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MILLER;
3 US5417537A KENNETH Wafer transport device
c(al=)
BERGSTROM
4 | US6249418B1 a AIS\?(DI% System for control of an electromagnetic actuator
5 US5722326A UNIV Magnetic levitation system for moving objects
CALIFORNIA(D| =) 9 Y 9 o0
5 US5467718A DAIFUKU Maghetlc IQV|tat|on transport system with non—.contact
KK(Z &) inductive power supply and battery charging
SATCON
7 US5818137A | TECHNOLOGY Integrated magnetic levitation and rotation system
INC(D]| =)
STULL: MARK Electromagnetlcally propelled hlgh—speed hlgh—papaolty
8 US5473233A e transportation system for short—distance travel in urban
and suburban areas
SVENSSON; .
9 US5845581A EINAR(D|2) Monorail system
AGENCY IND Superconductive magnetic levitation transportation
10 | USe418857B1 |  SCIENCE P gs o P
TECHN(Z =2) y
1 | Useoea7o1ER MAGNEMOTION Suspending, guiding anq propelling vehicles using
INC(0| =) magnetic forces
PARK SQUARE
12 | US6044770A | TECHNOLOGY Integrated high speed MAGLEV system
LTD(a]=)
13 | US5093754A | SEIKO SEIKI KK Control system for a magnetic levitation body
14 US20060152309 MINTCHEY, Magnetic levitation of intraluminal microelectronic capsule
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Superconducting magnetic levitated train, train system
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US5094173A LTD(2 =) method of controlling the same, and superconducting
=" coil for magnetic levitated train

SUPPES GALEN

US5146853A e Compact magnetic levitation transportation system
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US6286434B1 AGIE2) Propulsion system for a magnetic levitation vehicle
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2 A4
A% B@ Bsle 27 AR BA A/ R3] ofE 559
AFE 2 71599 sduraa 2% Alusad ArRggdel Bag
532 B

A7)k BE BSE 19009 Eukel bg 2 Z9RATIE A2 oA



H53) o

=
=

A9 8% Fahe =3

=
=

&

E
=

X
X

ol

To-

=2l ot 2]

1
ol AM

23 537}

)

o

iz

o

Bt 5d3} w5

o
Al

0y
-

Nlo
o)

Nfo

of %3

IPC<I B60L

.l

z 7

©)

!

z

7 71 ol

b Azl

2000 o

)

O #7]

™

3
e

o

B

o

Baddst A2 oA 58 &

=

%Al

gl

jmiat

o

iop-

or o1} 20001 ol

-
T

(<3} x]

=i

cul

IHE|Z|7FK] AlZEO| 2= B 2 AN

jurn i
o

k=3
T

=2

=
=

ol
=1

= =
= =

o A

= T

|E

At

0
x
Hela| 4(17821)

5

5 AsEot

2) 5

=
?O

'89 '90 '91 '92 '93 '94 '95 '96 '97 '98 '99 '0O0 '01 '02 '03 '04 '0O5 '06 '07 '0O8

1) ‘07~08 & o

=
e
T

Bl

(2% 2-74] A=



Faout 1990 o

o A5

S7h o

bo

Bl
AL

- 2000

1990 i o]

=42

53

el

o]
=

]

5]

R

DE

-
=P

=0-—=KR el US

40

35

'88 '89 '90 '91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 '06 '07 '08

b CllolE(335)

<]

2E 2% =gt

[=]]
=

)

B
ujr

K-

(2% 2-75] A=

]

-

T A EZ 27

—_—

,%]_O

A

Nro

Gl

59 %

=99

Aoole =3

o

= 91

23

1

us

=

]

A
iy
il

'89 '90 '91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 '06 '07 '08

=) Sa{mjee] 4(17871)

\eJ
B
o
A

gyl
w

p—

0
G

=
=

EEEEE

[19 2-76] A=



5t o|0|E{(33574)

F) SsmYels 2% =

[ 2-77] A= e 559 wued

LS 69%e) E8)2



1)

F2)

U2 E 25 EZesh O o[E{(33571)

Bizo| oY =5 Felo| ofE Toelo] S3E T2 FUISAIE LEH

a
Y 2-78] M= #d 53¢ % 29 A

=ddE =9 5%

o] MITSUBISHIONA 7} #& 1879 5315 &dadoew 17397
B dE7Ido R e

AL 54 7HdE0l 53E thf st s



MITSUBISHI ELECTRIC(Z &)
TOKYO SHIBAURA ELECTRIC(Y &)

HITACHI( &)

BOEGL MAX BAUUNTERNEHMUNG(S &)
RAILWAY TECHNICAL RES INST(Q &)
THYSSEN(Z= Q)

TOKAIRYOKAKU TETSUDO(Y! &)

SIEMENS(Z &)

Nl
my
rlo
H
N
e
_o'ﬂ
2

- HITACHI, EBARA 5 dE7|FEL gFE A&
- JHo 7YEHT} THYSSEN 5 =9

=) )
At =

HITACHI(Y &)

SIEMENS(& &
MITSUBISHI
ELECTRIC(Y &)
TOKYO SHIBAURA
ELECTRIC(Y &)

BOEGL MAX
BAUUNTERNEHMUNG( ...

