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OPTIMAL DESIGN OF HYDROSTATIC BEARINGS

By
M.A. Nasser* & A.A. El-Sawy**

ABSTRACT

Optimum hydrostatic circular rotating bearing design is the
objective of the designer. Most of the previous designs con-
cerned with the optimization of single objective function such
as minimization of power loss or maximization of static and
dynamic stiffness. An alogorithm for solving bicriteria prog-
ramming problems has been constructed and used successfully for
solving the problem of optimal design of hydrostatic thrust
bearing under rotation. A significant results has been obtained.

INTRODUCTION

Hydrostatic bearing systems are finding wide acceptance in a
variety of applications. These include the support of massive
slow antenna structures, frictionless space-vehicle simulators,
machine tool slideways, measuring and inspection instruments,
test equipments and medical equipments. Since externally pre-
ssurized bearing "Hydrostatic" have been used successfully in
various applications where precise frictionless motions are
necessary, and.because they have the inherent advantages of
virtually zero static and dynamic friction, absance of wear,

‘negligible maintenance, presence of damping in the fluid film.

Against these advantages, it is only right to mention the draw-
backs to the. use of hydrostatic bearings. An inherent one is

relatively poor behaviour in the presence of large dynamic forces

owing to small damping action of the fluid film.

The ideal in design is to arrange that the bearing will operate
under working load conditions with a clearance corresponding to
the maximum stiffness portion of the curve, so that extra load
will have a minimum effect on the film thickness. This procedure

lOf design methods is of . a limited accuracy and only onegoalcanI
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be obtained. Actual, real problems in variably involves non-

deterministic systems for which a variety of conflecting object-
ives exist. Therefore the vector optimization problem appears

when decision maker must take a decision satisfying the maxi-

mization (minimization) of more than one conflecting objectives.
The aim of optimization is the achievement of maximum load sup-
port for minimum power dissipation, maximum dynamic and static

stiffness.

There are a number of variables of the design process and the
.designer has to decide the best value for each one.

One of the multiobjective techniques for solving vector optimi-
zation problems is used to obtain a subset of the efficient sol-
utions for the concerned problem.

Several significant results has been obtained from which anyone
of them can be selected depending on the relative weights which
can be imposed on the different conflecting objectives.

THEORY

The performance characteristics of externally pressurized bear-
ings can be obtained by applying the general lubrication assump-
tions on the Navier-Stokes equations[1]. The performance chara-
cteristics of the externally pressurized bearings are the load
carrying capacity, volume flow rate, static and dynamic stiffness.
The inlet pressure and flow rate are related by the following
expression

6uQ R
P = R,n _ r -..o----(]—)
= ﬂhg RO
w
N

R
FIG (1) Hydrostatic  thrust  bearing

The outlet pressure Py is assumed to be atmospheric.
The load-carrying capacity is given by:
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The pumping energy is:

_ 9 _ .
Ep = ﬁ; (Po Pl), in.lb/sec cosuseseld)
The friction loss is:
4
2 4 R
_ ,2TN 2um R° o y
Ef - (60 ) ho (4 4) ln-lb/SeC -...-1-0(4)

The temperature rise of the oil in passing through thelxﬁwingtﬂ

is estimated by
Ef @)
AT = 12 X 778 QY_C_ F, ..---‘.-.(5)

The oil viscosity is a function of temperature, given by

loglO loglO (v+ 0.8) = n log T + Cl' P L )

The static stiffness of externally pressurized bearings is depe-
nds mainly on the method of the bearing compensation 3,4].
The static stiffness for a bearing compensated by capillary tube

1s P
3W )
)\=____ (l__) -oc-.co-(7)
) Py
for sharp edged orifice
- Po ‘
3w 2(1 /P,) -y
A hO 2 - PO/PS
and for flow control value is:
3
A= — e —: 1)
hy
PROBLEM FORMULATION OPTIMIZATION
CRITERIONS:

The criterions are to minimize total power loss (F1) and to maxi-
mize the stiffness (Fj) to the bearing. The above expression must
be set up in sequence so that the computer begins with knownivalues

of the design variables R, Ro,u,Q,ho. [5]

1. min Fl = Ef + EP ceassese (LY
3W

2- max F2= h_o -o-o.o--(ll)

s Constraints
The sepecified load (WS) must be less than W
W-WSZO --oooooo(lz)

The inlet oil pressure must be less than the specified maximum
designated P__

W



’ . SECOND A.M.E. CONFERENCE

6 - 8 May 1986 , Cairo

MD_zia;a

r ' ~1

P -P > (o] -...-.co(l3)
max o —
The oil temperature rise must be less than specification, design-

ated ATmax

AT - AT > (@] -A- .'.".".‘..(14)
max —_
The oil film thickness is not to be less than a specified amount
hmin }
h "h . 2 1O -0000000(15)
o min —
The computer must be told that R must be greater than R,
R_R > 0 .-.0-...(16)
O —

to avoid the problem of unlogic convergence results obtained,
which appears when recess radius approaching the value of bearing.
outer radius.

