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Low Power High Speed Rotor (200 000 rpm) with HTSC Bearings

V. V. Nemoshkalenko and B. G. Nikitin
Institute of Metal Physics, 252680 Kiev, Ukraine

Abstract

A self-stabilized magnetic rotor running on bearings of the high temperature superconductor (HTSC) YBayCu3zO;_;s with
a rotational speed of about 79 000 rpm in air and of about 200000 rpm in vacuum of 107> torr at a power consumption of
about 3.1 mW is described. The energy losses due to the interaction of the magnetic rotor with air at various pressures,
with a superconductor and with an amorphous soft ferromagnetic powder have been studied. Some physical parameters
determining magnetic rotor-medium interaction were obtained as well.

1 Introduction

It is known, that a permanent magnet can levitate above
a high temperature superconductor in a stable configura-
tion [1,2].

Theoretical models for describing the levitation forces
have been given in refs. {1,3]. In ref. [4], the dynamics
of a permanent magnet levitating above a high temperature
superconductor was investigated and the ranges of both the
hysteretic and quasi-elastic losses were determined. The
results presented in [3,4] are of particular interest, as they
can be used for constructing a magnetic rotor running with
high speed on superconducting bearings virtually without
magnetic friction.

Besides its application in constructing gyroscopes, sen-
sitive vibration sensors and natural-damping accelerome-
ters, the magnetic rotor can be used in various branches
of experimental physics, for example for measuring the
magnetic friction in both the quasi-elastic and hysteretic
ranges [5], for investigating magnetic flux creep [4], or for
determining the viscosity of gases and liquids at cryogenic
temperatures.

‘When compared with the traditional constructions [6,7],
the rotor considered here has a number of advantages due
to its rotation self-stabilization, rapid damping of nutation
oscillations when driven and the low energy requirements
of the suspension system.

2 Description of the magnetic rotor

Fig. 1 shows a schematic of the high-speed magnetic ro-
tor with superconducting bearings. The magnetic ro-
tor consists of two Sm-Co magnet disks (M; and M,)
with a thickness of 2 mm and a diameter of 4 mm.
The magnetic moments are directed along the z-axis
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Fig. 1. Schematic drawing of the high-speed magnetic rotor with
superconducting bearings. M, Mz, Ms: Sm-Co magnets (di-
rection of moment shown by arrows), 1: plastic tube, 2: YBa,-
Cu307_s high temperature superconductor, 3: driving coils, 4:
detection coils. For clarity, the outer cylinder is not shown. In-
sert: Schematic drawing of the liquid nitrogen cooling (8) of the
high temperature superconductor.

pointing in opposite directions for mirror symmetry. The
magnets M, and M, are used to suspend the rotor in cylindri-
cal superconducting YBa;Cu3z07_s bearings (2) with inner
and outer diameters of 10 mm and 26 mm and a width of
9 mm. The magnet M; is used for driving the magnetic
rotor and for determining its rotational speed. The rotor is
running inside a thin stationary cylinder with 10 mm inner
diameter; this outer cylinder is not shown in Fig. 1.

Fig. 2 shows an z-y section of the device for driv-
ing the rotor around its symmetry axis z. There are two
identical driving coils (3) with 500 turns each, connected
in series, and two coils (4) to record the rotor speed v.
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Fig. 2. Schematic diagram of the drive unit for the magnetic
rotor. Ms: Sm-Co magnet, 3: driving coils, 4: detection coils,
5: audio-signal generator, 6: oscilloscope, 7: amplifier.

To determine the power consumption P of the rotor,
the phase difference o between the driving field H —
Hjy cos(2mut) generated by the coils (3) and the signal in-
duced in coils (4) was measured (see Fig. 2). The amplitude
H, was determined by a Hall sensor through which a con-
stant current was passed which had the same amplitude as
the variable current through coils (3). The power consump-
tion was calculated through

27
P= 1// IM X ﬁ[ dp = mvMHp|cosa| (1)
]

where M is the magnetic moment of M3, ¢ is the angle
between M and the z-axis, v is the rotation frequency and
the phase angle « can depend on v. The estimated error of
P amounts to about 10% at P = 1 mW.