THYSSEN(Z &)

[27 2-80] A= @ =99 59 =4



A7 #e 5359 A9 Z91S MITSUBISHI, TOKYO SHIBAURA 5 <
wrlgom ehon A% JA§E} oh AHoE $5E 55T u
fratdtta s 99 LICHIUS LINA, US ARMY S22 Uebd

- AN T uE Vlesd vlaste] FuHoer 555 ke JIEd

F 2-8> 5sizdst ARt 8= A9l 109 =S v

S5 &9 2% 491 109 B2 HBF TIBE A3l 109 HHe
MITSUBISHI ELECTRIC CORP 8 LICHIUS LINA 086
TOKYO SHIBAURA ELECTRIC CO | 17 US ARMY 083
HITACHI LTD 13 A oy T 069
RAILWAY TECHNICAL RES INST | 11 US ENERGY 061
BORaL M By NEAMUNG 4 GRUMMAN AEROSPACE CORP | 039
THYSSEN 7 MAGLEV INC 038
SIEMENS AG 6 LI LINGQUN 025
TOKAI RYOKAKU TETSUDO KK 6 MAGNETBAHN GMBH 0.17

F) EM X xR Aol E &8sIkiert el X|Z £ obd

O ZEYQUER 55 &3 F0|E AHEHEM 1990ACH Z=0fl TOKYO SHIBAURA, HITACHI S2

= 7|¥e| 55 &0l st an] 20004 =g BOEGL, SIEMENS & =< 7|¥®&
o S5 ®o| s MU
- 200097HA = A2 B2 VIl 53 o] &ts] IyHAoH

2000t o] % i MITSUBISHI®| 537} &9+



- 0 =
N X
= BT it o
— ‘UAlL | u
o .
S A o ]
. ¢ . ™ o
B 2 : g ar =
il 5 ) . o .
| 0 a o 5| _
o = ﬁo O N g g 1
ﬂ_OI o A X0 ° QE
N g : E
© gl o 1 : :
o ‘Qﬂ X ﬂﬁ ﬂ - ;
- s W M- . @ ™ . ; :
w0 ﬂ ﬂW _:A : : |
1 ; i o 3 ot g il
g2 S ; - < 2 : :
o« n n .mE RO ) q
23 & e wjr <A = ) i < z .
HE s gl O N2 O X o R : .
sg ¢ 3 =) = = 7 5 o0 i o -
fzzz € H = I 3 » ) | %
i i E R ] R N
il : i 70 8 i WI Y 20 e
IS Mﬂ ﬂ o Kr Pl 0 P 2 L
+* + _ 8 o/ ) ~o ‘EI = B[l ~ - i : ﬂ
: .Iﬁ E__l ‘XI - N 4 ...Al._ E_n H 0 o :.L
2 & o 3 N ™ X oo Ko - Bl o
3 3 N i nalli o do RO 2 uls - g i
H = ~
w % 7 : L| u I—Il_ ]
5 e PoT Dy B X i) . E © o
(SR © 3 J = it G $ g ,
£ 3 2 > 0y o X o ¥ i s | Ew
502 s 8 oo Wo e Mo b o £ A g al : !
o L 3 L. |
: %, 3 o 0w wjr ) nooR g Ko oo i 2 ¢
2222 2 @ n o N - Hlo K 1 4 wﬁ N J T 7
il | . W = ap 5 v i ) ¥ =
e 5 T i Y "= o R i i o ®
WI 23 . <F T N ovoom Mo B i < - ____ﬁ
Q 3 - g ‘WE N X g = N5 4 |
Z i o0 1L Ty ) b | | F ;
§ @ ° mE o " o WO o 3 , . Ilm f
g 7T N pic] " oo I R o ” m % :
—t amﬁ ™ U X w2 oo 2 g 3
L L L O 1_
r T T ~ e o 1 H;l OE = j E E .m”
~ © n < o *M_U [ m HT B ri ‘m _
|

~
SIS
O



5) FQESYE
O AFF MAFEI B 53, AU 5} e 55 §¢ Fasdz A
kgl on 2000 ol F H 53 % AESIY] d7dolA aH3 A
N ggdael BE A V)& 539 Fa5s drEw Au
NO. SslHs Z& 2l 3l
Double row loop—coil configuration for high—-speed
1 US5517924A | US ARMY(E]=}) | electrodynamic maglev suspension, guidance, propulsion
and guideway directional switching
W02002075051 LICHIUS
2 A LINAE L) GUIDEWAY FOR TRACK-GUIDED VEHICLES
MITSUBISHI
GROUND COIL APPARATUS FOR MAGNETIC
3 |JP2001054211A ELECTRIC
LEVITATION RAIL-WAY
CORP(€ &) v © W
4 | US5253591A | US ARMY(D|=) High speed maglev design
MASSACHUSETT
S INST Multiple magnet positioning apparatus for magnetic
5 S5388527A
U TECHNOLOGY(o| levitation vehicles
=)
HITACHI Track system and vehicle having both magnetic and
6 US5215015A LTD(2 =) aerodynamic levitation, with wings on the vehicle
=T carrying the whole weight at normal operating speeds
us Expansion joint for guideway for magnetic levitation
7 US5184557A
ENERGY(0|=) transportation system
Magnetic levitation configuration incorporating levitation
8 | US5253592A | US ARMY(D|=) | odnetie! "9 porating !
guidance and linear synchronous motor
GRUMMAN . . . . .
o | s | serospace | O 1 o 1 el o
CORP(a]2) onetealy P Y
10 | USs83114A MAGLEV Utility distribution system mcorporatmg magnetic levitation
INC(B[=3) vehicle guideways




6) A8 % AAHA
A7\0g A2 BE BSE Be 7 FA8AE 9o AR B

539 go] A 53 #elo] FEER Fbn U

Ho
ot
ot
H
i
ilisd
ol

(o]
Jim
_0&
i
dg
o,
i)
(02
ol
™

- 2000t FRE o] % W=

- dE2 dEol 78%°] 535 =deRoen Fd 8%, = 6%4 53E

3R

=& s el 62%°] 53515 F9dlen PCT &92 33%°] 23
- AEE 9% 58E =l 249
A7) EG AR Ba S8le die] VIsldA Be 538 F98ta e A
oz yeyton 7Hd Be 538 4% 719> MITSUBISHIZ +4 4
- e S8E By xdsw M we 24 @ Ve 549
THYSSENe|® %4, f4, PCT Tl & 535 =943
- g TlEe 54

o]
gov] Adrrlgde ditel 53 #9g Ry du AL

L

1990t %o TOKYO SHIBAURA, HITACHI 59 ¥ 7199 E3

Jim

Qo] kst om 20000t =8 BOEGL, SIEMENS 5 £ 7|4 &9

o - MITSUBISHI® 537} &%

- 100 —



1.3 Vehicle

=)

o

H

o
tel A A

S

gt

1990

KeN
T

2]

