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ABW4T 

Multiple oil wedges at the periphery of the oil 
film bearing exert foroes on the shaft from all direction" 
ani shaft displacement is resisted against static and dyna. 
mic nature of forces, Hinged segmented bearing pernii8 
tilting of the pads due to the lydromynamic oil filth foresS, 
thereby changing the film shape suiting the working condi-
tions, The sustainedIftbration at high amplitude for suet] 
bearing occurs only at the speed' five or six times of that 
of the first critical Speed whereas this ratio for complete • 
bush bearing is only two. 

The analysis of this type of bearing has been renderh-
ed diificult . due to the change in oil film shape because of 
tilting of the pad. This has hitherto been carried out. by 
following a method P-3) which takes a bearing configuration 
Oymmetrioal to the vertical centre line and finds out the 
properties of all the segments with respect to one line of 
centres. Such analysis makes further compromise by accept-
ing the pivot point filteihicknesses of the bottom two 
pads equal though the met calculated with reference to the 
vertioal line of centres yield different values. 

The proposed method of analysis considers 3-segmented 
bearing as three independent bearings with their own line9 
of centres, eccentricity ratios and inlet angles, finds out 
the properties of the individual segments one by one and 
assemble these properties with respect to the horizontal 
and vertical axes for assessing the properties of the bear-
ing as a whole. 

To .establish the line of centres for each of the 
segments, the segment concerned is given gradual tilt till 
the time the resultant load line passes through the pivot 
point, For the segment 443.1, the eccentricity ratio is 
assigned. The journal centre decided by the segment No.1 
has been assumed to be fiated for the segment No.2 and 3. 
The segment No.2 and 3 are given an initial tilt so that 
the pad centres of the so segments lie on the line Seining 
the journal centre with the respective pivot points. 



is regard$1  the choice of the segment No.1, the 
location of the journal centre for the partial bearing 
given by Raimondi (14) for clockwise rotation has been 
used as a guide. For hinge-point-angle of 40 and 50 deg-
rees the bottom left segment becomes closer to the Jour-
nal centre and develops most of the pressure. When the 
hingpoint-angle is 60 degrees, the journal centre lies 
in such a position that the maximum pressure develops 
in the segment at 120 degree ahead in the direction of 
rotation. Since the pressure can be maximum in either of 
the bottom segments, the choice of the bottom right seg-
ment as the segment No.1 fulfils this condition, i,e, in 
that case again the pressure is maximum under the bottom 
left segment. However this analysis has been done by keep-
ing the bottom left segment as the segment No.1 for all 
the hinge point angles. 

As to find out the stable state of the segments 
the load line for an irdIvidual segment needs be defined. 
Since the oil film pressures are normal to the surface, 
their resultant also will be a radial line. The moment of 
this force about the hinge point when no more tilt is tak-
ing place is to be balanced by the opposing moment due to, 
the friction force at the hinge point. Considering the 
latter moment to be very small, the resultant film force 
is to pass through the pivot point. The line joining the 
pad centre and the pivot point satisfies both the condi-
tions of being the load line. 

Ls is usual with the analyses of the partial bear-
ings, it has been assumed that the pressure starts at the 
inlet edge. Under the conditions as above the configuration 
of the stable state of the segment leads to a trigonometri-
cal relation between the four parameters, viz, the eccen-
tricity ratio el  the hinge point angles 04 the inlet angle 
and the attitude angle 	This equation involving two un- 
knowns 9 and fl is solved out by an iterative method where 
p is assigned a value and the value of A so calculated is 
used to find the film thickness and the pressure distri-
bution. The integration of the latter yields the value of 
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p for a oheck with the assumed value of A The starting 
value of 3 is set at zero. 

These steps, physically interpreted, mean setting up 
different line or centres by moving the journal centre in 
an are about the pad centre with radius equal to the eccen-
tricity ratio. For a particular line of centres the load 
line is found out definine the latter by an angle A, Ini-
tially (1=0), the line of centres and the load line over-
lap and at the convergence the line of centres ig set at 
an angle p from the line joining the pad centre o1, end the 
pivot point P and the calculated load line position is very 
close to the line P01 • 

The tilt of the seements No.2 and 3 at the stable 
state is attained by following the same steps as that for 
Segment No.1, with the difference that the initial eccen-
tricity ratio is the outcome of the journal centre location 
decided by the first pad and during the search for the etable 
state tilt, the eccentricity ratio goes on changing at each 
successive stage depending upon the position of the pad 
centre. Physically, it is the movement of the pad centre about 
the joUrnal centre in a rarpbolic path where the distance bet-
ween the journa] centre and the pad centre is always changing. 

