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Z}7] H-AF(magnetic levitation) W % AX= Al 714§, F A=A H (suspension), 7Fo]= (guidance)
2 ZFZ2<H (propulsion)S AFss AF A5 of@o]E(arrays of vehicle magnets)S AFE3TE. A7) =
MEL AT AME EE & AF REdA FAEFdE A XA (superconducting) AHEY S glom,
71 A Eo]l HE 7 wd(laminated steel rail)oll tis] Ao)7bs3k 21 (attractive force)S AT &
JEE st Ad#E Ao TZUES 7HA T Uk, A7) Ao ZUEL2, Ao ZLEANA dAT A= 22k (power
issipation) §lo] StAZ #HS o|FEE, IFAET HLE AlolY F(gap) & -3, o=
3 AFE FAS R ™A AES 2] A S
Aggtt, AxIA Ao ZLELS M ofolEoM LT A (offset)d A Eo] 23
(lateral damping)E A& < . A
2 F2E dorr] g8 A A EA o8 A" Aol s vhdele ARFE o7 (excite) €
5 w2l F(wavelength)d BA &£FE0]
A AEZ AN FVE 2HsY. AHS A5 Y3
5 a7 (end effects)E <slatr] $1gk to] AL-g-¥},
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559574 W3]

AT 1

7ol =4o](guideway) 9}, =FFE(vehicle)™, A% 3}e] Aol ZU(control coil) L Al 1 Aol A|~H
(first control system)< ¥3Fal= 27] 23X Al 2~ (magnetic suspension system) S ZA],

A7) 7rel=dol= Y = B 9] (one or more) FAIA dlAE(ferromagnetic rails)S XE8Hslal, }2}7]
BAAAA HLE T Holx Uyt A8 F7] REE #AE(windings for a linear synchronous motor)< %-
7V R

A7) AL sy e B4 o] A of#llo]E(arrays of magnets)S XESFStal, A7) A4 ofdlolE F Z o
= 37l (1)AE e slol=4glo] B (rail)el el A7) <13 (magnetic attraction forces)< X7
I, (ii)A7)] xFekol dis) =w3ak 2 del(lateral restoring forces)S Z#|atx, (iii)sh} == B4 9
A5 (windings) ol A o] HFoll whg-atel, Aolake] 3 (longitudinal forces)S Z sl ;

A7] Aolr st Alo] U2, V] sy e B4 9] &AM ofyels W Ay] sk e ES4 e A
dA dYE Atole] 4 H(gap)S HAAI717] S8 A E Edo AAE glo;

A7) A1 A Al AR 7] Aol shte] Al S Alejsty] AR

ol 1.

>

A1 el 1ol A,

29 (svay) 2 2 (vanBE 5] A8l SYF 2T A (lateral offset) WA WA Hojx & 4o
ANEE $hR EPSHE A7) A2AA A2,
379 5

Al 1 #el lolA,

(heave), B (roll), 2819, 2 29 AES F4a7] A%, 471 A% ol WAH sh} L= B4 A

]%(dev1ces) Bz 23l 2] AAHAd Al 2E,

&p

2T% 6
1 &l 3lofA,

N

17 ]E_ﬂ,(cogglng forces)—% ‘?—,_}*3’8}1] (381'9_‘3&/‘1, ﬁ_ﬁiE ?}ﬂ(thrust fOI'CGS)’% ]‘j——_}}\gé}ﬂ ‘?4?_]_' ﬁﬁé %7] E’—H%
bR TFdhs A7) Az A2E,

AT 7

Al | 2AoiA

7] Zrel=dloldl tial A7) A=l fIXE AAsr] 93 91X A A]~¥l(position sensing system)S F-7}
2 XF3E A7) A=A Al 2=H



Al 1 #ell SlolA,

471 A ofglel=, @ &I end effects)ot IS HA2AZIAE, A7Ish AAE ZEe &F A4 E(end
magnets)S F7t2 E3EE A7) Al A AE,
AT% 9

Al 8 el 9lolA,

A7) A ofdel, SWFoE QEA(offset) ol MAR Holw @ ol ANEL ¥R EFHE 4]
EES LI P
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7tol=9o](guideway)2F, A (vehicle)™}, Al=Bl(system)S X3Fsl= A7) A=A A ~Bl(magnetic

suspension system) S ZA],

A7) Zrel=dol= By e B4 e % }é d 2 UE (ferromagnetic rails)S Xgstar, A7) x4 =
dE F Hojx 3yt A 57] ZEE B E(windings for a linear synchronous motor)2 H¥7F2 *3a}
W