A3} Vehicle ## E3] =

i

A
Aot 2000t Zuk o

=7t

o]

=

3 oA

= =
) Y

shefa

77

1)

(22

67

62

58

48

42

43

35

32

28

23

26

25

18

19

19

'80 '00 '91 '92 '03 '04 '05 '96 '97 'O '00 '0O0 '01 '02 '03 '04 '05 'O6 07 'O8

sl =40l M A 25t =

Z1) ‘89 0]

o}

83] Vehicle ## 53

(2" 2-

A ¥ Vehicle & A7)

=]
T

Ho=Z

]

- 91ds 7

AL S7EA7E A S E AL

()]
AN

0% yen}

o A1 "06%

}

%0
H

__':I_EH

ol

ey

P
o

AR A3, AR

=
=

o}

O L2 Vehicle #Hd 573

Gl

™

5 F9o] WYy

bl A 5

R8s

OF3

=

}

- 101 -



1)

(-

100

ur o % Hﬁw e w o %
T = oo M ™
w o9 g . No T S o
2 m ~ ) _w e ! m 2
S o = o) oW oy S
S il REECS - O 3 B
S = A Mﬁ = o B g F
f = _ iy 0
2 i iy - i nTg
— 5 o
ot _MT qo_m - ,WM Wi = N o Mm 7
5 e T = TR
S % L E 3 E Egzv
2 L = = R oEm
a A T o TR How wom %
A
[ 1_|_|1_ H;l Erl 0 X Z#O ~ X o " AT
@ 3 = oour . T LR mo
7% o m._u.__ I H T 5 o W
) 0 —_— )
o 3 wm g g 2L
& 2l Ry B b or = = T K
=+ E__l o LM I s =P N w
[ ™ Moo o X ! 5 um_f ) ol up
L) | ﬂﬁ ﬂw_._ _ C‘.* Z.E o TS = ~ =
.MJ._ ) BOOX N R . ojn
o e 3 i T O I S
3 T g FogoPw T oy owm R o K
5 s 2 o o X g:2 o
Bz 5 T E o nwEY oz HoE &
BBEs i T ® B TR kT BT G
.— _ + _ = o P [ - B S I Mwe A
£ S ol ) = o owm W o
=t U mn e No © s]T ..Lmo wﬂc 5 T M o
3 w 0@ S BT o R
Eal g LI m T g ° B o
144 3 - )
_ I. @ = S g 2 S o T W oBE WS B B
: : _ 2 | [
| |
F 8 R BR 3| 8 8 ° ur

(e KE

- 102 -



piA

@, v, el 27 w2

=87} 24HYL, 1 AR

0- O
& -

O =" AdE=E Vehicle & E73]

TX = o
2z _ﬂ N T D o
- o PR M W o ’ E
= 9 Tw el B "
B = s W@ LT
Bo —_ ol = ° :._u
) & o BN -
i P s LE 3
o N R o il %c w "o
® 0T w M i % g
N B W o = T . ¥
:L v oE 03 °o 5 @l S
o R w5 ® oo “e
oy o N oL
= SIS U g 5o .{ o
i M . W & ~ = Mﬂw :
) Q —_ 7 |
g TR ﬁp Eﬂu s z il )
g ® i o = > i .
¥ wr o i Mo i
8 ) o W o T % >
3 ﬂww_ % 1_./| x° .Al ~H ) ,HOI
T o = ~ow U
o _z_.E _&.E — e ﬂwﬂ e _z_.E
T 2 - < o W it
NS ) o < 5
woE " T w e g
Toll () i Hr ) z L e S W
Hoo> W s -
U Ty a ki - 5 :
o mom oA T T g e - b
[T N ek T o 5 W .
oo T oy oW og I
L o T
Iy 1_.1_ " ojn ) i °
ufr TN ojpn g R oo M T
9N T o W B o W B o
= / R R Ry i = E T 2
R FE AR P W S o T ¥
| T = o T ow g W
7 _ _&.E .mﬂ

- 103 —



1)

DE Ip

GB

CN

= v o

[} = =
LU B N

oilolef (95471)

7ol
D

I
il

)
N

p—

0
e

o &

[Z2¥ 2-86] Vehicle ¥& 53]

(eF 78%) A=l

i
-

o

o)
]

pa—

0
o

Ny

o)
N

—

0
B

o]

PCT, vl=r 5o

y

1o AWk ol #3)

o
v

9 =

- 5w w24

olp

R

B!

o
G

]

=
B

file)

il

)

Ho

o
il

gl

p—

0
o
l

3

7}, Qo] EBARA

el

=

b
o el 1099 99 7

AF
=

ol

O =¥z Vehicle &

o
—_

shel g

9]

lo] &3]}

g

e &

- 104 -



TOKAI RYOKAKU TETSUDO (&)

+

EBARA (ZE) )
HITACHI (&) =
SUMITOMO (2 E) :
TOKYD SHIBAURA (L E)
MITSUBISHI (2 &) i
RAILWAYTECH RES INST (HE)
THYSSEM INDUSTRIE (52 ;

[

ULVAC [ 2= (EH- )

sz (=)

N
rlo

27| stoll U= chE 2lAte] d9 Shtel HEez SIS

o

[719 2-87] Vehicle #& 532 YA 53 Fo

Aol AL F3d A (Railway Technical Research Institute)ES A <] g

f

g E9dEol Wi 7IdolH, A7, s 2okl VIdEd AL

1987 A2 NRel JR A= HAsthel met ofo] xbd AR
FATARTRDE U8 wa) 34 34 d7aold, JRe 54

B9 478 APIHE AN ATLE RRAGS

ol
4z

H

BN
o

—_L
=

- o]9]o] THYSSEN INDUSTRIE, &t =elx A9 109l £3Eo] 92

» THYSSEN-2 199911 KRUPP¥ &38te] ThyssenKruppo] H$low,
E3]o A KRUPPS| 53]+ 2% 33l Hel4d THYSSENS = k3t
A REe 2001 AAEx 1802 AYH o)F (F)RHor E