In view that this analysis pertains to the line of 
centres of the individual pads and here the attitude angle p 
can lie in any of the four quadrants, the relation between 
the inlet angle and the attitude angle should take care of 
the variation for p lying in differmt quadrante. 

Other feature is the consideration of negative eccen-
tricity which is defined by the distance between the pad centre 
and the journal centre but the latter lying beyond the pad 
centre in the opposite side to that of the pivot point. In 
other words the eccentricity is eve, when the distance bet-
ween the journal centre and the pivot point is more than the 
distance between the pad centre and the pivot point. 

Subsequent to the attainment of the stable seeLee of 
all the segments the properties of the individual segments 



are assembled with respect to a horizontal and vertical 
axes through the bearing centre. At this stage the loca-
tion of the hinge points with respect to the vertical centre 
line is defined by an angle X1 which has been as 	three 
different values successively to study the effect of on-pad 
and between-the-pad loading. 

To study the effect of the hinge point angle cc and 
L/D ratio, three values have been chosen for the formerle.g. 
40,50 and 60 degrees and 0.5 and 1.0 of the latter. The arc 
length of the individual pad is 100 degrees and the hinge 
points are at an angular distance of 120 degrees from each 
other. 

The results have been confined to find the steady state 
characteristics for different configurations at eccentrici-
ties 0.1 to 0.9 assigned for the segment Ne.1. For the 
pressure distribution under the segments the Reynolds 
equation for incompressible lubricant at isoviscous condi-
tion under steady load has been used. The recourse has been 
taken to the finite difference substitution to convert the 
differential equation into Simultaneous equations and Gauss-
$eidel iterative method to solve out the pressures at diffe-
rent grid points haS ireeen worK ed out. 

The experimental work has been carried out after de-
signing and fabrication of segreented bearing with hinge pins 
at the end faces to permit rolling of the pads. The movement 
of the journal centre and that of the pads have been assessed 
as these two together set up the minimum film thickness. 

Finding out dynamic coefficients about the stable state 
found out by this method for each of the segments, assembling 
them for the entire bearing and using these to find out the 
stability limits of rigid or flexible shafts supported on 
such bearings, are the necessary extension to this work. Co-
rrection due to the temperature and viscosity variation that 
the results will undergo is also necessary. Results for other 
configurations may also be worked out to choose the right con-
figuration for particular application. 
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Th.:Computer time required for evaluation of the 
bearing properties can be reduced by using a method of 
assembly when tie properties of the segments are evaluat-
ed for a comprehensive range of parameters. 

The proposed method of analysis is free from many 
of the restrictions imposed upon the analyses previously 
carried out. It yields all the relevant data compatible 
to each other. 

General applicability of this method of analysis has been 

well established from the consistent results obtained for 

the different input parameters. Viability of the design 

has been tested by running the rotor at 2850, 3900 and 

5300 R.P.M.' Vibration, a potent factor to consider for 

high speed operation, can be reduced by balancing the 

rotor, increasing the bearing areas at the retaining plates 

and by holding,the vertical stands at a height near the 

top edge. 
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PREFACE 

A few words need "be said about the presentation 
of the thesis. It has got twelve chapters. The chapter II 
gives the historical background and sets the limits to 
the analysis of the problem. Chapter I summarises the 
salient points of the work carried out regarding this 
type of bearing and the partial bearing in general. Chap-

ter III exposes the approach to the analysis carried out. 
The tilting of the hinged pad gives rise to geometrical 

configurations. The inter..relationships between angles 

and sides have been formulated in chapter IV„ The methods 

using the Reynolds' equation for the bearing analyses 

have been discussed in chapter V with a view to place the 
particular method used in the broad spectrum of analyses, 

The expressions for the static parameters have been 

derived in chapter VI and the finite difference forms for 

these expressionS have been laid down in chapter VII. Cha 

ter VIII describes the test rig, instrumentation and experi-
mentation. The results computed by this method, collected 
from the earlier publications and those obtained from the 

experiment have been included in chapter IX. The discussion' 
and conclusions drawn from the theoretical and experimental 
work has been,put forward in the chapter XI. Chapter X deals 
wiJ the future work and chapter XII has got in its fold 
the appendices. 

Tne index shoNing the contents, the list of Tables, 

the list of figures, nomenclature is enclosed herewith to 

form a part of the prefaco. 

The figure notation is written as IV-1 to mean 

FIG IV-1 and notation for equation as 4-1 Which is same 

as Eq (4-1). 
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