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VIBRATIONS OF SHAFTS ROTATING ON

LUBRICATED BEARINGS

G. CAPRIZ, A. LARATTA

Istituto di Elaborazione della Informazione CNR, Pisa, Italy

SYNOPSIS We put in evidence certain properties of the forces generated by the lubricant in rotor vmmnwsnu.
The properties are relevant in the study of self-excited or forced vibrations of rotors.

1. INTRODUCTION

Analyses of shaft vibrations under the influence of
lubricant action in the bearings are usually so
complex that recourse must be made to numerical
procedures. Thus specific results can be obtained;
the overall qualitative appreciation of phenomena
is often lost, however.

To reduce difficulties and push the direct analysis
more deeply, we have already partially exploited
the idea of studying separately certain dynamic
properties of the oil film: precisely those which
evidence the existence of paths of the journal
centre along which the oil force has oos<mupm=n%uo
perties.Separately pne can then check the noaﬁunwvw
lity of such movements of the journal with other
dynamic conditions deriving from hypotheses on
shafts elastic behaviour.

Here the analysis of Ref. 1 is completed: in the
first part a detailed study is made of properties
of the linearized expressions of the oil forces in
the neighbourhood of a steady state of the journal
under load.. The results are relevant for instance
in an analysis of behaviour of a shaft rotating on
two differently loaded bearings. In the second
part large amplitude movements of the journal cen-
tre are considered: again extending results of Ref.
1 we consider the asymptotic expressions of lubri-
cant forces when the eccentricity ratio is almost
1, covering cases when the lubrication is complete
or when the film is ruptured by cavitation.

2. A property of the linearized wanmmmwou of
lubricant forces.

The radial and transverse componentg of the lubri-
cant force acting.on a rotating journal will be

called F,, ¥, with
F, = H f, (a,a", 4, v/ ;B) ,
Fo=HE (a,a',49, '8,
g BB
N ¥y
c
where:
R,b,c are radius, width, radial clearance of
the bearing,
oo is the rotor speed (radians per unit

time ) and

© L.Mech.E. 1975

A ig the viscosity of the lubricant;

f ,£ are non-dimensional functions of
mnnmnnnwmzw Hmnuo a (true eccentricity, ¢ a), of
the derivative a' of a with respect to non-dimensip
nal time % = et, of the attitude angle 4 m<n_.=mm
ed with reference to a prefarred direction (the
direction of the load, for instance) and of its
derivative 4, and finally of a vector B of para~
meters characterizing the bearing (for a " eylindrical
full bearing B = (c/R, b/R)).

If a, & are ‘n:m values of a, 9 in a steady journal
position under a load W , then
- - W

mm = mmAm.o Y¥,0; B) = - = cosy ,

u.

- W :
mU = ..mﬁAmuOqu [sH wv = ..lml. mwﬁ.ﬁ s

It is_convenient to introduce a system of reference
14 umo.n‘%v with origin. in the steady-state uonwl
tion of the journal centre and_with x-axis grien=-
ted as the attitude vector £LO( £, bearings
centre) and to introduce approximate components
Fy,Fy of the lubricant force in the neighbourhoed
of wm steady state:

Fp @ H(E_ + 2, & + 2,1 +vSm +b Né ),

o z ? !
Foo H(E + ay & +a),m + by B+ bym ),

y
where £ = x/c , m = ylc.

We can explore now the possibility that special el-
liptic trajectories exist:

g =c

w - nw cos »¥ ¢ nb

cos¥T + ¢, gsin ¥v ,

(2.1)
sin v ,

( ¥, ratio of whirl to running speed), such that
the linearized expression of the excess force

Amxlmmm wm.%lmmsv

coincides, along these trajectories, with the
expression of the sum of an elastic restoring force
(of components ~ Ke§ , -~ K ¢ ; K, rigidity) and
of a viscous damping force (of components - E ¢ §',
-Ec ..NJ E, damping constant):
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and & > Nshcov . The mode of vibration is References
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(at all speeds & > 2 ; the amplitude in- 1. €. Capriz, Self-excited vibrations of rotors,

creases linearly with time. Proc. IUTAM Symposium on Dynamics of ro
tors,Copenhagen (1974), under press.

4.The mnao,uoum partial lubrication. 2. R. Holmes, Instability phenomena due to

circular bearing oil films.
J. Mech. Eng. Science, 1966, vol.8,

The analysis of Sect.3 has essentially a theore-

tical interest, because, in practice, during vi- 419-425
brations at high eccentricity ratio the lubricant ° . L.
film is usually ruptured. Then, explicit expres- 3. A. Laratta, Oscillazioni non lineari di ro-
sions for the oil forces are available only for ' tori. I.E.I. Internal Report B74-31
the case of short bearings {Ref. 4 ); therefore we (1974).
restrict our attention here to that case. Even eo 4. G. Capriz, Sulle vibrazioni delle aste ro-
the analytical situation is very complex, because :

: A . tanti. Ann. Sc. Norm. Sup., 1963,
a new variable is involved: the angle ©( which vol. 17. 31-42

. s .

specifies the attitude of the oil film

ol = arctan NMMW».M\JIVM. : (4.1)
precisely ome has
F = 4 RE-29 )ag, (2,0t )-2a"g,(a, o )},
. B (4.2)
F =t R§a-2)eg,a,00)-2a%g (3, €D |,

vhere g, , 8ys 85 ‘have complicated expressions
in terms of “the variables a and & (Ref.4)

g, = -2a nomwk
1 .AH..mN nomwor vm
- lenlummv nomw. uw sen o +
g 2.2 73 .2
(1-a (1-~a” cos ol ) (4.3)
+ H+Nmn M X, arctan a sen® w
2.5/2 2 2.1/2 4
(1-a™) (1-a™)
- -2 cos®ot +a” cos®ox ) a sen®f
€3 ) 72, .2
(1-a”)(1=-a" cos” of )

+

2,.-3/2 x a senal
(1-a™) + arctan .
h V] ClvaHNN

A case in which the analysis is still relatively
simple is when

ol= e [(1-a)¥ ], 4> 0,

and the oil force is required to behave as
follows )

mmb\ulwnm' mnﬂho,i—wu ap 1.

It corresponds to circumstances where the re-
gion of cavitation rotates with the frequency

of whirl without appreciable rocking and it is
compatible only with the behaviour of a vertical
shaft (or a light shaft: no appreciable load

on the bearings). )

?maouomwnmmgmnosawnwos R liwmﬁmnrm
following asymptotic expressiochs

-2/3

|~\u. afel-ng .

of &% -mae
(4.4)

i 4n -4/3
HIM)\unK Im z R

where @ and © sre positive constants.
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