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Experiment on Modal Balancing of a Flexible Rotor Supported on Fluid Film Bearings
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ABSTRACT

Experiment on the modal balancing of a flexible rotor supported on two kinds of fluid film bearings
is performed to verify the modal balancing theory. The fluid film bearings are a tilting pad bearing and
a two axial grooved journal bearing. One is inherently stable, but the other is not. The experimental
result shows that the modal balancing method is effective for balancing of a high speed flexible rotor
system. Besides, the critical speeds and mode shapes measured experimentally are in good coincidence
with the results of rotordynamic analysis. Qil whip, which is the instability phenomenon due to fluid
film force, is also observed during the experiment.
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COMPANY : KIMM Rotordynamics
PLANT ¢ 3 Rotor, L=L17cm
JOB REFERENCE: Tilting pad, LOP
MACHINE TRAIN: Modal balancing
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SR: 1.3 @ 312 360 rem
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COMPANY ¢ KIMM Rotordynamics
PLANT : 3 Rotor, L=117cm
JOB REFERENCE: 2 axial grooved
MACHINE TRAIN: Modal balancing

Machine: Ch#t 2 x1
SR: 1.43 @ 33 360 rpm
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Fig. 9 Response before and after modal balancing (2 axial grooved journal bearing)
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COMPANY : KIMM Rotordynamics PLOT No.
PLANT : 3 Rotor, L=117cm
JOB REFERENCE: 2 axial grooved
MACHINE TRAIN: Modal balancing
Machine: Ch# 2 xi
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Fig. 10 Direct response and cascade plots (2 axial grooved journal bearing)

)
Ac}"é‘

WA 5 gl

5. & =

£ d7exe F9HeR Aol T o

H = vl o8} Ax" A A} A
ol EFE 25F Aod o A" A4 3
AAE A Azsted R @A A¥E FY3a
ot H9 H= sl o xR AHA AtE
23} Re7hA] YA S EAHoE SRyt 2

HFRSTUSSHEX| A 5E A 25, 19959245



A - o 5 - A - AYTH

v} 25& Aod sz s A% FHAA <

= 1A Beuks WA £ glgled 23 B
= AL E7Fstd k. 4400 rpmell A AR B
A AR 2 o2 9ldle 4400 rpm o)A} 3
Aete 7o) Brbedld”] Wiolvh, H A <
A%t A Ao AY AL A dA39
o, viEel £ A7 n&stel AHHE FTEE
A 2% HA/AL] A% FA A A
T e ¥4 9314 JEE FUdAME T4 ¢
U715 717}

71

ok

B AT B4 2% A Balel oA A
A MR QT AFolw, WA AeeA
A=Y,

AuE

ra

(1) Vance, J. M., 1988, “Rotordynamics of Tur-
bomachinery,” John Wiley & Sons, Inc., New
York.

(2) Darlow, M. S., 1989, “Balancing of High—Speed
Machinery,” Springer-Verlag New York Inc., New
York.

(3) Parkinson, A. G., 1991, “Balancing of Rotating
Machinery,” Proc. Instn. Mech. Engrs. Vol. 205,
pp. 53~ 66.

(4) Bishop, R. E. D. and Gladwell, G. M. L., 1959,
“The Vibration and Balancing of an Unbalanced
Flexible Rotor,” J. Mechanical Eng. Science, Vol.
1, No. 1, pp. 66~77.

(5) Bishop, R. E. D. and Parkinson, A. G., 1972, “On
the Use of Balancing Mechines for Flexible
Rotors,” J. of Eng. for Industry, Trans. ASME,
Vol. 94, No. 2, pp. 561 ~576.

(6) Darlow, M. S., Smalley, A. J. and Parkins, A. G.,
1981, “Demonstration of a Unified Approach to the
Balancing of Flexible Rotors,” J. of Eng. for Indus-
try, Vol. 103, pp. 101~107.

246 /=2 ZSUSSHEX A5 A 235, 1995

(7) Gnielka, P., 1983, “Modal Balancing of Flexible
Rotors Without Test Runs:An Experimental
Investigation,” J. of Sound and Vib., Vol. 90, No. 2,
pp. 157~172.

(8) Parkinson, A. G, Darlow, M. S. and Smalley, A.
G., 1980, “A Theoretical Introduction to Develop-
ment of a Unified Approach to Flexible Rotor
Balancing,” J. of Sound and Vib., Vol. 68, No. 4,
pp. 489~506.

(9) Saito, S. and Azuma, T., 1983, “Balancing of
Flexible Rotors by the Complex Modal Method,”
J. of Vibration, Acoustics, Stress and Reliability in
Design, Vol. 105, pp. 94~100.

(10) #EA, 1986, “EAigp R E zElgk WA
el oig A" dFHREgried A EEe
A AL =

(11) Goodman, T. P., 1964, “A Least Square Method
for Computing Balance Corrections,” J. of Eng. for

Industry, Trans. ASME, Series B, Vol. 86, No. 3,
pp. 430~438.

(12) Lund, J. and Tonnesen, J., 1972, “Analysis and
Experiment on Multiplane Balancing of a Flexible
Rotor,” J. of Eng. for Industry, Trans. ASME, pp.
233~242.

(13) Tonnesen, J., 1974, “Further Experimentals on
Balancing of a High-Speed Flexible Rotor,” J. of
Eng. for Industry, pp. 431-440.

(14) Tessarzik, ]J. M., Badgley, R. H. and Anderson,
W. J., 1972, “Flexible Rotor Balancing by the
Exact Point Speed Influence Coefficient Method,”
J. of Eng. for Industry, Trans. ASME, Vol. 94, No.
1, pp. 431-440.

(15) Nicholas, J. C. and Allaire, P. E., 1976, “A
Finite Element Analysis of Tilting Pad Bearing
Coefficients Using the Pad Assembly Method,”
Report No. ME-543-123-7, University of Virginia,
ROMAC.

(16) Someya, T., 1989, “Journal-Bearing Databook,”
Springer-Verlag Berlin.

o



