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Abstract

Finding the optima load-carrying capacity and understanding the resulting dynamic
behavior play important roles in slider-bearing designing. Considering the film-gap height
varying slowly with the diding direction, the optimal-load designing together with the
corresponding dynamic characteristics of wide slider bearings is theoretically analyzed in the
present study. By applying the technique of calculus of variation, the optimization is
performed over a class of stepped bearings with certain shoulder height parameter and riser
location parameter. Comparing with the three cases of the plane bearing, the parabolic
bearing and the composite bearing, the stepped-profile bearing designed at the optimal
shoulder height parameter and riser location parameter provides an enhancement in the
load-carrying capacity, a reduction in the friction parameter as well as an improvement in the
stiffness characteristics. This optimal-load condition and the corresponding dynamics
provide useful information for engineers in bearing selection and reducing power |oss.
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1. Introduction

Load capacities carried by the journal-bearing system possess components acting in the
direction of the journal’s axis of rotation. Slider bearings are designed therefore to support
these thrust loads. Since the geometrical forms of the thrust pad may affect the load of slider
bearings, many researches concerning with different film shapes have been made by Pinkus
and Sternlicht [11], Cameron [1] and Hamrock [3]. Taking into account various operating
conditions further studies are presented, such as the effects of convective inertia forces by
Launder and Leschziner [5] and Synder [16], the effects of viscosity-film dependence by
Qvale and Wiltshire [12], the effects of turbulent flows by King and Taylor [4] and Taylor
and Dowson [17], the effects of thermal and inertia effects by Chowdhury and Ahmadi [2],
Rodkiewicz and Anwar [13], Rodkiewicz et a. [14], Safar [15] and Talmage and Carpino
[18]. These contributions concentrate upon slider bearings operating at the steady-state
condition. To prevent bearing-pad contact, understanding dynamic characteristics of dlider
bearings receives great important. Recently, studies of dynamic stiffness and damping
characteristics of wide slider bearings are made respectively for the plane bearings by Lin et
a. [7], the parabolic bearings by Lin et a. [8], the Rayleigh step bearings by Lu et al. [9] and
the composite bearings by Lin et a. [10]. According to the results obtained, the steady-state
performance and the dynamic characteristics are significantly affected by the inlet-outlet
film ratio and the geometric parameter of film shapes. However, in engineering application
the optimum wide dlider bearing that producing the largest steady-state load-carrying
capacity should be specified. Therefore, a further insight into the optimal design for the
bearingsis of interest.

In the present study, we are mainly concerned with both of the steady and dynamic
characteristics of wide slider bearings under the optimal-load designing. By applying the
technique of calculus of variation, the optimal film profile of curved dliders is determined.
Comparing with the cases of the plane profile, the parabolic profile, the composite profile
and the stepped profile, the steady-state performance and the dynamic characteristics of the
bearing under the optimal condition are presented in terms of the load-carrying capacity, the
friction parameter, the dynamic stiffness coefficient and the damping coefficient.

2. Formulation

The geometrical configuration of a wide slider bearing with a curved profile is described
in Figure 1, in which the film thickness varies slowly. The dliding velocity of the lower
surface is U , the squeezing velocity of the upper surface is oh/ ot , and the film thickness
is described by:

h(x,t) = hy(x) + h,,(t) 1)
where h,(x) is the shape function of the film depending the coordinate x, and h_(t) is

the minimum film thickness depending upon the time t. According to the thin-film theory
of hydrodynamic lubrication, the dynamic Reynolds-type equation taking into account the
sgueezing effectsis expressed by Linet a. [7] as:
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Where p is the film pressure , and u is the lubricant viscosity. Expressed in a
non-dimensional form one has the dimensionless dynamic Reynolds-type equation.

o x ¥ * oh"
O h ey P o 3
OX OX OX ot
h () =hl(x) + B (t) @)

The non-dimensional variables are defined by

* * * % . h . x 2
X :5, t :ﬂ' hS: hs , hm:h_m' h =—, p :phmO (5)
L L hmO h hmo IUUL
where h_, is the steady minimum film height. To obtain the steady performance and the

dynamic characteristics, the upper surface is assumed to undergo a small-amplitude
oscillation about its equilibrium position. The minimum film thickness and the film pressure
are then perturbed as:

hy =1+ee", P =P+ pee” (6)
Substituting into the dimensionless dynamic Reynolds-type equation and neglecting
higher-order terms of &, one obtains the steady Reynolds-type equation and the perturbed
Reynolds-type equation, respectively.

