FTHEHIOEC SMAAHSA

MEYS! OlEN. 518
51 A M2NS

20004% HIEME - H2BHE| 42048 =2
=
s BT 2=

72 JTAALTIS

Rotordynamic Performance of High-T. Superconductor Bearings
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Abstract — The dynamic properties of the high-T,
superconductor journal bearings used in the KEPRI
flywheel energy storage system was experimentally
estimated by using the imbalance excitation method.
The test reveals that the superconductor bearings
have very low stiffness compared to that of typical
oil film bearings with similar geometry and almost
the same amount of damping as in roller bearings,
which may not be helpful for the system to pass
through the critical speeds. However, it was found
out that the cross-coupled stiffness and damping
terms were almost negligible so that the system
could be more stable than the one using oil film
bearings. Also, with proper design of the
rotor-bearing system and accurate balancing of the
rotor, the high-T. superconductor bearing is one of
the most viable alternatives to the conventional ones
due to its oil-free, non-contact running capability in a
vacuum environment, which is literally essential for

highly efficient flywheel energy storage systems.
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Fig. 1. Superconductor bearing test rig layout.
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Fig. 3. Flexible mode FRF
measurement of the rotor.

Table 1. Mass configurations of the test shaft.

M(kg) | L(kgm”) | Likgm® |M(kg)
axle 11.052 | 0.0043096 | 0.334115 | 10.92
+1 disk | 17.785 | 0.0408096 | 0.352715 | 17.62
+2 disks | 24.518 | 0.0773096 | 0.374615 | 24.33
+3 disks | 31.251 | 0.1138096 | 0.402495 | 31.03
Table 2. 1st bending natural frequency of
the rotor at free-free.
Hz pm
HEE R % 4175 25050
Frra e 1] R aba 357.5 21450
W-rpA R 27 KA 340 20400
Fopzek 37 Hoaba| 3325 19950
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Table 3. Bearing ID simulation results.
(a) Bearing #1

#1 BRG
Rpm
K-\t\' Ky)‘ Cxx C.\'y
500 | 149999.2 | 179999.0 | 1007 | 199.8
1400 | 1500027 | 1800022 | 999 | 2001
1600 | 150007.4 | 180007.7 | 100.0 | 1999
2000 | 1500046 | 179986.1 | 100.1 | 199.9
9000 | 149974.9 | 180036.3 | 986 | 201.3
Ak | 1500000 | 180000.0 | 100.0 | 2000
(b) Bearing #2
#2 BRG
Rpm
K Kyy Cxx Cu
500 | 1599958 | 1200014 | 1515 | 299.8
1400 | 160012.0 | 119990.7 | 149.8 | 300.0
1600 | 1599889 | 1200395 | 150.0 | 300.1
2000 | 1600026 | 119960.2 | 150.0 | 299.6
9000 | 159934.1 | 120193.7 | 1474 | 3037
e | 160000.0 | 1200000 { 1500 | 300.0
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