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ABSTRACT: Optimization is the art of obtaining the best results under given circumstances. In design,
construction and maintenance of any engineering system, the ultimate goal is either to minimize the effort required
or to maximize the desired benefits. The various processes of optimization come under the subject Operation
Research (O.R.). O.R. one of the branch of mathematics which is concerned which the application of scientific
methods and techniques to design making problems and establishing optimal situations. In this project we aim to
find the optimum design of a hydrodynamics bearing through operations research techniques. The two methods used
are stochastic programming and geometric programming. The existing design procedure treats design variables
as deterministic ones. In actual practice due to manufacturing tolerances etc. design variables do not remain
deterministic but become probabilistic. The probabilistic nature of these should be given proper consideration
while designing. This project deals with an approach which takes into account the probabilistic nature of
designs variables, as well as probability of satisfying constraint equations. Stochastic signomial geometric
programming has been used for optimization.

I. INTRODUCTION

In this project aim is to find the optimum design of a hydrodynamic journal bearing through operations
research techniques. The two methods used are “Stochastic Programming and Geometric programming”.

Stochastic or probabilities programming deals with situations where some or all the parameters of the
optimization problems are described by stochastic (random or probabilistic) variable rather than by deterministic
quantities. For instance, in the design of mechanical systems, the actual dimensions of any machine part has to be
taken as a random variable since the dimension may lie anywhere within a specified (permissible) tolerance limit,
stochastic programming thus, change a probabilistic problem to deterministic one.

This deterministic form of a problem is called a primal problem which is converted into a dual and solved
by the geometric programming method
Theory

When some of the parameters involved in the objective function and constraints vary about their mean
values, a general optimization problem has to be formulated as a stochastic nonlinear programming problem.
Assuming that all the random variables are independent and follow normal distribution, a stochastic nonlinear
programming problem can be stated in standard form as:

Find X which minimizes f(Y)

Subject to
p[gj (Y) =0]> P =12 am (1)
Where Y is the vector of N random variables yi,yo,.......c......... yn and it includes the decision variables
X1, X3 .. e e Xy . The case when X is deterministic can be obtained as a special case of the present formulation.
Objective Function

~(V N (9f = N (9f _
00 = () - 2 (] )7, 43 (o) v = o) @

Further if Y;i(i = 1, 2, 3, .....n) follows a normal distribution Q(Y), Q(Y) also being a linear function of Y
following a normal distribution, then the mean and variance of Q(V) will be

[ :d oY) 3)
An a ,
Var(o) = of = S (37| ) @

Since all y; are independent. For the purpose of optimization a new objective function F(Y) can be constructed
as
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F(Y) = kla + k20'<p (5)
Where k; = 0and k, = 0and their numerical values indicate the relative importance of ¢ and o, for
minimization.
Where k; and k, are constant having values = 0, k, = ¢ indicates that the expected values of F(Y) is to be
minimized ignoring the standard deviation. On the other hand k; = 0 indicates that one is interested in
minimizing the variety of F(Y) about its mean value without bothering about the mean value of F(Y) k; =k, =
1 indicates that equal importance is given to the minimization of the mean as well as standard deviation
Takingk; = k, =1
FY)= 9+ g,
Conversion of probabilistic constraints into an equivalent deterministic form:

If some parameters are random in nature the constraints will also be probabilistic and one would like to
have the probability that a given constraint is satisfied to be greater than a certain value. The constraints
inequality can be written as

Iy fy,9)d g; = p) (6)
Where f5,(97) is the probability density function of the random variable g; (a function of several random
variables is also a random variable) whose range is assumed to be —oo to co. The constraint function g;(Y) can
be expanded around the vector of mean values of the random variables,Y as

g0 = g @)+ 2L (L] )0 -7 ™
g; can be obtained as
g,= 9,V ®)
And
[Z 69! i]z (9)

If @, (pj) is standard normal variate corresponding to probability p;, then using equations (6)-(9)
1

6g z 2 z .
- 0;(p;) = [2 L ?) in] >0,j=12...m (10)

Thus the equivalent determlnistic problem is to minimize F(Y) satisfying constraint equation.