£ Edsien, 20079 B AR S FAURR(F)E WA

- 105 —



[t L )

¥

[72¥] 2-88] Vehicle

- 90 Zoll=

o] &latA 53 E EFdatlont, o5 YL 90 T o] & Ax
A g el Al vEhAl @Al 9l
» UheF RITIO|] 749 vlaA FF3] 53& U3t A o= He
- EBARA= 20004 3719 535 &d3td o o|¢2= Ao 588 &
dakA] ¢ka 9len] MITSUBISHIS®H TOKYO SHIBAURAZF 3] 1
A9 53vrs E938ka S
- 2000 o]F i Hdo] THYSSENH 3=re] dAuzelvto] 53 U3
oA S7behs Bi5& Beli Sl
» THYSSEN¥ doj28le 90dd] 20 A2 A 53] &40 s
= THYSSENe] 715-& QAR A4 S7tshe s dehla o,
ddzde 53Fde] A d Ao A EFELe FF
i FAES Holu IS
= olgfg WA FF AR FAFolE AAE Favt vk
aekg
E3dde) s BT 233 HolHE 7|F 22 Vehicle #3 53] 49 570
909 Zudd 53 £ dFS AR Ay 9 ¥ 53 &

—#—EBARA
== SUMIMOTOD
—A— MITSUBISHI
—+—THYSSEM
ULVAC

EBARA
A

¥

SUMIMOTO
A TOKYO SHIBAURA
/4

ULVAC

(24
—8— HITACHI
—=<—TOKYO SHIBALRA
—a— RAILWAY TECH RES
—=—TOKAIRYOKAKU

—r— EQLH'EEH

HOj =2 <

RAILWAY ’r
TECH RES

““{}\,&f_,

«—@

‘B8 '90 '91 '92 '93 '94 'S5 '96 '9F OB 'S99 '00 '01 '02 '03 '0O4 05 '06 '07 ‘08

zaucs
#He 535 A9 949 A 53 =Y Fo

HITACHI, EBARA, TOKYO SHIBAURA %° d&7]¢

— 106 —



o o < 3 o &
o o i wjr > 2
Ui ~ _ e ki
o =3 0 E..ﬂ _&.E o
B % ol X ¥ T
< S . e
e P & o W0 i 5
8 W o TE g ¥ !
Q... O
0 Wy T i @_ W A >
o 3 ur TR~ M ojn © o
8 = 0 R oL R
E,._ 3 =Tl — ‘_ﬂw‘._ ‘mu‘_ —_ o —_~
o of TNz ~ g
T e i o B oo iR oF
2 Kl 2 ﬂ op o B o T i
MWE o H o4 m %ﬁ D up
G T T o ®
" = N R ~ o B of gy W g Wi
o S L 2 C T - S
9% Tz dargfwes Ry
<t 0 — 0 [m!
g T ok B ow T g W Woo-
o A T o T o T MT
I n B oowa = — o = M
A ST T G - G ]
I ,omop IS LT U g BT
) & % 4 # % Mo :T%%@1W%ih_ﬁz_oz
Y ¥ o - Q Mook w ok o = wr — B
4o o g 1S o= ) Wo=e BOR g 0w
i z & I 2 & - o S < S
ol i 8 £ B 3 moS T AT o P e o PR
i - R B = 22N T R E N NPER
33 = 2 FLUZ 0l o&w 0 o
S 2 oL ®mogmouogou o g W g
% = ur = = T @ M. wwop . k=
™ i N | | I >
- O

=
=

- 107 —

A vl=r2] PARK SQUARE TECHNOLOGY, Mark A. Stull 5°] A=

(Agency of Industrial Science and Technology)



o

jase)

2)

S| H |83 |88 |3 |5 |dJ
ol ol ol — — — — — — —
ol
o
_xE W m
* | O |3
o L | L
w2 |3 -
of T 1 27 —
2252t lo|x 2R |22
- = [ _
w | Wi E|un = Q| =
H| 5| F | »H | Ww|Q | & |9 |=|FT|0d
Q S | =< Tl »| =
W oW 25 Q|0 <
ol O < C = 5 % 0 _Aln O =z
T Z2|23 % o0|® Tl
| =2 — @ T nKu
5| P o =
| 2| O
o Ll [as
(o] G A
4 [al}
Lo (ep) (o] [e 0] «© Al LO Lo Lo <t
<~ | < » | N N | N = — — —
ol
onl
__A_._.__ o
_ . Q
S = =
_ = % &
oA ol 2| T |« =
C=s|Zl5|l2lg|x G 5| ol m
< Q T | 00|99 || | M
gl <2 2| | 2o S| 3=
N m = = N = > = J
w | £ O | E |l O |2 ®
ol |z |S|x|F|E g
K e o
“ S5 IS
110 = m
]y ot )
T

L=
=

5] US6418857 (

AIST &

s

e

)
=

Superconductive magnetic levitation transportation system, ¥

SR E®
2

3]

A4 5

2000l =

S
T

A=)

&1 2 EP1080982A1, JP2001063556A7}

E
=

e Ao

Fou-g-ol

k)
pul

7Fe-dl mH(US ARMY)o]

ol
He

371 (USH517924A,

12 A %

= =
‘:TO

2 Vehicle®} #d =

, vl

o
US5253591A, USHE86504A)°] 53 & =

o]
s

TR
0
o

K
o

o

il

il

Gl

AgE ohuv JoHom Hd &

o)

)