So the value of R - Ry® hy to make sure that the flow is
laminar, and the values of enteranci and exist loss are negli-
gible. The exist loss will be 72_'

g
If the exist loss to be very mall fraction of the pressure drop
2
= J Q
Lie g lzmRE_) 2 ewswnuss (17

Also it must be observed that when the value (R -R,) becomes
very small, the bearing here, is subject to a very hight-pressure
that may cause a failure of the bearing or makes a surface dam-
age

Pa'-' —-‘_ZW_Z—' ?_O u--ll...(ls)
(R™=R)

(@]

PROGRAM FOR CHARACTERIZING THE SET OF EFFICIENT

SOLUTIONS IN BICRITERIA CONVEX PROGRAMMING PROBLEMS.

A. Purgose.

This program solve the bicriteria convex programming problem
which has the following form:
BCPP min - [f,(x) , £,(x)]

subject ﬁo
M= {x €R/g, (x)< o, k = 1,2,...,M},

The efficient solutions of BCPP can be characterized in terms of

optimal solution of the following nonnegative weighted sum prob-
lem: -

P(A) min Afl(x) + (1 =X) £, (x)
XeM

B. Method.

The aldorithm nraoccede e £AT1 1~ o
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. 1. start with A =o0

2. solve P(X) using the sequential unconstrained minimiza?ion
technique (SUMT) to obtain x which is  efficient solution of
BCPP,

3. determine the stability set of the first kind corresponding
to x.,[6]

4, select a new value of_ X and repeat the procedure gntilthe
parametric space of A through [D,E] is fully determined.

A logic diagram of this method is given in Fig. (2)

SELECT STARTING VALUE OF A

l

"SOLVING P (X) USING SUMT

DETERMINE S (X)
SELECT ANOTHER :
B L - STOP
VALUE OF A
. Fig. (2) Conceptable flow chart
RESULTS

The results obtained through using the algorithm, gives a sub-
set of all efficient solutions. The designer have many options
through this method of solution. The decision maker can takes
the decision satisfing the optimization of more than one con-
flecting objectives.

CONCLUSION

1. The method of design gives a subset of all efficient solutions
2. The choise of the optimum design depends on the decision maker
"designer".

3. The conflecting objectives can easly solved and gives optimum
options.
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It is required to obtain the optimal design of a hydrostatic
bearing which illustrated in Fig. (1). The primary speci-
fications are:

Speed (N), 750 rpm.

Weight (Wg) , 101070 1b

Lubricant used, SAE 20 oil (n=-3.55, Cl = 10.04)
Oil pump efficiency (np) , 70%

Maximum oil pressure (Pmax)’ 1000 psi

Maximum temperature rise of oil (ATmaX), 50°F
min.)’ 0.001 in.

The above problem can be reformulate to take the following

Minimum oil film thickness (h

equivalent forms
4 :
. . rY B w? . R
min F, = 38698.928 & (5- - -2) + 2.7297542 H&_ o R
1 h 4 4 3 R
0 h o
poo W =
max 2 —l,g—

subject to

5 2
R =R
3.9 ¢n fﬁ ( © ) - 101070.0>0
ho o in R/RO
1.910828 k¢ n R 1000.0 > o
ho = 4
U R4 Ro
h, = 0.001 > o
R-R, > o ;
0.001 - 0.000024 -2 _ > o
535 2
Rl R
O in —
0 Ro
5000.0 - 0.955414 X2 ___©° 4
3 R 2
h n —
o 2
(@]
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NOMENCLATURE :
Q : volume flow rate, in3/sec.
P : inlet recess pressure,
hg : film thickness, in. 5
u : oil viscosity, lb.sec/in".
R : outer bearing radius, in.
R : recess radius, in.
W : load carrying capacity, 1b.
E : pumping Energy, in.lb/sec.
EE : friction loss.
PS : Supply pressure.
N : rotational speed r.p.m.
AT : temperature rise.
W : specified load,lb.
s . :
Pmax : maximum designated pressure.
AT : maximum designated temperature rise.
max = : 5 :
hmin : minimum film thlgkness.
Lie : exist loss, 1lb/inZ2. 2
P : surface damage endurace stress, lb/in”.
n : pump effeciency.
FP : first objective function.

F second objective function.

A nonnegative weight, o < A < 1

Y : weight density of oil, Ib/in3.

C : specific heat of oil Btu/1b.COF.

N
e se

——
.o

constants for a given oil

kinetic viscosity, centistokes.
: absolute temperature, Rankine.

Hc QO3
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