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ABSTRACT

IHigh-temperature superconductor YBagCuzOr.x
with strong pinning force has allowed the
realization of stable magnelic suspension with
no control. Superconducting magnetic bearing
(WMB) using YBCO and permanent magnet,
iand SMB operation system were assembled.
f'wo SMB cooled down in a field cooling stale
iy liquid nitrogen were proved o support a
weighing 2.5kg up to 42,000rpm. A
rndial run out of the rotor was 8um or less.
I'he value can be considered for practical
ipplication. The rotating performance at high
peed has disclosed by an active control assist
i radial direction during accelerations.

rolor

INTRODUCTION

Ilipzh temperature superconductor such as bulk
 BagCug07.x (YBCO) with pinning effect[1,2]
lins created many possible applications. A
uperconducting magnetic bearing (SMB)
wlilizing strong pinning force has been able to
levitate stably heavy machinery without
wlive control systems.3,4] However in lower
rolational speed a radial run out of rotor
haft supported by SMB was large compared
o Lhat by conventional bearing. Therefore it
~in necessary that the rotating shaft is assisted
Iy means of certain method at a resonant
liequency of SMB in order to accelerate up to
Inph speed. It is considered that the SMB is
hle to support stably the rotor without any
wlditional control at high rotational speed. In
- this paper, we present a hybrid SMB
operation system (Fig. 1) and properties of

radial run out with the SMB at high speed
rotation. An rotational center poinl of rotor
supported by SMB was discussed.

EXPERIMENT

A drawing and structure of this SMDB system
are shown in [ig.2. The SMB unit was
constructed with bulk YBCO as a slator and
permanent magnet NdFFeB as a rotor. The
surface [field of ring permanent magnet
(D60XD30Xx12mm) had magnetic induction
of 0.4T. The bearing members were [ive pieces
of bulk YBCO (&J50X18mm) which were
sealed to cryostat (170mm OD, 22mm 1D,
20mm length). The cryostat was full filled by
liquid nitrogen and was provided with a
thermocouple and a heater. The rotor shaft,
weighing 2.5Kg, conlaining two permanent
magnets was supported by two SMB serving
an attractive force at upper bearing and a
repulsive force at lower one. An air cylinder
was installed under the lower end of shafl for
initial gap positioning of SMB transiting
superconductivity in a field cooling state at
7T7K. A induction motor was used Lo drive the
rotor. While radial run out of the rotor shaft
was monitored by remote sensing and radial
stilfness of SMB was assisted by control
system with an active magnetic bearing
(AMB). Touch down bearings were also
provided to prolect stator members in case of
emergency. The entire SMB assembly was
immersed in a vacuum chamber and liquid
nitrogen was supplied to SMIB cryostats {rom
an external liquid gas dewar.



408 SUPERCONDUCTOR BASED BEARINGS

FIGURE 1: Photograph of the SMB operation
system
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FIGURE 2: Drawing of the SMB operation
system

A operation procedure of this SMB system |
as follows :
(@) Positioning of rotor shafl (Axinl
Air cylinder, Radial : AMB)
) Field cooling of SMB (Flowiny;
liquid nitrogen to cryostats)
®  Releasing from axial positioning
by air cylinder
@  Driving shaft by induction molo
®  Releasing from radial assisling |
AMB (XY1or XY2)
Then rotational property of each SMB unil ul
high rotational speed was measured by mcin
ol displacement sensor.

RESULTS AND DISCUSSION

At first the rotor shaft was positioned iniLinll
with air cylinder in axial direction and will
AMB in radial direction, and each SMDB wu
cooled down in a field cooling state by liqul
nitrogen. Axial gaps were Omm at upper SMI
unit and 1.8mm at lower SMB. After
SMB transited superconductivity, the
positioning was released. Then the shall wu
supported with no wmechanical contact hy
repulsive force of lower SMB and an
attractive force of wupper SMB. 'Th
equilibrium axial gap of upper SMB unit wn
1.0mm and lower one was 0.8mm. The shalt
was driven by induction motor with additionnl
radial control of AMB. Because the run oul uf
the shaft supported by only SMB was
large, more than 200 xm, that the shall wn
not able to driven without radial control i1
the lower frequency region. It was considervil
that a radial dynamic stiffness of SMB unil
was smaller than an attractive force ol
induction motor.