mO0

o, . P, dh,
—(h; +1)°® =2 |=6— stead 7
pve {( s +1) ax*} " (steady) (7
~ {(h +1)3 pl L+ 3(h, + )ng?}ui (perturbed) 8
X

3. Optimal Analysisand Bearing Characteristics

Integrating the steady Reynolds-type equation (7) once yields
dpo

o =F,(h;) - AF,(h,) ©)
where A istheintegration constant and
. 6h* 1

F((h)=———, - 10

1(hy) (h +1)° F,(hy) = (h +1)° (10)

Integrating again with the boundary condition p,(x =0)=0 leadsto
po = [ Fuh))a — A" Fy(h))dx (11)
Using the other boundary condition p,(x" =1) =0, theintegration constant A, is obtained.
1 * * 1 * *
A = | Fu(hy)dx /] F,(h;)dx (12)

Integrating the steady pressure over the film region of length L and width B resultsin the
load-carrying capacity.
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2
_ x\t/jt?; = [ F(h)d + A [ Fy(h)dx (13)

By applying the technique of calculus of variation asLin [6] and Vermaet al. [19] and, the
optimal design of the wide porous slider bearing can be determined. Let h_, A and W,
be changed respectively to h, +6h,, A +06A and W, +56W, , in which sh., 6A and

oW, aresmall quantities of first order. Then equations (12) and (13) changeto
(A +6A)[" [F, +(dF, /dh})sh;]dx = [\ [F, + (dF, /ch;)ah; Jox’ (14)

0

Wy +6W; = (A +8A) [ [F, + (dF, /dn})an]x dx’ — [ [F, + (dF, /dh;)sh]]x dx’ (15)

Solving equations (12), (13), (14) and (15) and neglecting high-order quantities, one can
obtain

. | dF dF 1 P | . A
o, = A e oo [ P - i o

Inspecting the above equation it is found that a stepped film profile could meet the
requirement of optimal load-carrying capacity. Recently, both the steady performance and
the dynamic characteristics of stepped bearings have been analyzed by Lu et a. [9].
However, the optimal design is not shown. To obtain the optimal load-carrying capacity and
the corresponding dynamics, the stepped slider bearing is reconsidered in Figure 2.

Since the film shape on the upper stepped surface is hs*(x*):d/hmozﬂ for
0<x <a, equations to find the critical riser location parameter o, and the critica
shoulder height parameter g, are

1 * * 1 *
g = [ FoX'd /[ Fydx (17)
dr, dr,
_ 2_0 18
an. N 19
Performing the integration and differentiation gives
+1)° - (B, +1)%2
- (Bs +1) (ﬁ3cr ) (19)
(Ba +D7" -1
1+ (2B ~D(Be +1)* - 3B, (B +1"* =0 (20)

The critical shoulder height parameter S, can be obtained from equation (20) by the
method of iteration. The critical riser location parameter o is then evaluated from
equation (19). Once the critical values «, and p, are determined, the optimal

load-carrying capacity can be obtained. Since the pressure distribution of stepped bearingsis
linear over two steps, the optimal 1oad capacity is equal to one-half of the maximum pressure

a x=oa,L multiplied by the bearing length. As a result, the dimensionless optimal oad
capacity is given by

WOop = o'50£cr [Fl(ﬂcr) - ALFZ(ﬂcr)] (21)

Dividing the shear force component acting upon the lower surface by the optimal
load-carrying capacity resultsin the friction parameter.

-5-
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‘L[pop = —_ FO L = _ I*:O (22)
Vvop hm0 WOop

where F, represents the dimensionless shear force component acting upon the lower
surface.

2
, 3a 1—
FO = — Aoy _ (1_ acr) _ crﬂcr ( acr)

ﬂcr +1 Ay + (1_ acr)(ﬁcr +1)3

For the bearing undergoing a small perturbation, the perturbed film pressure is obtained by

solving the perturbed equation (8). Following the procedure by Lu et al. [9], the dynamic

stiffness coefficient and the damping coefficient under the optimal-load designing are given
by:

(23)

S = Car (1_ Ay ;2 - C3r05cr2 (24)
D = Cyi (:l'_acr)2 — C3iacr2 + (2_3acr + acrg)(ﬂcr +1)3 _acr3 (25)
2 058, +1)°
where ¢,, ¢, ¢, ¢, and ¢, ae
— 6 ﬂ
— crMer 26
~ A + (1_acr)(ﬂcr +1)3 ( a)
_3(1_ acr)[cl(ﬂcr +1)2 _CZ] 2
C3r ag, + (1_acr)(ﬂcr +1)3 ( )
—q(L-a,’) +a, (B, +D°]