A7) Age sy e 54 1Y 2AEA A4 ofo]E(arrays of superconducting magnets)S E3$HSFaL,
B7] ZAEA AA olgolEs F A

L 3, (i)F % skt Ztel=go] HH(rail)el dial] =7 19
(magnetic attraction forces)& Zstar, (ii)d7] zt=kel el Sk HY=H (lateral restoring forces)S
sk, (i)shy == 54 e AAE(windings)olA e HFol| wkgste], Zo|wheke]l 3l (longitudinal
forces)S Z 3,

A7) Az~Ele A A(vertical gap)S SHEA I

Z7] A=A A 2=

A 11 3ol glo] A,

7} (acceleration forces)S AAIZ]7] $3 A Aol A|2El(winding contro system)=S X3l AH7]
Al A 2E

A3 13

7ol =9o] (guideway) @}, == (vehicle)d}, Holx 3l}el Alo] ZQA(control coil)@, A 1 Alo] A|x¥
(first control system)d}, #| 2 Ao} A|~®lS &= A7) A28 Al2~Hl(magnetic suspension system)
S 2A,

A7) Fhel=9ol= slup i Ea o] AAAA dYE(ferromagnetic rails)S E&staL, A7 AAAAA H

= = AHojx iyt A 7] REER PAE(windings for a linear synchronous motor)< ¥-712 E&s)

A7) e sy e B4 e ZA=A A4 o]dlol(array of superconducting magnets)E E3FElaL, A
AZA AA ojgo] & AHolx szl (1)F % shte] Zhol=glo] U (rail)ol tHal] A7) 19 (magnetic

attraction forces)S Zd#sta, (ii)d7] ol tia] Zwe H<UH(lateral restoring forces)< st

(i) skt =& 54 719 dﬁ'é(windings)oﬂ/ﬂiﬂ ARl wk&ate], dolgke] 3 (longitudinal forces)< 2_

Gt ;
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7] Aol dhte] Ao} AL AR +4 A(vertical gap)e A A3l AAE Felo] DA} e

A7) MR A2

A7 14

Zhol =9 el (guideway) @}, AFF(vehicle) @, Aol 3pbe] Alo] FU(control coil) E Al 1 Alo] A]xH
(first control system)< X3F3}= A}7] A2#AA A]~¥l(magnetic suspension system) S ZA],

A7) 7relEdlol= sy e B4 N9 AAAA sldE(ferromagnetic rails)S XEgslal, 4] AAAA @
Ade F Aol syt A8 E7] ZEE{ BAHE(windings for a linear synchronous motor)S H7}& E3+s}t
;

o

) Age st mi B4 sl A4 oldlolS(arrays of magnets)E EFFHA, 47 A4 ofglolE F Aol
Sk, (1)Ael= shtel stel=dle] AA(raiel sl Bwel A WAl AA A7) 1 (magnetic

k1

attraction forces)< Zd#lstal, (ii)A7]9F s HW 3 AAo ZAA, F7HHA Fx2A9 FQ glo], A
7]z sk Jlold A(guidance) & A|FET)e] ZE3S =wE E Y (lateral restormg forces)<
z#sta, (i)t e 59 M9 A E(windings) oA A7l vEE3te], 4719k Tdst FHd 3 A

, (
Ax ZAolwtake] Fl(longitudinal forces)S Z#slH;

47 Holw shtel Aol mAL, 4] b E % 0 Y sht =
A AAE Aele] 4 A(gap) S HFA17] 93 AAE e A5l som

rir

85 o) B

7tol =9l o] (guideway) @}, AFE(vehicle)™, Zolx &hvbel Aol FU(control coil) @ A 1 Aol A=
(first control system)< ¥3Fal= 2}7] 23X Al 2~ (magnetic suspension system) S ZA],

A7) Zrol=dolE s e B4 N AAEA BldE(ferromagnetic rails)S X8stal, A7 AAAA d
AdE = Hojx syt A8 7] REE BAE(windings for a linear synchronous motor)< H71&2 ¥3+s}
o,

A7) A sty e 54 9] A4 of¥o]E(arrays of magnets)E ESSIAL, AF7] A ofEolE F Ko

T st (1)Aolx dhte] Zhel=Slo] dd(rail)oll wid] EWd FH HA AAH 7] Q¥ (magnetic
attraction forces)S Z#sta, (ii)d71<F 54 HAA 7 HA | AAH, HoAx st IS FIT &
AEE 3l =gk ulgke] do] AaAIT 4 QEE Fr]d) %—Er?ﬂ- SeF H¥(lateral restoring forces)&
Zefstar, (iii)sht = 54 e A E(vindings) oM el Aol wh-gstol, A7]eh FAg FwQl 2 HA
A ‘J_O]HW*«] 3l (longitudinal forces)E Z#alH;

