Fundamental Study of Positioning Mechanism
for Superconductive Magnetic Levitation System Using Impact Drive
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Fig. 1-1 An example of vacuum pump

(Courtesy of SHIMADZU Corporation)
http://www.shimadzu.co.jp/
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Fig. 1-2 A Example of Magnetic Bearings
(Courtesy of NEOMAX Co., Ltd.)

http://www.neomax.co.jp/

Fig. 1-3 Maglev train (MLXO01-1, Linimo and Trans Rapid)
(Courtesy of Central Japan Railway Company, Aichi Rapid Transit Co., Ltd. and Transrapid International)

http://linear.jr-central.co.jp/  http://www.linimo.jp/  http://www.transrapid.de/



1.2

Table1-1

Table 1-1 Features of Noncontact Levitation System Principle
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Table 1-2 Classification in Principle of Maglev System[14]
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Fig. 1-4 Magnetic levitated transportation system in the vacuum chamber[29]
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Fig. 1-5 Model of magnetic levitated transportation vehicle[30]
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Fig.1-6 Vertical system of magnetic levitated transportation system[31]
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Fig. 1-7

Fig.1-7 Magnetic levitated transportation system using pinning effect and levitation[32]
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Fig. 1-8 Magnetic levitation hybrid type transportation system[33]
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Fig. 1-9

Permanent magnet

Fig.1-9 Ideal superconductive magnetic levitation transportation system
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Fig. 2-1
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Fig.2-1 Pinning points and superconductive positioning
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Table3-1
Table 3-1 Characteristics of magnets using in this experiment
Br mT 1,170 1,430 210 220
HcB KA/m 859 955 144 152
BHmax kJm3 223 374 80 88
g/cm3 75 76 46 4.9
N/mm2 245 29 68
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100[V]
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a
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B 24y
B/m
Table.3-2 B,/m
(d=8, 1=8) 100
(d=10,=10) 53.3
(d=10,1=10) 274 (d=15,1=8) 13.8
2
Table 3-2 Comparison with magnetic characteristics using in experiment
Bo(mT) Bo/m
d=8,1=8 3.00 485 161.9 100
d=10,1=10 5.85 505 86.3 53.3
d=10,1=10 3.61 160 44.3 27.4
(d=15,1=8) 6.50 145 22.3 138
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Fig. 3-1
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Fig. 3-1 Experiment for measurement of magnetic flux density
FW.BELL MODEL
Probe Probe 1

Probe

28

Probe



Probe

mm

Probe
Fig.3-2
Fig.3-3

Fig. 3-3 Experiment for measurement of magnetic flux density
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Fig. 3-4 Magnet flux density at X=0 (mm)
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Fig. 3-5 Magnet flux density at X=5 (mm)
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Fig. 3-6 Magnet flux density at X=10 (mm)
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Fig. 3-8 Magnet flux density at X=20 (mm)
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Fig. 3-11 Magnet flux density at X=35 (mm)
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Fig. 3-14 Magnet flux dengity at X=50 (mm)
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Fig. 3-4 Fig. 3-14
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Fig. 3-15 Method for correction of magnetic flux
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Fig. 3-17 Three dimensional geometric method for correction of magnetic flux
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X Y mm Table 3-3

Table 34
Fig. 3-18
Table 3-3 Real values by flux density

Y 0 5 10 15 20 25 30 35 40 45 50

X
0 0218] 0492 0619| 0639] 0.163] -0.627 ] -1.393 | -1.761 | -1.650 | -1.373 | -1.008
5 0476] 1031f 1440| 1396 ] 0.793| -1.000 | -2.567 | -3.102 | -2.583 | -2.119 | -1.496
10 0909 | 1817( 2737| 41261 3979 -1.734] -7851 | -7.681 [ -5.066 | -3.146 | -2.234
15 1436 | 2.849] 5.963] 133301 20.761 [ 0.032 [-27.533 |-19.789 | -9.109 | -4.459 | -2.547
20 13771 2.940] 6.915] 20.293 | 57.010 | 44.632 [-55.225 |-44.315 |-15.508 | -5.895 | -2.761
25 1877 3412| 7.887] 22.852 | 63.992 [ 45.981 [-68.674 |-48.599 |-16.460 | -6.042 | -2.813
30 1603 | 2.805] 5.753] 13.255 | 25.526 | 12.914 [-22.645 |-22.697 |-10.648 | -4.884 | -2.416
35 1254 2119] 3479| 58081 7236 | 2563 -5.372| -7.240 | -5.154 | -3.126 | -1.837
40 0972 1436f 2150| 2757 2368 0.742] -1476| -2.626 | -2.384| -1873 | -1.194
45 04761 1035f 1329] 1337] 1.063| 0.194] -0678{ -1210f -1.309| -1.031 | -0.778
50 0504| 0651f 0702] 0659] 0476] 0.079] -0.409 | -0.476 | -0.686 | -0.742 | -0.635

