BATANCING OF FLIKIBLE RCTORS

at supercritical

sneeds are mosdt

AT Ny ! am e T : ,‘ J . Loy o
commonly used rnov-o~days in sgteam and gas

engines, pwang,

resgors and powey Trang

of helicopters. I they overate below the first flexural

manner by inserting
alculated correction masses in any Ltwo conveniently sclec—

ted bhalancing planes.

Dotors of the type mentioned above, however,

operate mogtly beyond first I ‘al critical speed. Such

rotores are celled "flexible™ rotors. Two-plane

ig not gufficient to balance these flexible rotors and

multiplane beleancing is mandatory.

Pregently there are four commonly uced methods

of balencing flexible voltors. They are

1) lodal Balancing Method,

2) Comprehengive Modal Belancing et

3} Influence Coefficient liethod and

ICLNg npp roach,

nvolve the use of trial mass
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Lancing plones to determine the
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senglitivity of the rotor and may nced gome skill and
exnerience in their use. Ingzertion of trial masses in-
volves a large number of runs and hence increases the

total time needed for nalancinag.

It hag, therefore, become necesgary either To

verfect these methodg or to evolve a new method which

In the first phase, the worl is concentrated on
the develonment of a sound enalytical basgis for the dyna~-
mics of flexible rotors. DLifferential equationg governing
the resvonse of flexible rotors are derived using

Hamilton's principle. Iiost of these cquations are com-

pared with thosge already aveilable in the literature and

a3

thus the validity of the snalytical basis ig first esto-

blighed, Analysis ig then cxtended to include effects of
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are of importance for the super-

tical rotora.

n the second phase, the work is focussed on the

development of a new method of balancing of flexible

rotors, nemed as "Collomode® method, by using Collocation
technicue. The governing ecuation of rotor response is

solved to yield the unbalance eccentricities alb gelected

plancs on the rotor. The correction magses and their



eg are then computed with the heln ol the compu-

]
il

ter nrogram COBAL developed for thig method. Input to

thig program is the vibration of rotor due to inherent

unbslonce collected at the measuri 15 nlancs.

Phig collomode method ig analytically verified
by congidering a gimple rotor model wilth trisngular
chaped unbalonce eccentricity di ibution. UYypically
residual vibration level nredicted by This method is
C.06 M compared to 11L.C0Mm ag per Hodal Balencing

o

method, . 7.37TMAm as ner PFedern's Comprehengive Modal

lancing method and C.54 Mm as ner Influence Coefficient

In the third phase, a second method, named
"Tultimode! method ig developed and a computer program
HODAL i preparced. Thig method congsicts of cxpressing

the vibration amplitudes in terms of knovm approximating

functions corresponding to the modes of an Videal®™ wrotor

supported on "ideal® bearings. It ig theoretically veri-
fied and comparced with all the conventional existing

methods and Collomode mebthod., The Table of comparision
ghows that this I'tltimode method is superior to all the
exigting methods.,

In the fourth nhoge, the Multimode methed is

refined and adaepted to gsuit the reguirements of practical



{lexible rotors. A commlebte {low chart of

Tloxible rotvors is develonced for this method. Fajor advan~
L3

tagcs of thig procticel hultimode method are

* It eliminotces the use of trial magges and trial runs
and hence rminimiznes bthe mumher of gtarts and stopo,
in contragt to the Influence Coefficient licthod
which requires a large number of trial runs.

& Tt rewuires only aporoximating funcltlong sirmlatin
the mode shapes, in contrast to the (unknown) exact
rodes required by the lodal Balencing liethod. The

croct modes sre very difficult to obtain accurately
in practice.

d It docg not asgsume that the response ncar any Ccriti-

in the
to bolonce o teot rotor in the Laboratory. " The results o
the test are encouraging and indicate that this method has

creot potential as a practical method of balenc o flexible

rotors, both for large-volume shop-iloor balancing and

low~volume or single-rotor balaoncing.