A7) Ao el Alo] A&, A7) st e B Jie] A ofdlelEs B Y] s e B Y At
AA AdE Abole] 432 M (gap)S HAHAIZIV] S8 A E el dAEo] o,
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Zhol =9 el (guideway) @}, X} (vehicle) ¥, Al&=®l(system)S X&Fste= 7] A=A Al ~Hl(magnetic

suspension system) S 2 A,

27] ZholEdol= st e B Jio] AR A dlYdE(ferromagnetic rails)S EFSIAL, A7) AAALA 9

E = AHojx iyt Ay 7] REE PAE(windings for a linear synchronous motor)< ¥-712 E&s}

A7) ZpeEe sy e B 9] A4 ol#lo]E(arrays of magnets)S FETslar, Av] AA olglols F Ao
Tl (i)FAR s stel=ge] #d(rail)el whal HWA 3y AAe AH A7) 1= (magnetic
attraction forces)& Z#3tar, (ii1)d71< sdg FAN 3 dA o HA, Hox st 3HE I F
5 3tar S vbge] 3 A F JEF shrld FEer S0 S9¥ (lateral restoring forces)S
shal, (ii)shu = B4 /9] AME(windings)ol Aol Aol whgale], A7|ek $da FHd 3] dA

7 ZAo)w3ake] 3l (longitudinal forces)S Z#3lH;

r{o

A7) Az~Ele A A(vertical gap)S SHEA7IH;

A7) Bt mE B ol A4 ofelel e 2AEA A4E L AT ANE F oln S E: E OE

e
i)
ol
Qo

7hol =9 ol (guideway) 9, A& (vehicle), Aol&= bl Aol FU(control coil)@, Al 1 Aol AJxH
(first control system)¥}, A 2 A|o] A|2HS ¥3sl= A7) A2~ A2~ (magnetic suspension system)
S 2A,

A7) Zhol=dolE s e B4 1Y AR A dldE(ferromagnetic rails)S Xgsta, 7] AAAA

|
= F Holx syt A 7] RE] PHE(windings for a linear synchronous motor)S H7t2 3 &s)

A7) Age sy e B4 le A4 oj#o](array of magnets)E XETEIaL, A7) A ofFlolE F AHolm
st (1)AAAE sy srol=se] #ld(rail)el dial HWHl FH HAAd AAH A7) Q¥ (magnetic
attraction forces)S Ze#fshar, (ii)A71eh FUdd AU A AA 2A, Hol= e 3de 3T -
AEE 3t U vige] o AT = JYEF s7)d T U &

AT =2 T =7

Zdskar, (st = 55 He] A4S (windings) oA e] Aol whgsho],
A= Zolwrake] 3 (longitudinal forces)S Z3HH;

A7) Holx dhte) Aol Y aAE F32 H(vertical gap)S 27| Y3 AXE = AL 9o

Dq .

A7) A1 A AxEe 7] FDES Aolsh;
A7) A2 Al AzER, A7) S AR AAES et
A7) s mE B e 2 ojdlols RALA AME 2 9T AME F on ) xE = g2
EFabe;

A=

B o Zdo dhgol o] "AHE AL &EE A Jlols W FA ApEkel 2002d 10¥€ 19AE EQE



= 7153 &9 #160/415,013%0 JMAE AL o5& AHFsth. o] YL Wy WAoo FU] VA AA
2 oAz EQ 20024 109 1422 EUE vT 55 &9 A110/262,541%.0] L A& ot Fed =
e Ygo] E gAMe Fx= A=A

[0002] 2 oag e 27 B4 (maglev) &4 Alag] 2 o] #Ag How 53] AHS At S A, 7t
ol 9 37| Y A7) FF &5 Al 2 el e otk

[0003] <t , 7hol= Bl 18] 9%k A o] ARRS B eleAl Agreal lar, B SHF g A
KR =

.
ohomEa, gk, zgeha maAQl 2D @
Az %

= k ZiE Aol Bpsla, A7)
AL gl Ao QAFEY g3 FE ulg 1E& S fd JFES oz AAFH gtk EAN(AI7HA]) 9
AFES 9T H 8-S uEk F, A Ud, Ruedd, 52 dd 2 15w FJE T2 e TP Jhel=
A=gla gatd o= AAs 7] $8) AtE AA g5l o) At o] skt