The shaft was accelerated up to 42,0001
which was limited value by tensile strenglh «l
rotor magnet under centrifugal stress. Alli
one active control (XY1 or XY2) was turn ull
at 42,000rpm, rotational run out of the shall
supported by the passive SMB without contiul
was measured by means of displacemeond
sensor. Orbit diagrams of radial run out weri
shown in IFig.3. The rotational run out of (h
shaft supported by upper SMB was 8u,m un
XY2 at 40,000rpm. And that by lower SMI
was 6um on XY1. These were considered a:
property of each SMB unit. These valu
increased with an decrease in rotationnl

axid
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peed. At 20,000rpm or less, there are large
vhirling (Fig.3 (¢)(f)). When the rotor began to
vhirl, SMB was assisted by AMB in order to
lweak the rotor safely in this test. On the
lnsis of this result, it is necessary to increase
i dynamic stiffness of SMB by a mean of
ome kind in lower rotational speed ranging
inder 20,000rpm. Particularly an advent of
lrong pinning force in bulk YBCO has led
‘MB  to large spring constant but not
improved damping factor. [5,6] Therefore
ilnmping factor of SMB should be increased
with another additional damping factor.
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FIGURE 3: Orbit diagrams
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By the way, when the radial control was turn
off, a rotational center point of the rotor
departed from a control point by AMB. It was
at about 50.m away on XY2 as shown in Fig.
3(a). In the case of XY1, the action of the
shaft was similar. But rotational point on
XY1 was clearly different from that on XY2
in a direction. It seems that each SMB unit
rotates at its inherent rotational center point.
It may be decided at field cooling of SMB but
not necessarily equal to center of
configuration of rotor ring magnet. Because
flux density of ring permanent magnet is
slightly nonuniform in the circumferential
direction.
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IIGURE 4: Orbit diagrams of rotor supported by the SMB in case of (a)PM1, (b)PM2, (c)PM3,
(d)PM4
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FIGURE 5: Magnetic field fluctuation ratio of
magnet versus distance between rotational
center and field cooling center in SMB

The causes of the problems can be shown in a
comparison of another four ring magnets,
PM1,2,3,4. When the AMB(XY1) was turn off
at 30,000rpm, the shaft supported by upper
SMB having PM1 was shifted in the direction
of 290degree and touched inside face of the
inner race of upper ball bearing, hereafter
referred to simply as a touch down, as shown
in Fig. 4(a). In this test, the touch down of
the shaft can be avoid, if field cooling point of
SMB is shifted 0.lmm away {rom rotating
point with control by AMB in opposite
direction of the touch down. In the case, the
distance AX between rotational center and
field cooling center was not less than 0.2mm.
When the mounted angle of PM1 on the shaft
was shifted 180degree. The touch down
direction of the shift was opposite the results
in Fig. 4(a). Thus it was considered that this
shifting of rotating point of SMB was due to
in permanent magnet side. The results of the
same tests of another magnets, PM2,3,4 are
shown in Fig. 4(b),(c),(d). In case of PM4, the
shift of the SMB rotating center point for
field cooling and rotating point with AMB
was 0.02mm.

By the way, fluctuation of concyclic magnetic
field at seven circles over each permanent
magnet were measured. These value were
calculated to ratio of fluctuation value
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AB/Bmax. AB means a value subtraclidl
Bmin. from Bmax. An average value of scvil
fluctuation values (AB/Bmax) of PM1 wu
7.3%. That value of PM4 was 1.7%. PM4 |l
a very low fluctuation ratio. Each avernj
value of AB/Bmax. in PM1,2,3,4 can as showi
in Fig. 5. It is clear that the value of AX |
decreased with the value of AB/Bmax.

CONCLUSIONS

A superconducting magnetic bearing (SMI}) «l

bulk YBagCugO7.x having strong

force was assembled. Properties of rotalionn
run out on the SMB at high speed rolaliu
were measured in SMB operation system.

(1) This SMB operation system wu
composed of basic function, i.e. initin
posilioning device, remote sensing
rotor, electro magnets for addilivng
damping assistance of SMB stilln
liquid nitrogen filling controller winl
vacuum chamber.

(2) Two SMB units in the system supportul
a rotating shaft weighing 2.5Kg will
mechanical contact.

(3) The SMB has achieved a rotalioin
speed exceeding 42,000rpm and a radin
run out of 8ym or less.
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