3

— 108 —



B
)] BHw
2

o

O AR

A=

[Z2¥ 2-90] Vehicle #&H 573

IPC

=
=

F2), HOIF(AHY, 19 ®E S, W7 )9 &7 w22 537 24530+

B =
T'_T'IT.%:{

S
3
A
i
e
3
M
rﬁ
offt
o

2+ B60L 13/00(Z:=d g2t A A7, @ (rack) 2

A AES A7l A e B3 B6IB
& &2 F), BE5G 54/00(A 714 HE+=

s17F 245

1r

o
o
fru
J|m

- 109 -



13
3%
21 EF
a5 HO1F0007
73% 13
4%
\BEEGDDSJ-I
BoCLOO13 BETRANT D
'B61B0013 a1
1724 67 10%
(EHE )
(29 2-91] AlF- IPC &748 =9 &%
5 TL5SY2E
O AW LRI} e 53E Fa5sw Adaon, 20059 o Fof
=99 A E5E ¥ HESY Vehicle #H FoE35 g2ER Adg
NO. S5{HS Z ol RS
1 USB4188578 1 AIST Superconductive magnetic levitation transportation
(¥ system
PARK SQUARE
2 USe044770A | TECHNOLOGY Integrated high speed MAGLEV system
(o)
Electromagnetically propelled high—-speed high—-capacity
MARK A. STULL
3 US5473233A (0|2 transportation system for short—distance travel in urban
and suburban areas
FISKE ORLO
4 | USB374746B1 JAMES Magnetic levitation transportation system and method
(o]=)
SUMITOMO
Fabricati ; . . .
5 USA906609A ELECTRIC abrication o superconductlng oxide wires by
powder-in—tube method
(=)
Double row loop—coil configuration for high-speed
US ARMY _ . . .
6 US5517924A (0|2 electrodynamic maglev suspension, guidance, propulsion
and guideway directional

- 110 -



NO. S5{HS Z& 9l 3l
SEIKO SEIKI
7 US5288199A (o) Transporting device of magnetically floating type
HITACHI Superconducting magnetic levitated train, train system
8 US5094173A (212 method of controlling the same, and superconducting
= coil for magnetic levitated train
TOKYO
SHIBAURA Carrying apparatus having carrier levitated by magnetic
251741A
o US525 ELECTRIC force
(2=)
2 1523
10 US OOi(.: 52309 UNKNOWN Magnetic levitation of intraluminal microelectronic capsule
THYSSENKRUPP
11 WO2008028450 TRANSRAPID MAGLEV VEHICLE HAVING GUIDANCE MAGNETS
A (=2
MITSUBISHI
12 |JP2008005652A ELECTRIC MAGNETIC LEVITATION VEHICLE
(g2
KYUSHU INST.
OF Non-contact conveying device using superconducting
13 | US7472786B2
TECHNOLOGY magnetic levitation
(L&)
" WO02008110478| SIEMENS AG | SYSTEM FOR A VEHICLE, COMPRISING A LINEAR
A2 (=) MOTOR WITH A LONG STATOR ALONG THE TRACK
KR20070095667 | =& 7| =01+ MEMS7| ¥ HHE GUAIAE S o] 8¢t
I A 2 H TR A
6) 28 2 AL
O Vehicle®} #H3 53 598710 HAEglow side 53 & BT E
Fatel ¥ 9unel S8E BAmgoR YA
- dAT7ge aHow JY= Vehicles T3 #AAM¥E 53 S Vehicleo] W
88 T AN RA4IR Asd B 53], Vehicled] FFEo 2 HA
58 glaEg 2% xgste] 245
O Vehicle ## 53]9] oF 38%7F Ao ZUHol AAoew sh=3 v
Holl = 22 oF 156%9 537 d=EA=

- 111 -



1991

S

42 ddHez A=z
o] Fo1 A

54 %

I

9]

& 27+ A Vehicle®} ##H

£3)7}

b, ms, Sl

)
pul

TR

- 2000 ©]

il

5]

E
=

o] A

=<

&3

dE 7|9

=2
[¢)

O EBARA, HITACHI, SUMIMOTO

’

1S ¢

&

il

o

—_
fite)

E
=

THYSSENKRUPP, dtj=€ 5o 7|goA

ol &=

ko3
T

2000t ©]

Ton
o

Dl
{F

il

7

)

_(H

]

Arkd g R

A
2]

Aso] Qo] AAA A

=
=

A= of] vt

o 52

e

o 5

!

¥ o}y

S8

gk

1)

o2 FFE™, Vehicled] Ui

o

%
oF

1.4 Linear Synchronous Motor

e 1990

=

o 1990 o

A= o] 2003 el = 7}

3

O LSM ## 7]+ 1970

ol
G

~©

Aoz Zo

o]

d o

o

- 1990t & 7]

TH
e
o

T
od

"o

-

- 112 -



- 20069 % o]F 53 AUt fhde A
Alzbol 22 E7] Wil

18 (TH: )

4 i 9 Jm

20

18

16

14

12

10

'79'80'81°'82'83'84'85'86'87'88 '89'90'91'92'93'94'95'96

[L% 2-93] LSM 7|9 d=d

- 113 -

'97'98'99'00'01'02 '03'04 '05'06'07
saus



o

&

A

o

R

S AYRd LSM 7|&
Foglon M g u

o}
=

S
=

o
o
A
i
<

[2¥ 2-94] LSM 7|9 &=v|

X
=)
-

KR
(2%)

it

o

o

LSM

=R
e T

ol 7t

o

o

Ton

]

@

o
o
il
]
0y
-
el
!

{f

 #90l 73

E

=

A

)

—~
o

o

el
o
Ny
I3

wjr

G

e

niat

i

K

|
o

[

file)
oF!
N

)

2 a2A Z} F7}e|

- 114 -



7|

g
# ke
o
2 e
=
us
»
0 20 40 50 80 100 120
Szl
(19 2-95] LSM 7]<9] =49 =3
U S &

HITACHI

JAPANMATIONAL RAILWAY
MAGNEMOTION
MITSUBISHI ELECTRIC
MAGLEY TECHNOLODGY
SIEMENS

SANYO ELECTRIC

VELOCITY MAGNETICS
TOKYD SHIBAURA ELECTRIC

FUII ELECTRIC

i

Fel

17

(T )
&
T T T T T T T T T 1
a 2 4 o B 10 12 14 16
M 53 E4 Fol

- 115 -

.

