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A Basic Experiment on Two-Dimensional Force of
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Abstract : High temperature superconducting (HTSC) bulk can levitate stably on a track which
consists of permanent magnets of the same polarity. This is because HTSC-bulk has a pinning force
which keeps from vertical displacement due to the weight. We have proposed a new LSM theory
which is based on an idea of considering the pinning force as synchronizing force in using armature
travelling-magnetic-field instead of permanent magnets. However, the lift force enough to levitate
the vehicle on the ground has not been produced, so that basic experiments to verify the theory have
succeeded on the water by the help of simple HTSC-bulk ships. We had to study on a sufficiently
large lift-force exerted between pinned HTSC-bulk and travelling-magnetic-field. This paper presents
a basic experiment on two-dimensional force produced in HTSC-bulk in DC magnetic-field and that
two different modes of repulsion and attraction are caused dependently on relative strength between

pinning and external magnetic fields.

Especially, two-dimensional force in repulsive mode is found to
have stable region limited by peak values of levitation force.

The largest levitation force among the

peak velues obtained in the experiments is 20 newtons which is five times heavier than a weight of the

HTSC-bulk magnet.
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Electromagnet

(a) Front view (b) Side view

Fig. 1 Schematic diagram of electromagnet and xyz-
coordinate system
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Fig. 2 Flux density distribution within gap of Electro-
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Fig. 3 z-directed magnetic force measurement in DC
magnetic-field
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(a) Experimental results for Be,=0.1, 0.2, 0.3T
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(b) Experimental results for Bex=0.4, 0.5, 0.6T

Fig. 4 z-dependence of the z-directed magnetic force
under the condition (Bez):=0.5T
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Fig. 6 y-directed magnetic force measurement in DC
magnetic-field
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Fig. 7 y-dependence of the y-directed magnetic force
under the condition (Be:);=0.5T
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Fig. 8 y-dependence of the y-directed magnetic force
under the condition (Bez):=0.2T, Be:=0.15, 0.20,
0.25T

ZOMEBWT, Ba>(Be)i TlE Ba VK& 25
L, HTSC NV 7 QBRI T % W5 |1 O K EL /N
X BB EDERTE S, LrLass, Thllhie
BRI T 2 KFENOBRKREIZIEAL Tn5b,

ZDE I, Bex>(Bex): DEHFTTIE y DEICE -

T, BB & KFES MBI L 72, Ber<(Bex): DEH & F
&mIﬂSCAw7®ﬁtuﬁuﬁ%WﬁT?é.Oi
D, y>0Tid HTSC Vv 7 A O HE L BREAR O K
FHHV ESIHTELEL, y<0T bi HTSC s vz
Wi oo B E & BREAROWE | £ 380 &5 R CE LY
%, ULdd, HTSC SV 7 BEE D EAIE D 52461 L T
b, HTSC V2 A L Bl & Officiz HTSC /v
WA EFEIIBECEEL &S LT ABRABMEL 120,
y FECBELC, ZECFELETS, 2O HETSC V2 %
FRAEBICHEE L & 5 &3 5 BRI HME) < LE L AE
% Fig. 9 I BW T TRLTWS, ZOLREF LA
B Bee WAE 25 1Z 8OO b AL o
T3 EenH 5,

Fig. 10 1Z Fig. 9(a) D (Bez):=0.2T, Bex=0.3T DO%;
BB B HTSC NV 7 O EALE A /i, RU'B &%
BRELIEbDTH 5.

2.3.3 ZLLEEBETO F. DBAIE

B & 352, v AN L Tid HTSC 23V 7 i %
FHFLETE 2BRAIBESONSE D, Ba<(Beu): &
Bez>(Ber): & TlE HTSC 23V 2 B 2 8 < BRI Ot
BNERE 5 25Tz, RIC y=0TOD F, DHIE & [F
KT (Ber)i=0.2T OFMHAETTE Y IED 2TV, Ba=0.1
T B 3 EAE (y=—114mm), Be=0.15T 1B
1% EE (y=—118mm), KU Be=03T 281 %51

Q0 Bl PENES Py I E
-400 -300-200-100 0 100 200 300 400
y (mm)

(@) Bex=0.3T

_205....%.” b E
-400 -300-200-100 0 100 200 300 400
y (mm)

(b) Bex=0.4T

-2 —— corod oo
-400 300 200 100 0 100 200 300 400
y (mm)

(C) Bez:0.5T

100 200 300 400

2 i
-400-300-200-100 O
y (mm)

(d) Bex=0.6T

Fig. 9 y-dependence of the y-directed magnetic force
under the condition (Ber):=0.2T

FA7iE (y=127mm) TO F; Z#lE L7,
HEHRTH S,

ZOEEY, Ber<(Bez): DEMET T, HTSC 73V 2
WA B BRGA RIS T 2G| 1B &, Bex B/NE
X BIFE, WBIHOREL BoTWwE0ONHL, i,

Fig. 11132 D



EFRER N 31 2 BIREEL OV 7 ORI ERERER

- 123 —

Magnetic y
Repulsion

7

é . —

7 N

’ g

7 Gravity g

Z

/ X
7 —>
’

7

% <

2 . &

’ Magnetic §

7 5

" Attraction 3

7

)

@ Gravity

Fig. 10 Bulk’s position along the y-axis under the condi-
tion (Bex)z‘:o.zT, BeIZO.ST

— T T T T T

b [Fo-- B,=0.10T|
|- %—B,,=0.15T|
[ |—— B,,=0.30T|

F (N)

0 4 8 12 16
z (mm)

Fig. 11 z-dependence of the z-directed magnetic force

under the condition (Bez):=0.2T
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Table 11 Ber<(Ber): & Bex>(Bex): DEHFETD

Table 1 Stability characteristics of HTSC bulk in DC
magnetic-field

Conditions

Items Bex < (Bex)i Bex > (Bex)i
F. . Repulsion force (y>0)
along the y_yaxis (z=0) Attraction force Attraction force (y<0)
F, Attiiction force Repulsion force

at levitation point (Restoring force)

(%)
Levitation Region

0 <Ymin<Y < Vmax
Vmax <Y < Ymin< 0
Unstable Stable

Levitation Stability | |Stable for y-direction Stable for y-direction
Unstable for z-direction| || Stable for z-direction

'ymax<y < Ymin< 0

(%) Ymin and Y, are minimum and maximum positions of positive
y within stable-state region, respectively.
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