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Levitation and control of small ferromagnetic materials by the combined use of a pair of HTS
superconducting bulk magnets and an electromagnet

Akira NINOMIYA *', Yoshihisa URIU **

ABSTRACT : We found out that a pair of trapped magnetic field of high temperature superconducting

bulk magnets is capable of floating the iron block in its space. And also, the gap space between the two

HTS bulk magnets is very important to levitate the iron object. That is to say, if it tries to levitate smaller

iron object in a constant gap space, the object will be attracted one side of HTS bulk magnet. Then, we

conducted the improvement of this method to be able to levitate smaller iron object in a constant gap space.

As a result, it was found that when an electromagnet, which uses the HTS bulk magnet magnetization,
utilizes together with the trapped magnetic field of HTS bulk magnets, it is possible to levitate smaller iron

object in constant gap space. And also the superimposed magnetic field, which composed of electromagnet

and HTS bulk magnet, can create the constant magnetic field in the gap. By using this field, we found that

magnetic particles such as iron sand can move in larger gap space.
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Table.l Specification of HTS bulk and Helmholtz type
clectromagnet

HTS Bulk magnet Helmholtz type electromagnet
Gap length: 0 — 37 mm

Rating : 100V/10A
Magnetic field rate at center
position : 35 mT/A (@ 23
mmGap

Size: 66 mmgp * 20 mm
height

RE-QMG HTS Bulk Magnet
(Nippon Steel Corporation)

Fig. ~ Schematic illustration of magnetization method of

HTS bulk magnet.
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Fig.2  Floating view of soft iron cylinder with 20 mm
diameter and 15 mm height, 20 mm@ X 15 mmH,
where the height of the cylinder is perpendicular to
the plane”.

Gap
Zh afionn o &
T im h3 halll T
hl~h4:Hall sensors

Fig.3  Schematic illustration for the measurement system of

magnetic flux density.
No.11
ﬂ Bulk Center: _.S’VNn
4 4
: O 2,0
Fig4  Twenty-first Hall elements on the cooling case

(h1.h4); sensor number is assigned from right to left
with 3 mm clearance, and the position of No.1l
sensor is the central position of the HTS bulk
magnet. Measuring magnetic field component is
z-direction.
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Fig.5  Axial direction magnetic field characteristics, Bz , located at
the HTS bulk magnet around:; where the size of iron
cylinder is 10 mme X 10 mmH. (a). Affected region
of iron cylinder; where mark (@) shows floating
position.

(b). Unaffected region of iron cylinder.
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Fig.6  Transient Bz characteristics nearby the HTS bulk
magnet at the time of 10 mm@ X 10 mmH iron
cylinder insertion. (a). Magnetic field increasing
region. (b). Region back to the original magnetic

field. (c). Small change region of the magnetic field.
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Br and Bz characteristics nearby the HTS bulk
magnet superimposed on the external magnetic field,
Bex , with and without iron sphere of the 6 mm @.
(a). Br characteristics; where mark (@) shows floating
position. (b). Bz characteristics. (¢). Explanation of the
sign of Br and Bz components between experiment
and calculation. (d). Calculation results of the
magnetic field, where the mark (O) shows the
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respectively. The trapped field is calculated assuming
a distributed current over the HTS bulk magnet. On
the other hand, the shield current is one turn ring
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current loop is clockwise direction. The z-position
from the HTS bulk surface is 0.2, which means
nearby the HTS bulk.
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Fig.9  Br characteristics around the HTS bulk at the time of
the electromagnet excitation current (Imag) increasing,
where floating iron size is 10 mmeg X 10 mmH and
the current for the trapped field of HTS bulk is 3 A,
that is the value of 90 mT at gap center. (a). Br
characteristics on the radial position of the HTS bulk
magnet. (b). Imag is 3A. (¢). Imag is 3.3 A.
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Fig.10 Bz characteristics on the central axis between a
pair of HTS bulk magnet when an external
magnetic field, Bex, is changing.
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Fig.11  Floating characteristics of 5 mme * 5 mmH iron
cylinder, where firstly floating object is attached on
the left-hand-side HTS bulk magnet and when the
electromagnet is excited more than trapped
magnetic field, Bex is 175 mT, iron object start to
landing and moving to the central position;
( I ):initial state, (I ): iron cylinder insertion,
(IT): Bex increases from 0 to 175 mT, (IV): Bex
increases from 175 to 200 mT, and (V). Bex
decreases zero and iron cylinder removed. (a).
Magnetic field characteristics of “hl1™ hole sensors
attached on the left hand side of HTS Bulk cooling
case. (b). Bex is 0 mT. (c). Bex is 180 mT. (d). Bex is
200 mT.
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field through the use of iron disk (10 mme > 3 mmH).
(a). Initial condition (HTS 100 mT + Bex 128 mT). (b).
Iron disk insertion. (¢). Iron disk removal and Bex is 0
mT.
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