7



O LSM 7]=9] 49 49 =09 vl 53 &9 d&S AyEd o
¥ ATl 588 wol vin JAR 59U vIex 55 25 9
- 9057 7MY w2 4o HITACHI jte] 4§ AA 171 & %
57, dite 1014, Pl=ol 278 EUs A=
- Japan National Railway®] 749 =593 dE &Yste B HY
DE ' Jp: | us i
HITACH! .
oe . p | ! !
JAPAN NATIOMNAL :
rway T -
: i i  me |
EP s : ! i
| ! ! ! mKR |
L p i muUs |
MITSUBISHI ELECTRIC : i
7 i ] EWo
0 5 10 15 20
[27 2-97] LSM 719 39 47] &9l Zrdd &9 3

O LSM 7| #d E3& dHoz o] BHist &9 HITACHI, JNR,
MAGNEMOTION Solm AHo=zm L43 EFES HGI =g
MAGLEV TECHNOLOGY, SIEMENS, SANYO 2 e

<E 2-10> 53 AT A Jogr A9 109 =9 ¥
E5| =2 A A 109 =/ A molsr A 10% &=/l
HITACHI 17 MAGLEV TECHNOLOGY 341
JAPAN NATIONAL RAILWAY 15 WAVRE; NICOLAS 338
MAGNEMOTION 13 SIEMENS 321
MITSUBISHI ELECTRIC 12 SANYO ELECTRIC 262
SANYO ELECTRIC 7 HITACHI 192
SIEMENS 7 MAGNEMOTION 1.10
MAGLEV TECHNOLOGY 7 CIMARRON TECHNOLOGY 0.98
FUJI ELECTRIC 6 OTIS ELEVATOR 0.80

TOKYO SHIBAURA ELECTRIC 6 BOEING 0.71

VELOCITY MAGNETICS 6 POWER PARAGON 0.64
F) AM X EZ AHWDIARTE 2P oL} MMl X|FE ol

- 116 —



4) IPC 72 =Y 5%
O LSM 7|+ #d 53859 IPC ¥ /FES AHEY BOL(HA74 FH A
7172 ,

(Et91: 21)

MAGNEMOTION

JAPAN
MATIOMAL
RAILWAY

MAGLEV
TECHMOLOGY

MITSUBISHI

HITACH!

'70'80'81'82'83 '84 '85'86'R7 '88 '82'00 '01'92 '93'04 '95 '06'97 '98°99'00'01'02 '03'04 '05'06 '07

saus
[Z27 2-98] LSM 7]& &9 &9 A= 53 = F0

) HO2K(Z A 7], AE71)e E/7F 15%E 2R84 HO2P(H 5 7],
o]

Ee ge

B&OL

HOZK
45
32%

[719 2-99] LSM 7]<¢] IPC &7d S35

- 117 -

4

_q]



5) TREYZE
O A FA =7t =2 53], el 587 B2 53] 58 T/E55=2 A

el om 2000 olF FHE ESE BYF HESY AFgHoA 23 A
715-2gEatel] #HES LSM 53] dist 555 FHHoE FRE535 gl
ER A4

NO. | SslHs zglol %3

MAGNETICALLY LEVITATED TYPE XY PLANAR
1 [JP2003052164A| UNIV NIHON GNETIC v

LINEAR SYNCHRONOUS MOTOR

MAGLEV . . . .
2 US5208496A TECHNOLOGY Linear synchronous motor having variable pole pitches
SHOWA
3 |JP2003116262A ELECTRIC LINEAR SYNCHRONOUS MOTOR
4 |JP2007089260A HITACHI LINEAR SYNCHRONOUS MOTOR
TOKAI RYOKAKU| FEEDER CONTROL SYSTEM AND METHOD FOR
5 | JP20052240747 TETSUDO LINEAR SYNCHRONOUS MOTOR VEHICLE
UNITED STATES
OF AMERICA | Magnetic levitation configuration incorporating levitation,
6 US5253592A DEPARTMENT guidance and linear synchronous motor
OF ENERGY
WAVRE; .
7 US5910691A NICOLAS Permanent-magnet linear synchronous motor
8 | USE917136B2 | MAGNEMOTION Synchronous machine design and manufacturing
WOR007108586 KOREA SYSTEM OF RAILWAY VEHICLE USING LINEAR
9 Al RAILROAD RES | MOTOR AND NON-CONTACT ELECTRIC POWER
INST SUPPLY SYSTEM
W0O2008005428 LINEAR SYNCHRONOUS MOTOR POWER CONTROL
10 A2 MAGNEMOTION SYSTEM AND METHODS

- 118 —



=7| 2E{LINEAR SYNCHRONIZING

XA F7| 24 o 2E{Permanent magnet

o
o
Q S
2 2
U —
(@) — o]
prd o o
KO m _nw =
o T @) ]
@) = o]
< S
» XS]
o S
ol
= X
<
K
o0
H| %
LLJ — ol o =
sl gz |95 2T
- | T I ol = — of
il 7, B S I I T N
Ml o | i) x4
== 100 o 2L
M|~ ©
<t —
(©))]
5 & &
lof = N 8
| Q S S
= o S < K <
110 (@] S S
wjr m o S
o & &
4 X

1

12

13

7 2]

=
=

&

niat
o

l

3w 108710

- LSM 7|

sl lom ml =}

=4

I

1 7F ol

= =
=

549% 9]

=
)

5

E
=

olp

]:H [e)

- 1990

oH

o

ﬂ_mo

SEER

l

gts

@zE o] AT ol

7 gl

5

-
o

o
Hr
Nfo
e

o

TH
X
i

™

A

ox

O LSM 7]%9 A$ AA 535 &Y 4= HITACHIZ} 7 2o 19909 =

MAGNEMOTION,

o =

ey
T

o]

el 2000 o

SEIMENS

—_
o

amo
T

it

o

oH

el
ﬂ_mo
T
)
—~

o
o

A
o

o
il

pariy
fite)
rvze]

o
]

&7 BA

E
=

t:;l,

gjuete] 49 LSMell o

o %

T
B

K

B

- 119 -



- 120 -



o X194

]

3

A1d A

ofe] et

)
2 5

]

s AE golskel v, ¢

ol
P2

oM &AE a

Qe AT A8 F9

on

e}
Hr

ojn

R

B!