[0004] AAAoR &5 HLES Y& AZsA ngEHE BE A7 A A= d7]) 98 234 (ElectroDynamic
Suspension ; EDS) T Hx}7] A A3 A (ElectroMagnetic Suspension ;EMS) & 3fitol] EA4o] 9l EDS A

A AFE st W4 A4S 2t §& A7 43 28 o A4de IS Aeshe *ﬂ&ﬂdoﬂ ENS 2 7]
= AR A gk A e] A (attractive force)& AREgH. EDSO} EMS AAIE Adrhse oz d#F
150m/s(336mph, 540km/h) °o]/4e] £E2 AdAF o] gkl AJgE o] gic},

Z+ A7l= Aol ¢ledl, EDSE EMS Btk 2 A7) W(magnetic gap) 2 ZEuE AHS 7FAU, ALolA
=2 =¥(drag) E A AAA ofEl MadlHdE s AFetA g SR dEs Zher. o2 a9,
EMSE A&l A w9 & 2astes FHS 7EAY, &A47] o] EDS Aol Ao 840 ARt A Hojof g
T wdE A g

[0005] 217
[0006] gl 3& T3 AlF Edo oJsh, 100mme] & Z= EDS A|2Eo & Hoji: 150m/s(353mph) o] &
A F US4 F Y3, 5 5 ENS Al EF oJshd, 125m/s(280mph) 2] &=l A 10mme] el o3l
d =7

AR =
A Q= ZHEol SHEAT. EAAIAM S A&S fsiAe, ENSTE o]l B2 Aow wolAn,
AA FAel el Aol § A Aom moziy.

[0007] 7=

[0008] ]

Aste] AFe] HdLEE e 8T

[0009] n|= 53] A3,842,7515 (19749 109 2292 = EE2EY dg FE
p =y A=d

[0010] na 53] A3,860,3005(19759 19 149A=R 24 @yt A 3 AAH o7 AR FHA 7] AadM)E=
AagA Azl Gt AAE o8 AL XS AEAL o, o] AAE A7) WolgEoln Pt A}
M AR S 8 dAH R SYAA FRAE aFsta ok, o] 5% vtelE EE X9 EAle d4
34 Rt

[0011] U= B3] A]3,937,1485.(1976 2 10¥AE Z do],
olg)E A7) B3 A3,860,3005 7 £S5 93] oj@A
A& aTsta Thol= g FX19] Al s dskA] EalTh.

[0012] uj= £3] A)4,088,3795.(1978 5¢Y 9UxE Zol= HHo| A Foj®H PR d A A2 AJxE)E A

)
Z
p?

_6_
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=
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=
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Aol oh

L

L

2=
}

o

A}

S ouA A&
3] A3,860,3002 (1975 1€ 14AAZ ZA4 guto A dojw AAAHo7 A= FH2 x7] =

t71 91%k Ao, ENS

A2 2

=

ol
|(Halbach) ol#l¢](array)

0

B!

=

=

S|
Al

Al

=]
RS

ol A <]
& A5,722,326%.(19989 3¢ 3

<

A

Hj

=

=

9
31 EMS AAA g A}

E

=

3] A|3,860,300

e

E

=

[0013]

I

5

[0014]

LS|
=

b glont, A

0

7RA]

=

=

A

L

.

& oA A

5

AT o] A7) Az

o

Ad A7)

]

B
B
o

o2 AR

EEE

oAl o=

Al 2=
™

5] A|3,937,148%.(1976\d 29 10¥9At=E & do].

5

[0015]

A%
A

=

=

o] A}

=
=

A A

s
a

FZA (multiple structures)
q

(pitch), &% (yaw), &% (roll) 2/

d

=
S

=
T

Aol
59

i

19 (heave), ¥
Z}

o

L

A

o
v

=

1ol Al A-g-H
Aol A5

(suspension)

|

q

1l

X
HE(persistent mode) =

whsh ge 2]

g 71 Al

N2
A

Aol

=

[¢)

T
% (perturbation)el]

o

2~ (e} o
& A8S 4
T

o

L.

e 54
=7

A
H
=
7

=

o}

o Y

of
o

of slolA, &
TC

o Aloj7k Bagel A

& 3de s BA

L
o

g]

el ® v}
ik} g

T
A
H

5441 7]
%

=

@ 2x7] FZA(single magnetic structure),

Re1M, A7 F2A(E)

o] A4
2wy

1

A A
o

o}
il
B
A

ke)

