring bearing in different eccentrics with bounda-
ry element method in 2004. The hydrodynamic
characteristics had been compared between float-
ing-ring bearing and ordinary bearing, concluded
that floating-ring bearing was more stability and
less friction loss than ordinary bearing.

In this paper, the ways of altering_the shape
of bearing and adding floating=<ting are.combined
and three-leaf dislocated\floating-ring bearing-is

Its stability with boundary ele-
d:18*19]

schemed out.
ment method was studie , and results-show
that it is more stability\and less wasted work of

friction than three-leaf dislocated beating!?”

1 Mathematical moedel and bound-
ary integral equations
Assumed that Q is a flow region of incom-

pressible viscous fluid, and I' is the boundary

surface, the differential equations are

Ve T(V) = V. (VV) )

in Q (D
Ve V=0
Boundary conditions are
T- "‘ r= 1L
{ on I 2)
V| r=V,

Where V., t, are velocity and stress of fluid on T';

nis the unit normal direction vector of I'; T(V)is
the stress vector of V.

Regarding fundamental solutions of Navier-
Stokes (N-S) equation as weight function, dif-
ferential equations of flow region of lubricant are

changed into boundary integral equations.

C(X) v (X) =

§Fni(XO>TL [Wk(xf Xo)jo ‘Uj(xo)dro -
SEF”,'(X())TU [V(Xo)]ou'ﬁ(x_ X())dFO ﬁL
ﬂgrni(X())'U,’(Xo)’()j(Xo)w/;(X* X())dP() —

%m(xo)wf,,»“ (X— X))y (X)d, (3
C(X) p(X) =

75EF‘”5(XO)qj(X7XO)TU I:V(Xo):l()dro—f—

SEFTI,'(X())qj(X_X())Ui(XQ)Uj(X())dFQ+
L6 0(X)q, (X— X 0,(X)dI,
ReJr 0

ﬂgn‘v,(Xo)‘U,(Xo)q;o(X*Xo)dﬂo (4)

Where v, (k=1,2)is velocity; subscript “0” is
the field point; \p is\the pressuré; nyis the nor-
mal-¢osine-of surface of boundarys W* and ¢* are
{undamental solutions of N-S equation; T; (V) is
stress of Vi Tj (W") is stress of W*; when X€
0, CX=1;when XET', C(X)=1/2.

Re[ (I'*I‘())(Ikixm)
I 3{1 I J! }
dm L7 TX = Xol+ xX— x|
k _ :7i L — Xio
XX = X=X, [

T, (V) =— pdy + (“u, i)

T/L](W}) —— q8ij TLRL(UJ/;/ + w;vi)

2 Discrete forms of boundary
integral equations
Assumed that the boundary surface I'is di-
vided into N elements,
(B=1,2,+

on the boundary points and in the domain points

I’y denotes fth element

, N). So the following discrete forms

are obtained.

N 2 2 N 2
2020 2 Ligngos — 25 D) Mgty +
B=1 i=1 j—1 =1 j—1
N 2 2

2 2 2 Mjpnipvipvss (5)

B=1 i—1 j—1
N

Copo = E Riptjs + E Z E Sienivjs
=1 j—1

p=1 i=1 j=1

(—/avlm =

)

(6)
Where Lijugs Mjgs Rigs Sy are integral coelfi-
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cients after discrete.

Lijkaﬁ - Jr T/,J [Wb(Xa - X())]OdF()
B8

¥

M. = J wf(Xﬂ — X,)dI}
T,
8

Rip = J q (X, — X dI
Ty

Siw = lJF a0y (X, — X,)dT,
B

Re

3 Analysis of results

With nondimensional radius of bearing-
neck, floating-ring are 1.0 and 1.2 (all the re-
sults are nondimensional). In the case of relative
rotational speed of bearing-neck, floating-ring
and bearing are 1. 0, 0.7 and O respectively, and
the running states of the three-leaf are simulated
to dislocate floating-ring bearing with different
eccentricities (e=0,0.015,0.030,0. 045,0. 060,
0.075).

The law of pressure on the surface of bear-
ing with the change of eccentricity is~givemn-in
Fig. 1. Vertical ordinate p is the pressure on-the
surface of bearing, and horizontal ordinate_ 0
moves counterclockwise. With\the emergence of
disturbance on‘\bearing, oil film is not vibrant
due to oil film load in\inverse proportion to-oil
film thickness, so the running states-of bearing
are safe. From the Fig.2, the pressure of bear-
ing-neck is basically equal to inner floating-ring
at every point respectively. While eccentricity
increases, the pressure increases.

Figure 3 are the visual picture of the curve
of e=0.015 and e=0. 045 in the Fig. 1. The size

of pressure is shown by the length of the arrow.

0 2n/3 4n/3 2n

Fig. 1 Pressure on surface of bearing
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—+— Inner floating-ring
—+— Bearing-neck
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Fig. 2 Pressure on surface of bearing-neck

and inner floating-ring

(b) e=0.045

Fig. 3 Visual picture of curve of pressure

on surface of bearing

The bearing-neck can be centralized in the func-
tion of pressure in order to run well.

Figure 4 is the flow field of three-leaf dislo-
cated floating-ring bearing with different eccen-
tricities. In all cases the flow field has the
vertex, and the vertex increases with the eccen-
tricity increasing. The phenomenon of hydrody-

namic characteristics show that the increase of
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the vertex has larger inner friction.
As shown in Table 1, the inner friction of
three-leaf dislocated floating-ring bearing is low-

er than that of three-leaf dislocated bearing in all

kinds of eccentricities. Therefore, the three-leaf
dislocated floating-ring bearing is more efficient

than the three-leaf dislocated bearing.

(e).e=0.060

Fige4 Flow field of lubricant

Table 1

Comparison of inner friction between three-leaf dislocated bearing and three-leaf dislocated floating-ring bearing

0 0.015 0.030 0. 045 0. 060 0.075
Three-leaf dislocated bearing 390. 875 436.0476  529.9656  669.1569  855.8838 1091.65
Three-leaf dislocated floating-ring bearing ~ 94. 2523 95. 03652 97.3998 101.3772  107.0387 114.5069

4 Conclusions

In this paper, the stability of three-leaf dis-
located floating-ring bearing is studied by bound-
ary element method, and the distribution of
pressure on boundary surface (axial, bearing and
floating-ring) and its friction loss in different ec-
centricities is given. The results are as follows:

1) For the three-leaf dislocated floating-ring
bearing, the more eccentricity, the more bearing

load.

2) Inner friction of the three-leaf dislocated
floating-ring bearing is less than that of the
three-leaf dislocated bearing in all kinds of ec-
centricities. Inner friction can also be reduced
greatly when adding floating-ring in the bearing.

3) The stability of the three-leaf dislocated
floating-ring bearing is better than that of the
three-leaf dislocated bearing, and the load is also
better than it.

From the above results, three-leaf disloca-

ted floating-ring bearing is more stability and
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less wasted work of friction than three-leaf dislo-

cated bearing.
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