—_
o

A

P ~eb2ul 7k - 3kel] o

S

O MEe ofy

o)

o

SHE, FA AE7E ASduE F5 oAl Al A 4

O Adx=re) 7leqd o

KeR
T

o] T %

51 0
e

4r

el 7]

12 et A ol &

= o
T

38 o

s}
=]

& oF

- 121 -



o

o

—_

0

®
fue
ol

o

2 qEdHE=R

]o
=]

[e)

PN

o

=
A28l A3} olg] veke A A

ERE

3}

‘?4‘—7

o

F

.

o] 7|7 AN A

A7 o H 917

A Yol = Al sfulo] 3
st 7=

Al
A=
13

=

R

o A
% 20]

2=
=

O AA ztarel

O = A A

Mo

A =l A 350km/h

Eil

©)

el

Al, IT, &4 FokllA ¢ Fx= 7<)

T
a

15

H
s

ek

©)

ojn

= A

Z] 3N

I owA A AANEE A

9]

ol Ao AHd Fah, A

)
T
70
o}
il

- 122 -



N
ro~ W
- W o
w %_0| v Tw
N do 11%0 K
SR
N ]__A
ECRL NN o
ool KW
NoRr R oo- o
RO = —
o T do X
o o P NF N
o = o il
X g0 X L e
| o go | X - e
7 R N Ar
of Yo o 5
I oW | B al
Ho T ) mm = N = = 0
0 | B W Ho S WK
o i
N W N ar | W — | = —
(ANt [ 7 I O e
T = % o ou zoo | T %
oF Eo =0 O# Or; 01_ ﬂl oru ;dﬂ
N zp e W W L, T
w0 ER o = | e = X ol gl
! KON ® | @ R N BE 2 % 5o =
‘Qv ﬂpﬂ J7|L = 1_,_AI OE Jl ﬂxfl NJ ,l,_./! ﬂAIL WAJ
_ 0 o By | T T
aﬁ ﬂ wlA_.O Jl \Mﬂ \AH ;OL ;OL m__A ;OL ..:O
oy oK ol B 1n_,_Au_l TH T A ~ M 70
- — W o
K o o 2 m v M_Mo 3 i ﬁﬂw T K
TR 7o ploor OGN
W Wy o | Hw R | WO o
TR R F | WY IR | I RT
| | | | | | | | | | | |
- T
0 nATL T
i N & =

)

ﬁo
W

O ATevse] ge 228 #4849 052 CO2E

R

g3

=
=

71l A

A

d

ojn
ox

™

fife)

W, HE

, 7t
o AA Zh=

shso] A7

B
=

2 ATedEt 7

7k

EE !

o

A7+et7] 9

=
=

o1} COz

-
=

s =7 =2A

=
=

o] BAHom ol

el el din]sfar

o %

n-

o

4r

4r

ol Aok

- 123 -



A2d AH-A L9 B3

oH

Nlo
o

A

o
il

@)

714 oF 1241 9]

olo

RS

9]

O AFA 3A Apake] v

o]
B

o
pls

rvze)

K
o)
oF
il

d 83t

171 =70 2

24

O 2 A

59

of
el

Gl
)

4r
<)

%

0

.
fi%e)

wjr

ot

A 7F A %=

4

7N

FAY <k = 7]

5]

o
=]

o]
2R

7g ©]

=
o

A 7ol Wold 7h

ko3
T

Ay 5

o]

A

F2}(fast follower)

=2 =
- T

CERER

bobg

3}
“

Bl & afof

s}
o}

' R&D

£y

% 4

>~ o
E/}:T%E

-

A
L

il

A glo]

- 124 -



Qs

e =71 T8

S

LR

=)
=

-
R

=i

)

/\o]—

7] %

4r
N

XEI

S 4ol

=1
=

o 2%

3

A

AW FAA YA 2

1. A2x=7tw 57 &1L A F

(a8
)

il
~N
I | R
] ol
ol | o o
AR
| |
| @
<h K
N X0
X
I %0
I- < F il ol ol
2 (2% | [m]
1o —
m % = M
L 3
ERCUNN I+ =
| | | | | ] mo l_l__ll_
R &
T w
R |
o
o g 3
- s
RO o .& T
=3 — 0 o
= K e B
o <l RO
N = |z

2 A9

A

)

ol
Nl

—_—

)
)
b

T

ojn

B

—_—
fite)

s
iz
sl
0

il
N
—~
fite)

pul
ol

0

ToR

- 1256 —



Mo
]
il

7ol

il

B

O FAEINEARAY 0]

FpA] o] o]l WEEA] 7] 70

%A EE

=

fol 712 ZA3A

<]

2 A8

0

S
&

%l—

)

7]

3}
of

< 2012 7o @

=

717N
3]

715 A

I
vl 5% R&DFA, 70 71&

kel
o

%387l =7 A8 577 Initiative(2008.8)

g el Al =E 7

E

2.
O 577 ¥

i

ojn
ox

1
of

201274 7]

.

R

S7le 7

577
7= A

R&D o 1ke] 509 =

-

R

Ad7les Ads A

G
N
)

oF
el

)0

3 3}

=]
T

™ 7le 2ok T 4MA Zok}l wUlsRE Vs

aho] Wzre] AT} o AMILE
Wop F AAA WA olux 7 Ao}

ol

Sl

3}
P
=

s}

;

o 74 7]

=]
RN

R
)
)

1

e}

piid
=
0
i

—_—

0

o]
il

- 126 —



Azgle] AT )

1o

ﬁo
B

=

miat

)

o
il

vze)

B3
|

~
1o

—
o

Tor
2

Tor

!
w

B

A" =7k Hld A E(2008.8)

HAr

olaL the

HH

ojp
o

il ol =]

K

5

= 43

4. FAAEASHAAE AHH S E TN S 7528 9 93, 2008)

AAF= AHE]

]:]E]_
o2 WAFAel dou, AL FEGA

=
o

O H 597H02~'06) F-=lvhet A&7}

3} oy

e
| .