[0016]
[0017]
[0018]
[0019]
[0020]
[0022]
[0023]
[0024]
[0025]
[0026]
[0027]
[0028]



[0029]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]
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B oaygel v 538, 449 7150 Base] oA £F Y, #3E £5 £U, % oue] 47 24

JAE ABAIE WHE A Aol

Al o

wouwe] e A2 AR, F2 % JllEg AFE] A% A7) FRAS gAY, A x4,

AzBAE A7) FRA S o 10008 452 5 A, FAR 2 A2Re 008 ol Yol BF HEkE 4
4 5 9. o 3 A

T 18 B o] wpE AlxElA 7]E A Ao GdHTE =AY, e 7 St d#e] zb
A5 g8 XA FHa, o5 AMEL Jtol=gol(guideway) Aol HEd Zd #dEc] dis] <H(attractive
forces)S AT = 1o =AIE A5 79t 22 24 AXES st AgHT].

(i) A% 2 oe] 488 £857] A5kl Mol 2.0 WA 3.20(6.6 A 10.500) W9 ol 4L Agshok o
o eleld WA Wvan), W, R 1A Eo] g, Eo| AW mdk I gl APsa, ol
Fom A% L 28 AP

(i1) A7 B4 2% FHFe AFo A st wel Zo] AdmEw ¢k 0.9tonne(0.9Mg E 2,0001bs) 0.2 o4F
Aok, =AE AAC A, AA] ZETF ARRE Zolo] tiftel AA AXHvta s, 7F == e oF
0.5tonnes AA|soF vk, HgF mAJE HAlo A, o] A2 oF 20mme] A7] S zke HA ol8Ibsd G
A 57 oF 80mm Fo] FH HLAES AMEste] @ddd. (28y bgE e AME, oE 2719 A Y

Lo

LG AAEo] EFE Jfol=¥S AlwslE Aol wpbgAsit. S The|=d
208, o8 5 3 9 w2 vEke] Hoteo] AEStA 0.4g W F F Qdvh. 2 AHEAELS stol=9¢]
ol A Yol ¥ A7) M(nominal magnetic gap)e] 4¥) whF wohd, A7

9 o] A<k upol 7ol 20mm 2b7] A 80mm 2ol= #W A UX) s},

o
(iv) 23 d95e 34 o 34 Hde, s m%— A (inside edges) Abelel 20] 1435ml 5842
Z1AE R tha 2, =A1E wkel o] 1700mmE A e g},

BN
N
(o]
i}
>
A
fr
N
o
X
i}

BE AAdEe] A5 1F A8l A 2ebd F vk oF BW, A% 1§ @9= EdGrow
Rapid Transit, GRT) 48-& 91814 F& e Ao A (rail gauge) & A&k Aol ez, &elol s &
A 8F0] 2 Aol soEslols] WEY ¥ HFS 2= woh e 4 AAES AgHE ol v

BERS

Z Jx¢ A F71¢ M (Choice of Pole pitch and Magenet Size)

T 19 MzAlde] SHEYE & 220 =AEO drk. A &9 spFoR EEle HAeR wRdEn. 3
of HA 2 AR A7, £r, T E UHES A% 97 e wet §E Helel] 2X WEd # v, =
1ol =A" Aol gial], 342 oF 0.5m7F HES d®ste Aol gty e 7| & AME 7Hss)
o). oA ddol digf AHAYHS F3 ZYES FE, FEUFsEA AL FX A4 "
(propulsion winding inductance)E H-oJ3tc}.  0.5m 343 45m/s(101mph) o] =&l tial, A¥ F7] &H

. [¢]
(LSM) o171 F3l(excitation frequency): 90Hzolt}. Kt} 21 IS zh= HAAldE ZHoH HAdE
(stator rails)olld 2 2= AMES YsiA o B2 9 ofo]d(back iron)S AFEITH(o]E 7Fo]=9o] H|&
I 2 S TV AT, @S RG-S Ze AAdE g 52 oY) FIaaE et o
& (eddy current loss)¥ A A9€ 29 FAHE S7HAZ & Avh.).