Table 3-4 Correction value by geometric method

Y 0) 5 10] 15 20 25 30 35 40 45 50

X
O 02003| 04461 05583| 05770| 01475] -05693| -1.2626 [ -1.5912 | -1.4883 | -1.2449 [ -0.9251
5 04317 09120 12489| 12037| 06860| -08665| 22193 [ -26741 | 22398 | -18731 [ -1.3564
10 08196 15758 22700 33158| 31749| -13854| 62643 | 61724 | 42011 | -27283 [ -20149
15 12074 24553| 47919 98834 146730 00222 [-19.45%4 |-146796 | -7.3202 | -3.8436| -23008
20 12482 25417 55173 143422 | 357770 | 26.8387 [-34.6566 |-31.3200 [-12.3735 | 50971 | -25036
25 17044 29572 63024 [ 159959 | 384808 | 258990 [-41.2958 |-34.0191 [-131533 | -5.2370 | -25548
30 14532 24251 45898 93680| 16.0187| 7.7653[-14.2112|-160414 [ 84950 | -4.2225| -21906
3K 11325( 18261 279%61[ 43085| 51144 17940( -37965| 53709 [ 4.1415| 26946 | -16593
40 08768 12455( 17831 22158| 18897| 05928| -11775( -21106| -1.9772| -16239 [ -10772
45 04317 09155( 11526] 11524| 09193| 01685]| -05865[ -1.0430| -1.134| 09120 [ -0.7052
0 04626] 05901 0633| 05949| 04317| 00721]| 03705[ 04301 | -06191| 06728 [ -05828

1961
41.3x10°3
= AP0 _ 500x10° m?
2.068x10"
1y m
20.0x 10" 1.41x 10°
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Maanetic flux dencitv(mT)

Fig. 3-18 Estimation result by geometric correction of magnetic flux
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Levitated permanent magnet
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Fig. 4-1 Proposed principle of noncontact positioning mechanism with pinning effect
Fig 4-1

Fig. 41 b
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Fig. 4-2 Impact driving experiment system
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Displacement expansion mechanism
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Fig. 4-3 Piezoel ectric actuator with displacement expansion mechanism

Fig. 4-4
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High temperature superconductor

T

Permanent magnet

.( > Laser sensor

Piezoelectric actuator

Amplifier

NF HSA4012

Laser sensor

F
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MATLAB Cobtrol
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Fig. 4-4 Signal flow and measurement system

(d=10 1=10) (d=8 1=8) Table. 4-1
Table 4-1 Magnetic flux density of 2 kinds of magnet
ferrite neodymium

distance(mm) d=10 1=10 d=8 1=8
0 124 477
5 30 100
10 10 25
15 S 10
20 3 5
(unit:mT)

42
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m3 =3.2x8.33 = 26.67

Fig. 4-6 Drawing of expansion mechanism
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Fig. 4-7 Expansion mechanism detail of “L” part
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Fig. 4-8 Expansion mechanism detail of “U” part
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Fig. 4-9 Example of acceleration wave(100V)
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Fig. 4-11 Relation between supplied voltage and measured average acceleration
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Fig. 4-14 Displacement by 1 impact (heodymium(d=8,1=8))
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Fig. 4-15
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Fig. 4-15 Supplied voltage, Displacement of superconductor and displacement of ferrite (d=10,1=10)
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4.5

Fig.3-16

Micro meter Load cell

Laser sensor
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Permanent magnet Laser sensor
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Fig. 4-16 Pinning energy measurement system
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14 14 25mm
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Fig. 4-19
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Fig. 4-19 Results of measurement of pinning force

Fig. 4-19 d 10 | 10 1
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4.58(qf) (d 8 1 9 6.14(gf) (d 10
7.16(gf) (d 15 | 8) 7.88(gf)
1
Table 4-3
Table 4-2 Relation between pinning force and mass
Ferrite Ferrite | Neodymium|Neodymium
(d10-110) (d15-18) (d8-18) (d10-110)
pinning force(gf) 4,58 7.88 6.14 7.16
mass(q) 3.77 6.79 3.00 5.85
pinning force(gf)/mass(q) 121 1.16 2.05 1.22
a=F/m
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Fig. 5-1 Magnetic flux density of el ectromagnet



Fig. 5-2
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Fig. 5-2 Movement principle of superconducting magnetism surfacing that uses electromagnet
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5.2

Fig. 5-3 Fig. 5-4
Fig. 55 Fig. 5-6
YBCO mm mm

Fig. 5-3 Experimental apparatus Fig. 54 Experimental apparatus
Fig. 5-5 6.0mmx 6.0mm 150
150 6mmx 6mm
NEC MOFe O

Fig. 5-5 Photograph of electromagnet Fig. 5-6 Photograph of actuator
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Fig. 5-6

Table 5-1

NEC

Table 5-1 Specification of actuator

AEO0505D44H40F
42.0+ 6.6
[” m] 150VDC
28.0+ 6.6
150V pc
[N] 850
[kHZ]
[b F] 34
[MQ Jmin. 5
[mm] 40

Table 5-2

Table 5-2 Specification of laser sensor

LK-030

LK-2000

30mm

+ 15mm

I+

0.1 of kS

Iy m

512U s




5.3

531

Table 5-3

Table 5-3 Comparison of permanent magnet and el ectromagnet

mT

d 8x 8mm

6X 6Mmm

150

Fig. 5-7 Photograph of levitation experimental setup
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Fig. 5-8 System chart of levitation experiment
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Fig. 5-9 Experiment result (10s)
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5.3.2

Fig. 5-11
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Fig. 5-11 System chart of one side fixation experiment

Fig. 5-12
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