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Abstract — This paper presents a rotordynamic analysis of the reduction gear system applied to the 250 kW super
critical CO, cycle. The reduction gear system consists of an input shaft, intermediate shaft, and output shaft.
Because of the high rotating speed of the input shaft, we install tilting pad bearings, rolloer bearings support the
intermediate and output shafts. To predict the tilting pad bearing performance, we calculate the applied loads to
the tilting pad bearings by considering the reaction forces from the gear. In the rotordynamic analysis, gear mesh
stiffness results in a coupling effect between the lateral and torsional vibrations. The predicted Campbell diagram
shows that there is not a critical speed lower than the rated speed of 30,000 rpm of the input shaft. The predicted
modes on the critical speeds are the combined bending modes of the intermediate and output shaft, and the lateral
vibrations dominate when compared to the torsional vibrations. The damped natural frequency does not strongly
depend on the rotating speeds, owing to the relatively low rotating speed of the intermediate and output shaft
and constant stiffness of the roller bearing. In addition, the logarithmic decrements of all the modes are positive;

therefore all modes are stable.
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Nomenclature

: Distance between gear to bearing 2 (mm)
: Gear reaction force (N)

: Gyroscopic matrix

: Global stiffness matrix

: Tangential gear mesh stiffness (N/m)

: Axial gear mesh stiffness (N/m)

: Distance between bearing (mm)

: Global mass matrix

: Moment (Nm)

SETETIAS TS

= o] &), rotordynamic(3] 1A &

o), gear(7]°1)

T : Transmitted torque via gear (Nm)

N~

: Transformation matrix

T, : Transformation matrix

: Pitch circle radius (mm)

: Bearing reaction force (N)
: Global displacement vector

: Pressure angle (deg.)

= QO X

: Helix angle (deg.)
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Fig. 1. Power train for 250 kW sCO, cycle.
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Fig. 2. Reduction gear system layout.
Table 1. Helical gear parameters
Properties Unit Valule
Transmitted power kW 250
Helix angle deg 12.5
Pressure angle deg 20
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Fig. 3. Reaction force from the gear.
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Table 2. Tilting pad bearing parameters

Properties Unit Valule
Shaft diameter mm 37
Bearing pad number ea 5
Bearing clearance mm 0.07
Preload factor - 0.4

N
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Fig. 5. Coordinate system for the gear reaction force.
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Fig. 6. Stiffness & damping coefficients.
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