— cr cr cr 26
ST+ (—ay) (B, +1)° (269
C4r = 3C1(ﬁcr +1)2 _3C2 + C3r (ﬁcr +1)3 (26d)
C4i = CSi (ﬁcr + 1)3 (268)

4. Results and Discussion

From equation (20) the critical shoulder height parameter g, can be numerically
caculated by the method of iteration. Using equation (19) the critical riser location
parameter o, is therefore evaluated. According to the results, the optimal-load condition
occurs at the situation: the critical shoulder height parameter ., =0.8437 and the critical

riser location parameter a, =0.7003. In order to display the steady performance and the

dynamic characteristics under the optimal-load designing, four types of dlider bearings
including the plane profile by Lin et . [7], the parabolic profile by Lin et al. [8], the stepped
profile by Lu et a. [9] and the composite profile with ¢ =0.7 by Lin et a. [10] are
compared in this study.

The variation of dimensionless steady load-carrying capacity with shoulder height
parameter g for different types of dider bearingsis shown in Figure 3. Comparing with the

plane-bearing case, an increment of the load is gained for the bearing with a parabolic film

-6-
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shape. More over, larger load capacitiesare found for the composite bearing and the stepped
bearing a medium values of the shoulder height parameter. Under the optimal-load
designing, the stepped bearing with g, =0.8437 and a, =0.7003 produces a maximum
load-carrying capacity.

Figure 4 displays the variation of friction parameter with shoulder height parameter
for different dider bearings. Small differences of the friction parameter are found among the
plane bearing, the parabolic bearing and the composite bearing, but the stepped bearing at
medium shoulder height parameters results in a lower friction parameter. Under the
optimal-load designing, the stepped-profile bearing at the critical condition S, =0.8437

and «, =0.7003 predicts asmallest friction parameter.

Figure 5 presents the variation of dimensionless dynamic stiffness coefficient S with
shoulder height parameter S for different types of dider bearings. Comparing with the
plane-bearing case, the parabolic film shape signifies a higher value of the stiffness
coefficient at high shoulder height parameters; but the composite bearing and the stepped
bearing give a further increment of S for small values of S. Under the optimal-load
designing, the stepped bearing at the optimal condition S, and «, provides a higher
stiffness as compared to the plane bearing, the parabolic bearing and the composite bearing.
However, the maximum stiffness of the stepped bearing occurs at a smaller shoulder height
parameter than the case of optimal-load designing.

Figure 6 shows the variation of dimensionless dynamic damping coefficient D™ with
shoulder height parameter S for different types of slider bearings. For all of the four types
of bearings, the damping coefficient is observed to decrease with increasing . Comparing
with the stepped bearing, higher values of the damping coefficient are obtained for the plane
bearing and, then, the composite bearing. In addition, the parabolic film shape is observed to
produce the highest damping coefficient. Under the optimal-load designing, the bearing with
the stepped profile at the condition of S, and « predicts no contribution to the damping
coefficient as compared to the plane bearing, the parabolic bearing and the composite
bearing.

5. Conclusions

Based upon the theorem of calculus of variation, the optimal-load designing together with
the dynamic characteristics of wide slider bearings with the gap height varying slowly is
presented in this study. By applying the technique of calculus of variation, the optimization
is achieved. According to the results and discussed, conclusions are drawn as follows.

Both of the steady-state performance and the dynamic characteristics are significantly
affected by the film geometry and the shoulder height parameter of the bearing. By the
technique of calculus of variation, the optimal-load condition occurs at a class of stepped
bearings with the critical shoulder height parameter B, =0.8437 and the critical riser

location parameter «, =0.7003. Comparing with the cases of plane bearing, the parabolic
bearing and the composite bearing, the stepped-profile bearing under the optimal-load
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designing provides an enhancement in the load-carrying capacity, a reduction in the friction
parameter as well as an improvement in the stiffness behavior. This optimal-load condition
and the corresponding dynamic characteristics show useful information for engineers in
bearing selection and designing.
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7.Figureand Table

Figure 2 Geometrical configuration of a stepped-profile bearing
with shoulder height d and riser location al
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Figure 3 Variation of steady load capacity with shoulder height parameter
for different types of bearings
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Figure 4 Variation of friction parameter with shoulder height parameter
for different types of bearings
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Figure 5 Variation of stiffness coefficient with shoulder height parameter
for different types of bearings
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Figure 6 Variation of damping coefficient with shoulder height parameter
for different types of bearing
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