ABSTRACT

Rotors supported in plaln Journal bearings becoms unstable at high
speads due to the Flujd film forces. This lnherent disadvantage of
Journal hearings has led to the develppment of other shapes of fluld
film beartng. Squeere film dampers have also been invesxtlgated as
devices to reduce unbalanced foree transmitted to the machine found-
atlon or to increase stabllity of a roter. In those appllcatlens,
rolling contact bearings are mounted on retalner springs and the
outer races of the bearings are allowed to move withln cyllndrleal
pil baths fixed to the engine frame constituting squeeze fllms. The
fack that the use of wviscoelastie lubricants really improves bearing
performances at high shear rates, whlch occur withln the clearance
space of Jjournal bearings, has already gained conslderable experi-
menkal evidences. In squecze film bearings, compared Lo a jJournal
bearing, the wisceelastle lubricant does not undergo that high shear
rate and 85 a result, both normal stress effect and stress relawa-
ticn effect exlst; the phenomenon may be woll depicted by 8 linear
corotatoinal Mamwall's viscoelastic model. As the cogst of experimen-
tal testing makes 1t practical te consider computer simulationsz for
designing of rotor bearing systems, a proper t&chniqﬁe of mystem
modelling is of utmest importance to depict the complex dynamics of

the zystem as clesoly and extensively as possible,

The present work pruposes a stabllizing scheme where a squeeze film
damper (termed as stabllizer in the text}, unlike its general use,
is connected in parallel to a circular journal bearlng for support-
ing the rotor. With an aim to measure the influcnce of stahilizers
on the dynamics of the roter, the Jeurnal bearings in the aystem
under study have been fed by Newtonlan lubricants enly; squeeze film
stabilizers, on the other hand, are fed by both Newtonian and

viscoelastic lubricants so as te compare their stabilizing influen-

ces on the rotor-bearlng syztem.

The nonllnear fluid-film forces and thelr Interactiaons play a

cruclal role Iln determinlng the dynamic behaviour of a rotar boaring

system. Dynamics of a real system becomes further complicated when



the efferts due te calch-spring compliance, stablllazer placemnent,
gytoscapic action of roter-lnertia, rotaticnal damping \n Jdrlve-
couplling et are consldered. This romplex system has besn mode ] Ted
through bond graph techniqus. Maxwell's viscoelastic constitutive
equation, contipulty equation and equation of equilibrlium are used
tagnther with a perturbation procedure to find the viscoelastie
fluid film forces in stabliizers oo the basis of a short bearing
approximation, A Deborah numher (De) perturbation scheme 1s used to
derlve viscpelastic forces which automatlically returns the Hewtanlan
solutlen when De becomes =zero, The effect of viscoelasticlty on
film—forces is marked by the existence of acceleration dependent
torma éland &i, vhich are cuite different {from {fluld lnertia.
Journal hkearirgs in the system under study carry Lhe static lpad
while the dynamlc load due to a relatively small unbalance is Ehﬁred
together by Journal bearings =nd squeeze film stabllizers, Hence
flutd—film forces 1n Journal bearlngs are derlved on the basls of
w-film assumptlon, whereas, force derivation for sgueeze film

stahilizers assumes full-film condition,

As a first step of analysis stabillty maps are prepared for
eymmetric mode of vibration of the rotor. Tt is krown thar the
stability of & rigld rotor supported in Newtonlan bearings is
governed by bwo nondimensional parameters, ane of which is related
to cecentricity while the other one iz related to rutor speed (ie €,
and ut]- In the propesed scheme, when a stabilizer fed through a
Hewtonian 1ubricant 1s connected in parallel te the Jjourpal
bearings, stabllity of the system further depends on the bearing
geometry and the viscosity of Lhe lubricants used. This influenee §s
expresced by two nondimensional parameters, termed as bearing ratie
parameters in tho teuxt {H1 and HE}. When stabilizers are fed by A
rvizcoelastic fluld the stability is influenced by s0ill another
nondimensional parameter, De [Deborah number), and censequently five
nendimensicnal parameters (viz. Eo+at.ﬂ1,ﬂz and Del) are 1lnvolwved.
Ztady reveals that increase in ”1 Increases the high speed stability
limit whereas increase in HE has a negative effect towards lmproving
rotor  stability. Cempared to a Hewtonlan lubricant when 5

visooeslastic lubrleant is used in stabilizers It further improves
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the high speed stablllty zone with the increase ln De, though an

instabllity zone appears al the low gpeed range.

