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ABSTRACT

Stability is known to be an important criterion
in the design of high speed, o0il lubricated bearings,
Efforts to increase the stability range of such bearings
are being made by such methods as design. improvements and
modifications of bearing arrangements. An impetus to this
effort was given by the introduction of floating bush
bearings for high speed applications inciuding gas turbines
and turbosupesrchargers, The present work on stability of
floating bush 'bearings éprang from R and D work on turbo-

superchargefs for Diesel Engines at the institute,

The study was carried out for two arrangementsg,
the 'Single Floating Bush Bearing' and the *'Double Float-
.ing Bush Bearing'.

.

The first design studied was the single floating
bush bearing. Thé analysis was conducted for short bear-
ing, infinite bearing and the finite bearing analysis was
tried, The stability cf the reggr-bearing system was
studied by applyihg Routh-Hurwitz criterion for which
the characteristic - determinant was obtained from the equations
of equilibrium, From the characteristic determinant the coefficients of

the characteristic equation were obtained through a computer
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package developed for the purpose, The progran developed was
general and worked even when each element of the characteristic
determinant, which may be of order’m X n was a polynomial of
an'arbitrary order n. Noiterative procedures were involved

and hence the values cbtained were exact, Using:the same comw
puter package the points of instability were obtained by apply-
ing the Routh-Hurwitz criterion to the characteristic pqunqmial.
The program could be used for different types of bearings such

as the ordinary journal bearing, the single floating bush bear-

ing and the double floating bush bearing,

Thé stability curves feor flexible bearihgs were
obtained through tﬁe rigid bearing analysis. This involved
finding the rocots of.the charactrristic equation. The known
existing methods for finding the roots of a polynomiél were
found to be unreliable., Considerable amount of effort was
therefore spent on &eveloping a computer program for this
purpose, The finally developed program generated the initial

values from the coefficients of the polynomial,

For the finite bearing analysis the Reynolds
partial differentizl equation was solved by a modified finite
difference approach., This new approach used the concept-of
'Reynolds Moving Boundary Condition®, satisfying the Reynolds
dp '

0

'boundary condition p =5—=o at 8x74+@ in toto, unlike the



(xvi)

commonly used iterative technique where the only condition

satisfied being, p, the pressure should never be negative,

The second design studied was the unequal length
single floating bush bearing and finélly the analysis of
double floating bush bearing was conducted and stability

charts drawn,

Originally it was planned to carry out experi-
ments to validate the theoretical work, However subsequently
it was félt that the magnitude of theoretical work was rather
large and it was considered better to concentratz on the
theoretical work and to take ;t-tb a conclusive sﬁage sacri-~

ficing the experimental validation part.

Certain differences were found in the coefficients
evaluated by the numerical method presented in the thesis

and those previously obtained analytically by Tanaka and
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Hori in 1972. The stability charts for single floating bush
bearings using short bearing approximation were replotted and
compared with the results obtained through infinite bearing
approximation; the latter in general gives a lower value for
the onset of instability, though the .profile of carves is
ﬁearly the same by both the methods., It was noted that the
more rigid the. bearing is the better is its stability, Further
improvement of stability of the bearing could.be obtained by
increasing the ratio of outer clearance to inner clearance
and at this tatib,of‘ﬁéré than g.4,the profile of the curves
was fouﬁd to be smootgér indicating stable opgratign.

Results for finite bearings could not be obtained
because of convergence problem; Though the Reynolds equation
for the inner f£ilm could be easily solved, solving the Reynolds
equation for the outer flim unéer the balance of torques and
forces was unsuccessful though several methdds were tried.
Solving the Reynolds cquation by taking care cof the moving
boundary condition improved the accuracy of the results and
indicated that the final Reynolds boundary condition was

gsatisfied far ecarlier than suggested by the iterative techhique.,

Results of calculation for unequal length bearings

showed that the idea of 'unequal length' flcating bush bearing

could be used to advantage, In general, decreasing the ratio
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of the outer bearing length to the inner bearing length for a
floating bush improves the stability characteristics. The
improvement was found to be particularly remarkable for rigid

bearings.

"The double bush results show an impressive
improvement in the stabi%}ty of the rotor-bearing system, for
ceffain combinations of clearance ratios. For a double bush
two clearance.ratioé are defined. The one is called OUTERMOST
clearance ratio and the other OUTER clearance ;atio. ;g
general increasing the outermo#t clearance ratio andAthe ogéér
" clearance ratio improves the stability of the rotorebearipg
system. Also for a particular ouﬁer clearance ratio increas-
ing the outer most clearance ratio increases the stability
range, Thus with a proper choice of these clearance ratios

a double floating bush will be much more stable than a single

floating bush bearing,
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