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An Analytical Investigation on Vibrational Characteristics of Turbo Compressor

o]‘ O*.o]i%**.t_]}.'—\tjé***
Hyoung-Woo Lee, Dong-Hwan Lee and No-Gill Park
(1998 69 259 A4 : 19989 11¥ 6¥ AAIER)

Key Words : Helical Gear(#=2&7]0]), Force Coupling(@4 ¥ &), Transfer Matrix(Ag 343),
Turbo Compressor(El 2942 7]), Transmitted Error(A ¥ A2 2 %), Unbalance(EH 8),
Perturbation Method (4S5 ¥)

ABSTRACT

A dynamic model of turbo compressor having helical gear pairs is developed. The model
accounts for the shaft and bearing flexibilities, gyroscopic effects and the force couplings
among the transverse, torsion, and axial motions due to gearings. For the mode analysis of
turbo compressor, a transfer matrix method is used. The excitation sources caused by the
mass unbalances of the rotors and misalignment of the shafts, the transmitted errors of
the gearings, and the vane passing frequencies of the Impeller are studied qualitatively.
By introducing the perturbation method, the generated forcing frequencies are defined and
devided into three groups. With the field data, two critical speeds are analytically found
and the corresponding modal characteristics are examined.
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Table 1 Excitation source of turbo compressor
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Table 2 Disk specifications

D ot M (kg) Transverse moment Polar moment of
escnption ass \Xg of inertia (kg - m?) inertia (kg * m?)
1'st stage
(D #3) 11.318 0.029 0.036
2'nd stage
(D #1) 5.086 0.011 0.0076
3'rd stage
(D #2) 3.530 0.015 0.0039
Table 3 Helical gear specifications
. 1 st pinion 2nd pinion Bull gear
Description (G #3) (G #1) (G #2)
Pressure angle (° ) 20 20 20
Helix angle (° ) 20 20 20
Tooth width (mm) 70 70 70
Number of teeth 31 23 242
Module (mm) 2.75 2.75 2.75
s (kg-m?) 0.2067 0.169 1.1249
I, (kg -m?) 0.10618 0.0701 1.534
Mass (kg) 28 17 352
Table 4 Bearing specifications
Description B #1 B #2 B #3 B #4 B #5 B #6
Length (mm) 38.1 38.1 25.4 254 254 25.4
Speed (rpm) 38,000 | 38,000 3,600 3600 | 28000 | 28000
Bearing load (N) 2,204 2,159 2,280 3197 1,124 1,378
Film thickness( 4 ) 394 39.7 16.0 132 446 42.4
pad number 5 5 0 0 5 5
Ku(x10° N/m) 2.25 2.24 15 3.94 0.847 0.937
Kiz{ X10° N/m) 0.0835 7.17 2.05 -0.76 0.0169 0.076
Ka(x10* N/m) 0.0835 0.0717 0.57 -2.14 0.0169 0.076
Kaa( x10* N/m) 2.47 2.46 1.38 0.75 0.860 0.996
Cu(x10* N-s/m) 0414 0.412 52.8 59.1 0.214 0.233
Ci2(x10* N-s/m) 0.013 0.011 352 -288 0.004 0.016
Car( X10* N-s/m) 0.013 0.011 34.6 -28.8 0.004 0.016
Con( X 10" N-s/m) 0.447 0.448 299 189 0.238 0.254
* 1-direction : perpendicular direction of bearing load
* 2-direction : direction of bearing load
<l Fig. 4% . ¥ 7HAAFF 2000 Hze - .
Mg 4 WA AEE PEATE 000 Bl year 9n A0aES 93 (0, 0 09
i 2 d¥E 71E&E£E 2500~4000 rpmof WiE 2
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Fig. 4 Campbell diagram

Table 5 Critical speeds of turbo compressor ( @;)

] Critical speed Natural
i (rpm) frequency
( Hz )
2wy + 203 — w, 3601 4255
w, + 3w, + wy 3598 1279.0
3460 606.7
@,
3670 643.6
3460 450.1
w3
3716 483.4
* Wy = 10.522 Wy , (03=7.806 ()

( Top view )

( Side view )

( Front view )

Fig. 5 The natural mode (425.5 Hz) on critical
speed, 3601 rpm
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( Side view }

( Front view )

Fig. 6 The natural mode (1279 Hz) on critical
speed, 3598 rpm
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