In & next step, a refined analysis is done through bobd graph
modelling whlch considers the effects of stabiilzer mass, stabkllizer
placement, "catch spring” stiffness and gyroscopte actlon of roter-
mass, coupled parallel or conical whirl and rotational damplng in
the drive-couplling. Bond graph analysls reveals that Lthe drive-
coupling parameters (le its stiffness and damping values]l, if
sultably selected, improves system-slabllity at higher speeds. On
the othor hand, with a relatively small retor gyroscopic-inertlsa, If
the stabilizers atre placed nearer to the roter disc, the system

tends fto unstable condiilon.

It iz known that flexlbility of roters has an adverse eifect on
stability at high specds of cperation. A very simple rotor system
consisting of an elastle shaft fitted with 2 disc at its midplane is
cohnsidered for theorellcal study. Analysis revenls thal, for a
viteoelaslic slabllizer, in additien ko the flve nondimonsienal
parameters obtained In the rigid retor study, rotor-flewmibility
influences the stabllity of the system through another nondimension—
al parameter Bt related ta the natural frequency of the roter ghaft.
This, for = flexible retor-bearing system, stabllity depends on six

nondimenslonal parameters, viz €, ut._ﬂt,nl,h‘q and D,

Though the linearized approach is a powerful tool for an inltiat
deslgn of the bearings a complete idea (viz effect of inltlal
transients on rotor vibratlon, actual orbital metion of the Jlournal
centre, effect of sudden unbalance ete)] 1s obbained with the help of
nonlinear analysis. The nonlinear flaid-fila forces in bearings and
stabllizers may be easily Ilncorporated in the bond graph by SE-
elements (source of effort) related to displacement, velocity and
acceleration dependent terms in the {ilm-foree expressions. The hond
graph thus gbtained iz analysed te plot the Jjouwrna! orblts showing
stable or unstable cundilien, The orbit is further investigated teo
ubserve the phenomenon of whirl threugh Fourier Transformatioen.

Fonlinear analysls reveals the efflcany of the proposed scheme
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agalnst sudden unbalance or impact leading on the rotor.

Experiments hawve beon conducted on two rotors. The =tiff rotor ha=s a
natural freguonoy of nearly 1300 Hz which is much higher than the
range of rotational speeds owver whlch the experiment hkes been
conduckted. The other rotor iz z flexibie one with its first natural
frequency at 30} Hz. Both Newtoniam and viseccelastlc lubricapts have
been used during experiment. HNewlonian lubricanis of different
wlarasitles have been prepared by mixtng of kerosene oll with the
commerclal SAE 40 crankease oil at different proportlons whereas
dilute wisceelastic lubriecants of different viscaslties have been
prepared by mixing of polyacrylamide [(molecular weight 51105} iIr the
glycerol-water mixture at different proportlons. The dynamlc =ignals
of rofor wibration are picked up through non=-touching prohes
connected Lo preximitor. A real time spectrum analy2er is uzsed to
recard the onszet of Instabllity, whlr!l frequenecy and varlation of
response abtained at differest rotor speeds. There have been three
significant speeds for a flexible rotur, wle crilical speed, onset
of instabllity =zpeed and the inclplent large whirl speed. Experlmnen-
tal observatlons show- that an increase in H1 [ﬂz s constant during
exXperiment) lmproves hlgh speed =babllity limits of the rotors with
a simultanecus decrease in vibration amplitudes. When a flexible
totor system 1s alded by a viscoelastle stablllzer, it 1s ohserved
that instability persiste almost threoughout the entlire range of
operation which ls in agreement with the thearetieal study; but
experimsntal results further shows that wviscoelastic stabllizing
samples postpone the growth of large inclpient whirl {though
instability onset has started gquite early) to very high speeds.
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