T 3 e vket 2 AlxwedA, AR AAES] 1 3730.5m) AT 80mm #HlY Foll s, S W
FrRA AzadlAdgy) stel=gs veRllE g Ze|ty, o] gz 40 HWYF ke dE

Oersted, MGO)o] oUAE Adst= AA Bl diall, #7140 AA =20& zke 3D f3 84 &+
of AT, A s 20mm A WS AZ0) 78 MAE JH=, o] weo] A
TAE wke} o] mgw 2,700Ne vk, o] AS- AL A4 X =9 Zo] WE Y 550Kg "2 (mass)E X

_8_



[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

stk A7) 59 g Al A 2 8lZ-AA S (half-magnets)S, &= 2bo] E=AJE n}e} e X9} xS zb
= A EC ds] A 630N FUEAQ deES WAt 42 sne] dolE e Ule E=EL B4 e
2 BEE(F, AE 7597t AN Fe M Z7]9] A Mg FH2l 6,700KgS AL Aot
)\Lxﬂ

SAE Ax A, 2HolHe A4E, 2001 108 19AE A&FE 0 EFEY #60/326,278%9] SRS
FAeta, Y3 TUAR AEd A gHo] "wr] VA AA 2 oAz Wl 5§ 494 A" bkt
2ol ATt A7 & 292 B Sl FEHAL, T e B HAAY 2 FA AT

7] A8 Z9ollA =olE niel o
(tooth width)¥} FdslttH, IAS =

500mm ol thalA, H Ao A Aol oF 112mm T 186mmolth.  ol& dxle] A
ofstar, &L AL 70%9] A RES Fojsiti (YR, gy 21 AAE AEEks
A Fo mE odA mie] oA ZAS HAsEsh] S, 186me] A Aole AeEdt AFE fd ¥E
gk MEoltt,

£% Z& Yo sl 2 W o, AR E3 FAR &% FS wERLA, 23W(scrap) Yol =
HolEl 4%& Axa 4 vk 2w ANdeld, 43 &dE e A8l Al AH &3 E(relative
winding slot width)& WEAZIE Zlo] Mg, olzglsl, 24e Axsksh] s o dolo A44< 2
o) AHgHe Zol wE ALHA B F Uk

AL =o|(F, FAN)E F7] H(air gap) Huk F 259 o EA, F o o] 20mmYw 25mm=E FH A
oy FXHE Fosht, Aol HY(control coil)ollA] B ddo]-&
S7HE kst o e g S AAaATa FHAEES ASAI

250% Aeshi Ao WH A gl glolN Ag HHow vpehtn quh,

&4 (resistive power loss)& ZEoFFo] 8715 dAZ HAA7]7] fsto], Al =Y

9] o] =& HHdl(pedestals) ol WX go2H, o]&A Y3}
= Aol 7hEsigk. gy Hgo oA, T FUF} w8 &4 AfoldlA HFEt, Aol ZYY =olE 40mm

A €}l 9 3 AF(Magnet Type and Configuration)

21A]

A 71l A, AA Ade] Fmek AEE YodE-d-54a(NdFeB)olth. THE FolAY A, F
o olYA AbE=3}F 27 A (AAF demagnetization)E $18] 275+ &AH (coercive force)S 7Fe3dk Ho 2+
T XA Friske Blo] upgAsitk. TAIE A A=, ApEo] 50T XA 002 FeE ) AEH
o2 AV aAHFA &v 2UE 2, 40 MG0S] YA AtE HES Za A=V AR EY. @A o] &bsst
AEZ 40 MGOE ZH3te dUA &S Z2H= NdFeB A E0] A18E X &dl, ol&2 €7 AVIAAH=
Zgko] Qul. B wlhgo] "yl AAdE 93, AEE AEsts d JdodA, Ho] HAANY u WS FIHAIII
8, Aoy AFZF AE5S 87w HER FAAL g A o] g BEA A7 ATE Twe] A HE
F 3l AL B2 3. EufA oJdlol(Halbatch array)9t #2 thE 249 e 7l el AA]oo A Al&4
T oy, o= 2 Al AAAHoR JIgS v HA] Y=

& XA S (End Magnets)

2 age] w2 A|xE A A 24 ool Ao R 4 ot dold Eieitt. o A wjds 2A
sk Al = Ug AHES ALk Ao] nheEA s,
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A

1. 2= oAgel7t vlg- 21 A9k u]$ fAHAl HE 2HolH A&5S AR, A Eo] ofdole F714
F-F(periodic part) S 2FHE A &S FEA| 7= A o] vz s},