Application: design of finite hydrodynamic journal bearing for minimum heat loss

Problem statement:

Optimization design of finite hydrodynamic journal bearing for minimum heat loss using parameters radius (R)
and clearance (C)

Given that:-

L/D =1.0, € = 0.6, N = 900 RPM

Data obtain from computer program using finite element method

f, =3.14570, f,=3.14796, W = /2 + f? = 495080 N, ¢ = 50.1570,Q = 2.6894

Sommerfield number(S) = 0.12858

- . 2n’s
f(Friction co — ef ficient factor) = [\/_ 3 sm(b] ( )
f= % + 22 sini{50. 5170)] (0.001) =0.00340 N (11)

Other data (assummg)
Oil selected SAE 30

Operating temperature - 40°

Viscosity of oil (1) - 90 CPS or 0.09x10°® N-sec/mm?
Density of oil (p) - 0.9 Kg/mm®

Specific heat of oil (C,) - 1.88 Kj/kg’C

6 = 0.6666° m per unit length, £ =50 x 10° N/m?, G = 8 x 10° N/m?.
Formulation of the problem:
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To design a journal bearing for minimum heat loss for the given data

N =900 RPM 1 = 0.09%10°® N-sec/mm?
From the Programme for the eccentricity ratio (¢) = 0.6

@ =50.1570 Q=2.6894

Sommerfield number (S) = 0.12858 f,=3.82110

f, = 3.14796 p = 0.9 Kg/mm®

¢, = 1.88 Kj/kg’C At=39°C

Assuming % =0.001 from Machine Design’s (V.B.Bhandari) Book
by calculating using the above values
W (Load carring capacity) = /2 + f? =V3.82110% + 3.147962 = 4.95080 N

U(Velocity) = 2nRN _ 2m900R _ 94 2477 mmisec

60
N _ 20990 _ 94,2477 radfsec

w(Angular veloaty) =

60 60
f(Fricti fficient factor) = [ans +€'®](E>
riction co — e cien actor —_— —Sin =
Vi—¢2 2 R
211 0.12858
f= [ B 4 Ssini50.5170) | (0.001) = 000340 N

To attain minimum heat loss we have to minimize the difference between heat generated and heat dissipated.
Thus our objective function can be defines as:-

To minimize —
Fo= B, -,
—2 —
F = [W"“’R U — Q@CR pe;AT (12)

Now putting the value in equation (4.1) and (4.2)
; {[4.9507 % 0.09 X 1076 X 94.2477 X R
1 —

—2

C
— =2
- {2.6894 X 94.2477 X 0.9 x 1.88 X 3.9 C R }

l x 0.00340 x 94.2477R

F, = 1.34726 x 10—5R
Constraint equation:
For any given bearing journal should be sufficiently strong so that it can transmit maximum torque for permissible
values of 6 the angle of twist, and f, the shear stress. For any length I, the maximum angle of twist is given by
For G |s the modulus of rigidity,
To avoid the failure of the journal due to torque transmission, the actual angle of twist and shear stress must be less
than permissible value, i.e.
Hence the constraint equation is

GOR
If the design parameters R and C are taken as random variables because of manufacturing tolerances etc, their values
will fluctuate about mean values. If these random variables follow normal distribution and the mean values and
standard deviation are R and C and o and o, then the new objective function in deterministic form is given by
equation as

1672.59CR (13)

1

[Z ag] azyi]z (16)

By simplification
1

ar\% 52
oy = A +{Z (52) ot} (17)
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If the constraint equation g; is satisfied with a probability p; if the normal variate for probability p; is given
?; (pj) then, the new constraint equation in deterministic form is given in equation as

Finally problem reduces to minimize the objective function given by equation satisfying constraint equation.
If the design parameters R and C are taken as random variables following normal distribution and the standard

deviations are oz = 0.01R and o, = 0.01C respectively, then the new objective function in deterministic form,
from equation is

R R’
2 —2
F; = {1.34726 x 107° — - 1672.59CR ]+ {6.7363 X 10_7_—2 - 33.4518CR
C C

ES
+ {—2.69452 x 1077 = — 16.7259C_RZ]
c

-5
F; =1.3878 x 107° % — 1722.7677CR’ (18)

On substituting assumed data in equation
8 x 10'° x 0.6666m x R

<
103 x50 x 106 x 180 ~
18.6168 x 1073R <1 (19)

gj =
)

If the constraint equation is satisfied with a probability of 99.99%, then for P; = 99.99% the normal variate @; (F,)
from table no. 3.1. Using equation the constraint equation in deterministic form is