The best magnetic rotors used in this work with small
misorientations (=~ 0.3°) between the magnetic moments
M, and M, and the free rotor axis of inertia will be called
“perfect” below. Rotors made especially with misorienta-
tions of & 3° will be called “imperfect”. In this paper, we
-present only results on “perfect” rotors.

3 Analysis of energy loss due to rotor-medium inter-
action

Fig. 3 shows the experimental dependence of the power
P consumed by the “perfect” rotor on the square of the
rotation frequency »? in a vacuum of 1072 and 10~ torr
and in air of ambient pressure (curves 1, 2, and 3) for the
system described above. As follows from theory [8], the
quadratic dependence of P on v allows us to conclude that
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Fig. 3. The power consumption P of the rotor vs square of the
rotation frequency »? in vacuum of 1072 torr (1), 107! tomr (2),
and in air (3).

the rotation of the magnetic rotor in vacuum is accompanied
by viscous friction within the whole frequency range under
consideration (curves 1, 2 in Fig. 3). In air, a quadratic de-
pendence is observed up to v < v = 3.3 x 10* rpm, but at
v > 1y, the power consumption increases more rapidly with
P ~ 123 which testifies to the appearance of turbulence [9].
On the basis of the experimental data (Fig. 3) within
the frequency ranges where P ~ v? (laminar flow regime)
for a cylinder rotating inside a fixed one, the values of the
viscosity n in various media were determined according
to [8]
n= _1___ . £ X R2ea:t - Rznt (2)
1672 2 |- . R:, R?

ext nt

where | = 2 cm is the length of the cylinders, R;n: =
0.2 cm and Rer: = 0.5 cm are the radii of the inner
(rotor) and the external cylinder, respectively. The val-
ues for the viscosity of air at reduced pressure were ob-
tained as follows n(10~! torr) = 1.8 x 10~* g/scm and
n(10~2torr) = 1.6 x 107* g/scm. These values agree
with published values [10] of the viscosity. This confirms
that other contributions towards losses, including vortex
depinning, are negligible.

Thus, from the experimental data (Fig. 3) we can con-
clude that there is no essential vortex depinning at rotation
of the “perfect” rotor, i.e. the very small power consump-
tion takes place owing to magnetic losses of the quasi-elastic
type [4,5]. This opens the possibility to achieve 200000
rpm already in a vacuum of 102 torr at a power consump-
tion of about 3 mW. A further increase of the rotational
speed was not carried out in the present work for lack of
a generator with smooth frequency change within a single
interval from 0 Hz to above 3000 Hz.

The energy loss due to the interaction of the magnetic
rotor with an amorphous soft magnetic powder (FC 139,
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powder size 1.3um, resistivity about 10~% Qcm) was also
determined in this work. A contribution to the losses due to
the hysteresis and magnetic viscosity is also discussed. For
this purpose, two cylinders of 6 mm in diameter and 18 mm
inlength, made from the FC 139-type material, were placed
inside the driving coils (3) at a distance of 4 mm from the
rotor axis. Then the decrease of the rotation frequency v
was determined as a function of time after switching off the
driving field.

Taking into account a linear dependence v(t) = vy —at,
the hysteresis losses W were estimated according to the
relation a = W/(2xI), where I = im RZ,, is the mo-
ment of inertia of the rotor, and m and R;,.: are its
mass and radius. The -factor of the system was de-
termined as Q = 27Wy/W = 4731 v*/W, where W,
is the rotation energy of the rotor at the frequency of
v = 2000 Hz. According to the estimates obtained, we
have W = 1.76 x 1073 J, which is in agreement with the
result of ref. [11], Q = 4.5 x 10%.
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