2. F71% oldo](periodic array)”} 7= (cogging force)S WAA7]7] gevhd, &3 QXS0 3PS o
o 71A] &= Fo| upEA s, .

% 2bold, TR AAEL BA o7k opm Ao} AL A @brh. 7ad Eole A7 fol 42 o
A 27|, oAE Ao AASeIN LPHE VI AFE F2ANh, P AAeelA, Ao} nYe
W AME ool WAL, @R ANE AAE AH ojdelst Mg FAY i ke AsAdde] o
Arhy o}F ThE Zlela, olzle B @AMl AHTh

A2 Ao (Suspension Control)

Houtdo] w2 Ao, A A E B EAE ZAdEAA, AF HIE 4 HA2dlAdgs A
ozttt Aole Tk HHE& vt gl

1. BdA sk (unstable) ¥3 A A (equilibrium point)g A 3H(stable) 8 A Ho=z WE,

2. Ao} ALY 8 AAHpower dissipation)S HA3ZA7]E= o2 A7) W (magnetic gap)S 4.

o]zt 2P %/‘35}—‘2 Aol Nx2dbe BEadoz Frjo =8 Il Aol F3Z(feedback control loop
7} Al E(gap and acceleration sensors)E AF&3lE WHE FX(fast loop)E <HAE
A4 (current sensors)E AFE3tE =¥ FE(slower loop)E Aol AFE HA23FA|70t}.

w
ff
>
EU
o,
i,
O
i)
23 :‘

AR (static electromagnets)e] Al=®glo] Aoz Hok shfe AfFiolA EdAsty] wio s}
(stabilization)7} AFg§¥Ith. 2 WAXN AWE HAE 4 WgFoz Edgsiy, t& & €
stk B4HA Ao, #A7] 3ol FA she(nominal load)S AUl 20mm=z AAECHE, A
o] Aol TUENAL] e ARFZE stzo] DA wixE o, 20mm7t TFH] HES A =
/SE—“.?E]'BP. sk5o] F7kstH, Ao Alz='lY wE Whg Fie FUHE steS Welshe Ao ARE
Foll ZAA, AE 52 Aol FZ(zero—power control loop)E w8 ZXoA 7%= Ao A
T Az S AAAIY. A A T gkl dis] digF £20%2 ®islete o)
o, o] lal A7] o] 11 FA FOZHE F £3m=E ®gletA HH, dhFo] FAFH 2 Yo

LA

rr
rir
o ri
i)
o,
=2
k=)
gl
offt
0%
o
rO
kel
[
L
Ho
=
2
2
>
it}
o

:F ‘

(digital signal processor, DSP)Oﬂ & A=+
Ao A3t 7 AAE ke WS fHsh] H3)
o] AujAlol o o] UEF shit o]ide] ZIEAA T}

LSM 2@ =2 Ao](LSM and Its Control)

&
ol
lo
2
2
2
ified

il
o
ﬁ\L
2
5
32,
o
=3

o o |z ox [¥

Mo
N
o 2
Tis
o
o H
0 o
N
N
rlo
=
=
ft
a
[0 ox X K

30 il
il

o
%0

5

EAE AAde] A8 Fr] RE(LME AV 988 2AE(mF 53 =Y A60/326,278% U Y WA=
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s==4

)

Al 714

F7HA9l A7) FEA e

i

R

o

[e)

Al

=

=

I Aleld 4 Slvt.
(Fdel A =AY

=
=]

6oll Ao Al

ZA| Al 2]

a

3] A6,011,508% "7}o]

7k

KSR
g

E

=

=

p—

e
Qe

LSMell &3t=m, o
AF7 2E wW-H ¢ (motor back-voltage)d} TXHE=

L

371 LSM

kil

1%

kel
=

H
o}

3 volaw

[<)
)

T
A~ El O
=

=

A el e

EAv) 7AE vpel o)

L
>

71 A A A

o o]

o

=

Al vke} o] T (& A5 multiphase) QIHH
22 2 E(thrust) 7}

p

25
TS

AL HSST AF7] H-7d(maglev) Al&=H)e] Aoz Zlo|=g Aleditt,

s
2

[e]

i

[0079]

il

—

rvie)

Ho

)

o

=]
R

71 o

w), LSM Ao
%

=
=

1A~ E7}

, e

LM 7141 o A o]

(=R

3]

o

EE7F ol =

S o2, @) Y E A (per-unit inductance)”} FA

G

A4

f, LsMe] Y=
g, 1 ol 3]

o

9

%% 25 (operating in-phase)
A

S|
Al

A7) A

Zursr 319 7+ (Damping of Lateral Force)