1
g;d = 18,6168 x 107°R — 5[(18.6168 x 10—3)2(0.01E)z]2

g;d =0.01767R <1 (20)
Hence the problem reduces to minimize objective function given by equation satisfying constraint equation.
Application of geometric programming:
For the project problem we have obtained “primal function” as

—5

R —2
F; =1.3878 x 10_5_—2— 1722.7677CR
c
Subject to

g;d =0.01767R <1
In this problem

n = Number of primal variables = 2

m = Number of primal constraint =1

N, = Number of terms in objective function = 2

N, = Number of terms in constraint equation = 1

N = Total number of terms in the posynomials = Ng+N; =3

A‘Ol - 102 =1 (21)
Ap11401 + Ao12d02 + A111411 =0

Ao21 401 + Qo202 + Q121411 =0

loj =20,j=1,2,3

Comparing from the matrix

[aon Qo12 a0111] - [—2 -1 0

Qo21  Qoz2 Qo121 5 -2 1

So now we have

Qg1 =-2 gz =-1 o111 =0
Qo21 =5 Agpz =-2 Qo121 =1

Co; =1.3878 x 107°

Cop =1722.7677

Cy1 =0.01767

(22)
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By putting all these values in equation and finding the values of 1y;, Ag;and 1¢3
Aop —Ap2 =1

—2101 _AOZ + 0 = 0

5101 - 2102 + /‘{11 = 0

Than by solving the above equation we have

101 =1/3 AOZ =-2/3 /111 =-3

Now applying these values in equation i.e.

v(d) = [ (ho1 + 7\02)] [ (o1 + Koz)] [C11 O 11)]

. [13878 %1075 17227677 2 10.01767 . 17
W= = x5 = S =23 [T a3 P9
x; = -48.1136
By applying the equation
7\‘62 = COZ(Xi)aOXI*Z (XE)HOZZ (23)

o

—2  1722.7677(x;) " (x3)*

3, —48.1136
;\'11 *\a *\a

= = C11 (xl) 0111 (XZ) 0121
;"11

3

= = 0.01767(x;)° (x3)*

x; =56.5930 mm = R

-2 1722.7677(x;)"'(56.5930)*
- —48.1136

By solving above equation
x; =0.01676 mm = C

Il. RESULT
The different parameter can be selected to calculate objective function. First the speed is chosen for
1000 RPM then 1100 RPM and 1200 RPM and the viscosity of oil and temperature difference will remain
constant. Next the viscosity of oil is chosen 0.09 then 0.10, 0.11, 0.12 and 0.13 and temperature difference and
speed will remain constant. Then again the temperature difference is chosen 3.9 then 4.9, 5.9, 6.9 and 7.9 and
speed and viscosity of oil will remain constant

Change in rotation of journal Change in viscosity of oil Change in temperature difference
N H,—H, " H,—Hy At H,—Hy

900 | 5.9173 KN-m/sec 0.09 5.9173 KN-m/sec 3.9 5.9173 KN-m/sec

1000 | 7.32038 KN-m/sec 0.10 6.5883 KN-m/sec 4.9 5.8860 KN-m/sec

1100 | 8.872567 KN-m/sec 0.11 7.2593 KN-m/sec 5.9 5.8547 KN-m/sec
1200 | 10.6700 KN-m.sec 0.12 7.9303 KN-m.sec 6.9 5.8235 KN-m.sec
1300 | 12.4242 KN-m/sec 0.13 8.6014 KN-m/sec 7.9 5.7922 KN-m/sec

I11. CONCLUSION

The non dimensional parameter for hydrodynamic journal bearing such as Sommerfield Number(S)
Total flow (Q), FRC (f), and Attitude Angle (@) for a hydrodynamic journal bearing were calculated using FEM
technique for Eccentricity Ratio € = 0.6, L/D = 1.0
The objective function was again calculated by the variation in the following ways:-
(i) By the variation in the value of speed (N). (ii) By the variation in the value of viscosity of oil ().
(iii) By the variation in the value of temperature difference (At).
The representative charts are shown in figs (5.1, 5.2 and 5.3). The advantages of these charts are that one can read
the value of objective function for any specified speed or temperature difference or viscosity. Similar charts can be
prepared using the variation of the other parameters. These charts can be used for the design purpose so as to reduce
the magnitude of the objective function by applying external agencies.
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In the present work a numerical example has been solved, but this method can also be applied to any practical
bearing if the information about the required data is available.
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