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Design and Evaluation of Magnetic Bearings for 300-HP-Class Turbo
Compressor
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ABSTRACT

Recently, the international community is making steady efforts to reduce energy consumption to counter climate change and
reduce CO, emissions. In view of this trend, there is a high interest in oil-free turbo compressors that are highly efficient in
replacing conventional screw compressors and do not generate waste oil in the compressor field. In accordance with this trend,
in the field of compressors, there is a high interest in oil-free turbo compressors which can replace existing screw compressors,
have high efficiency and do not generate waste oil. In the case of an oil-free turbo compressor, magnetic bearings tend to be
applied in a large amount, which has a high rotational stability at high speed and a load capacity capable of coping with a
large axial thrust. In this study, magnetic bearings were designed to apply to a compressor of 300-HP and 50,000 rpm, and
a rotor in the compressor were designed by direct drive method by applying a permanent magnet synchronous motor. After
fabricating a 300-HP compressor with magnetic bearings, the motoring test under the no-load condition without impellers was
performed up to 51,000 rpm to evaluate the structural stability against the centrifugal force of the rotating shaft. In addition,
the rotational stability was evaluated by motoring test up to 50,000 rpm under the load condition with impellers. Based on
the experimental results, it is presented that the hybrid magnetic bearings are suitable oil-free bearings capable of stably
supporting turbo compressors.
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Fig. 2 Configuration and magnetic flux paths of thrust magnetic
bearing
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Pisforcene Shaft P Table 2 Design parameters for radial magnetic bearing
Permanejnt magnet ! i i Item Value
E Load capacity [N] -200~200
: T, [mm] 10
) A, [mn] 260
/ I g, [mm] 0.4
Coil i N, [turn] 100
Fig. 3 Configuration of radial magnetic bearing Input voltage [V] 150
Current range [Al -10~10
Table 1 Design parameters for thrust magnetic bearing Current gain, K, [N/A] 5
Ttem Value Position gain, K., [N/m] -3.34x10°
Load capacity [N] ~2000~2,000 Permanent Magnet NdFeB (N40SH)
1, [mm] 10
P 2950 Table 3 Design parameters for rotor
gy [mm] 06 Item Value
g, [mm] 15 Length of rotor [mml] 525
N, fourn] 100 Outer diameter [mml] 70.2
Length of magnet [mml] 885
Input voltage [V] 190 Outer diameter of magnet [mml] 64
Current range (Al ~10~10 Material of shaft stud SUS34
Current gain, K [N/Al 230 Material of sleeve Inconel718
Position gain, K, [N/m] -857x10" Material of impellers Ti-6Al-4V
Permanent magnet NdFeB (N40SH) Mass of rotor [kg] 13.0
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Fig. 4 Predicted damped natural frequency map
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Fig. 5 Manufactured components (a) radial magnetic bearings, (b)
thrust magnetic bearing, (¢) rotor with impellers, (d) assembled
turbo compressor

Fig. 6 Experimental setup for no-load test (a) shaft without
impellers, (b) (d) assembled turbo compressor without impellers
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Fig. 7 Waterfall plots of vibrations in turbo compressor up to
51,000 rom under no-load condition
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