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Rotordvnamic Design and Analysis of the Rotor-Bearing
System of a 600HP Gear Driven Turbo-Compressor

A 47, A 97, A 95"

Sang-Kyu Choi’, Young Cheol Kim", Byung Soo Kweon™

ABSTRACT

A 600HP class high-speed gear driven 3-stage turbo-compressor (IGCC : Inte-
grally Geared Centrifugal Compressor) driven by a 3600 rpm AC induction motor
has been designed, of which low speed pinion runs at 35000 rpm and high speed
pinion at 50000 rpm nominally. Due to its high speed operation, the system requires
very reliable bearing selection and design as well as accurate rotordynamic analysis
and prediction of its dynamic behavior to secure the operating reliability.
Rotordaynamic analyses of the IGCC rotor-bearing system predicted that the low
speed pinion rotor mounted on 5-pad tilting pad bearings has two critical speeds
before its design speed and high speed pinion rotor only one critical speed, and
estimated critical speeds of both pinion shafts are away from the continuous
operating speed enough to satisfy the corresponding API requirement. The forced
response analysis with API specified maximum allowable unbalances also showed
that unbalance responses are small enough for smooth operation of the system.
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Fig. 1 Schematic diagram of the 600HP Turbo-compressor rotor-bearing system
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Table 2. Preliminary design specifications for
IGCC speed increaser
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Fig. 3. Labyrinth air seal geometry with design
parameters
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Table 3. Dimensions and dynamic properties of
Labyrinth air seals
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Table 4. Estimation of static bearing forces

Bearing Loading
No. Of tooth 15 15 15 force (N) |angle (deg)
Tooth p|tch(mm) 26 2.6 26 Low speed 1st Radial 1315 -159.4
" height(mm) 2 2 2 pinion 2nd Radial 1350 -155.7
" width(mm) 05 05 05 bearing Thrust 0 -
Kxx: N/m -15005.0 | ~29357.6 | -59002.4 High speed Ist Radial | 573 239
Kxy: N/m 11111.0 | 270780 | 43004.0 pinion 2nd Radial] 546 166
bearing Thrust 0 _
Cxx: Ns/m 4.63 10.60 1241 -
Cxy: Ns/m 486 | 893 | 139% Bull gear Ist Radial | 1990 | 435
bearing 2nd Radial| 1622 | -27.15
Mass flow rate (kg/sec) | 0.00254 | 0.00736 | 0.01294 Thrust 70 —
Whirl frequency ratio 0.655 0.644 0.662 (Note: Loading angle is measured from vertical
Flow condition Unchoked axis in CCW)
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Fig. 4 Cavity pressure variation in the 3rd stage
labyrinth air seal
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Fig. 5 Radial bearing stiffness and damping coe-
fficients of the low speed pinion rotor
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Fig. 6 Radial bearing stiffness and damping coe-
fficients of the high speed pinion rotor
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Fig. 7 Rotordynamic modeling of low/high
speed pininon rotor
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Fig. 8 Undamped critical speed map of low and
high speed pinion rotors
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Fig. 10.1 Critical mode shape of low speed pini-
on rotor

1t Mode of High Speed Pinion Rotor(y-dir)
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Fig. 10.2 Critical mode shape of high speed pini~
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Fig. 11.1 Unbalance response of low speed pini-
on rotor

Fig. 11.2 Unbalance response of high speed pini-
on rotor
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