L

T 1, & 2a, ¥ = 2pol EA

7] (exicting) Al 7]

T:

[0080]
[0081]
[0082]

= 99

KX
<

(pairs of magnets)

bol, X W5

A8l $s

A

Yl /e AA(full-length) AAE(91, 92)3}

TR
e
fang

Ar
7o)
R

=
-

ot

o

HE

3

Dz

= (pod) <]

=
=
-
X

Asm, 47 = 9
goll we ghe A4

3L

=

1513

i

3}

pud

]

bkt gre] @

pd
o

=

ki
(93)

s
2

[0083]

o

jang

A

!

o

1

[0084]

solH,

]
R

W (side-to-side)

=
=

& Aol

%

=

<

e}
<

W
Fep obelolxe] Azid 2

‘JoR

fang
i

o

oF

S

&oltt.

[e]
R

4

s
<!

Aze] 3

=
T

=
=

=
=

o

9

[0085]

=
=

el

KeX
<

ol

13

o5 =

2=

A ol 7}

& sle,

o
o] e

& Az Al

AgRroA, ol

A A=E(laminated

s %

a

100 =A1" A3 FAF
3|

1.

pud
T:

a

k)

=

=

tar AlolE 9

"

o

A A

37 AN T2

O;
[}

=

=

)

_8_
i AFEEE A= A (pole tips)(104)S zie=

o] 71A4 24

ZAEA] 29 AR (Use of Superconducting Magnets)

[0086]
[0087]
[0088]
[0089]



[0090]
[0091]

[0092]

[0093]
[0094]
[0095]

[0096]

[0097]

[0098]

[0099]

[0030]

[0031]
[0032]

[0033]

[0034]

[0035]
[0036]

[0037]

[0038]

steel poles)(103) F¢lo AAHAHAL, A7) ZUdLoz 71- Fol(steel core)?] AlEL Fod 2AEA 7Y
o AVE AN Ao T AVE FaATI= oldE Zeth. olE T3 A2A HASE 2HEA

A9 7 &2 (eddy current loss)S 7HAA T},

TR 22 AdelM e AMgE fElA, eHEl= AlAaEe G dge] d ¢ gl Aol AAsAY A
Aal ol woel= 29 ol Aty A 7IAH Trol= deol & 4 Jom, uigo] glow A8 E
o ojAld = Aok, eWdl= Madde =3 HE el ARgE]el wiE A E f= gl o] gl 29
&5e AAsh] A% A (repulsive force) s AT AA ol & 4 glow, ends MaflldS 2o &
27l He 3 Bu ARjge] Madld 2 3 AAEE THesk A o

A Al&Ee] A7) AgRe olE ATV & s, =4

2 Aty wE Al =

2S5 . d= =51, o]~ A A3 (vheel-based suspension) CEFE]Q] 9 9do] EAE £ UE WIE
A Az ArjoAet Z2 S5 (clean room)ol A AHE3H7] fJ8l], Ho}h 22 2~AY W (sacale version) o2
TAEE Aol a7E = gt UtE Jda2E WAl ABEE olFsy] HE Fol, o AS, AHe WHdH
YE(duct) WHENA Ze=E 4 9o, Fz AMe gE Q¥ wmjxdrt. w3, ®Bu Be IS Ty 96
B} e g wdS AFggeEA, AAV Fuid = e, e, Hu 52 £S89, wo & A

= 2bE AES #53sla T (cogging) & AsHE = 19 Al~dle] Wk o,

= 32 80mm ¢to]l= dU(wide rail)e 7

450, & 2a ¥ % 2bo] E=A® A EZ=ES(magnet pods)e] 13+
MM (1-wavelength section)ol]l th3ak J=#AA X

B
2, slol=g @ Felg mAsh: Y.

T 4=, ()37 AA(propulsion winding)o] 1= ~E|oJE HZ=(stator lamination)S EA|E= B dhgo
2 2 zHolg AdT, (b)FAHol Alortse AAS Z2ta, A&H(flux)E #53sta, 79 (cogging
force) @ WA H(pitching force)S FHA3}el= EAO W 2AE(end magnets)S ztE 2k 24 =2 3

AAH o7 wAE =Y.

T 5 H odwdo] iE AAdA Aol AlAde] BEX(block diagram).

E 62 E uhgo)] wrE AY F7] ZE(liner synchronous motor, LSM) Ao} A]|2Ele] ESHAE

272 3 9 53 39 d5E §837] fste] 2 AdoeR MIshE 4XEE 2 B dY nE XS
ZASE =,
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