#l

9

2]

S|
&

s

d

7

=

lo] ole] 917 z}eo]

o
~
Nlo
4

G

A]

5. 7] &

0 %7471%k

ol

oF
E

s

d

zebe 75

HEAZY o

- 127 -



A

~
HO

o
E
=

;.OH
o
ol

=K

ToR

BEAL FANGWEY T5

]

[e)

s

O A=E9] thiA] o

N

el
md

H

nal
i

)
—

[ & A A

wK

o

—_—
fite)

O =7}713k

R

—~
o

—~
fite)

=AY A7 FGEA 483 A

1.

o] &8 %(5,000~30,000% /A1 H)= 7H

ik

o F

<]

o Ap7]H-

oh
Nfo

G

ea
M-

il

— 128 —



B

B

== A

Fof Aol A %

2 o] g3

LSM

olp
oX

Ll

—_
fi%e)

B

THAo=

A

£95 4§34

29 x

To-

)

o
)

"0

B

o

©)

350km/h =

2~
=5

L&Y

~
©)

d KTX-1Io] =A 7}

)
RN

O HiF| Aoz A

A4r

Ao ool

+ 10%1

O KTX-II

).

;OU
NI

)

shof A

, Wk

0

o

ojn

R

_L
fife)
ojo

"

- 129 -



HEALY

M
ol

-

3. AAY 1

=
n&EA

EQ& g Fad dgHsta S

o

i

915}l

o
=

=
=

R I R
oF R&DE

.6D

-

4l

=13
=

F A

Ton

o
el

—_—

2 Abge

Kl

S=(KTX) 7H&

G
&

w3

©)

o
A

"
o

—_—

0
T
qr

%

o

S 7hAT A AR o

A3 A% 500km O]

=
L

A}

bol7h vhs 2

o
Ar

g ol 400km/h W) €] <]

O gz v A 27 HA

2~
e

e

o)
iz

BE AT ol %

=
3

s

of @7] wZel ool o

=
=

|&50] 2 §2

7
o 2o} 3

]

A
j=

ol

9l

o9 AT7HA

€

=il
=

AT AL

3

KH

Njo

4. 71A <4

Z 114 (super—-speed) E=AIZF AH7)

Rl

O]—O

A4 550 km ©]

©)

o

- 130 —



o
[F:
glé
&
ME
e
ik

f 84

=7 AT

(19 3-2]

Ho
frodl

1

e

__AE
il

)

O 7]

ojn

R

M

0

ol
X

al

Fol 27t A%

400 km ©]4+9]

e
==

AR A

g

Mo

Bl

JJo

)

-

A 2

el

71E

S otof

PR

3]
=

500 km, MLX(¥)+= 581 km A

=A%

Transrapid(%)

A} 219l Transrapid

2004

Fel 20177

%3

Berne-Nurich 7t 114km X419 Transrapid<

=
— =

O 29

oH

o

o
Ho
o

- 131 -



AS 30 kmol A 40 km=

3]
=

ato] Al

‘?4

]

v &}~7

= ==
= 1

jom o

o

al

—_—
file)

=2
Hr

el

Nfo

)A
Ho
.

XO
o

o]

California-Nevada

ke
T

o v=

171 /IR 9 A7]H

54

O Wb, oA el

A BE B8

=]
£

stz A2 2k "

719

) A AT QN A 9

k3
pud

4.3

550 km ©]

e
==

=
—

=
=
o
)
=

M

- 132 -



44 3 AY

O 1A (2005.11~2008.12, FA 4] ¢F 504 <€)

s

Lx

E
=

>

B2 BAF F2 A 9 A T e

=

-

gl=rf= =
A=l

S

e871H) sltelol 23
IS il

Mel=))E=))

FBIS =)=
M=

i, Y ors gl i

=2 AJIS &SR
[EAHE] M= < 10m)

I3 J1= TET S5 AFES| J=E
AFAIZ JHE % T A A T

A7) zpe] A e (29HA)

— 133 —



45 @+ Mg 43

O 19HA:

1) A e

2 H] 1 50¢]
© 2005.11.1~2008.12.31 (3d 2714), 4]

- 7%

olo
B

o
N

e

)

E!

=K

el
=

%0

B

o
N

- 134 -



5

41500 mm

i
A

o

0

%

D A4 550 km &

®
Bl
20
1k
oy
3
s
3
3
(=3
n
=2

Eank

&zt A RFH2008)

il

- 135 —



O 29A:

1) ZA A

o7

24¢]

'O]:
M |

: 2009.1.1~2011.12.31 (&F3d), A7"¥]

-

oo

B/

o
N

A4

A+

SOEREICESY

AA B A7) A

GAZ(~10 m)

)

[}

, ST

[}

=7HA R

7] (A

k3|
-

- stolmel= W R o] A

Al 550 km A%

(A4 550 km Eo|+d A% 7H19)

- 136 —



[1¥ 3-8] A=A

oftt

- 137 —



S|
ax

3

= ) AR dA

|

Azsw A 8

ol v (2)) A7 2 A%

HE AlofAl =8 A 8oz}

Alz=gl A7 g AR

Sa% WA

Az (AE=Z o] 12 m)

=i
=

Al

ks

o] (Section Control) 7]

Al

s

A% LSMe| ¢

A
H

/\OP

l

- X

(29 3-10] @A (~12m) 1/4

— 138 —



5. 224 7| EAY(ZnEFEEH Q] MEAY)

Contactless energy
transfer system

Linear electric motor
and gmdance system

Magnetic levitation
inductor

Emergency guidance’

and braking system Emergency payeaient

- 139 —



52 @+NE 2874

Aol wl

|

&

FRN 25 e

)

24 25

A7

&N
ch

A2 9]

o]

l

T

FEEY

S = =
Fal=

©)

57] of ]

S

¢}

2
A k|

e

-

s

-

R

A4 (2-e0¢
B o
SERIR

o H

& A7) A 2

Fol

]

<F

1o} mE e

o

T

O LSM(Linear Synchronous Motor)

K
4r
—_

Mo

=
o

LIM(Linear Induction Motor)*®2] ol

17F A&

X

¥

O =Ue LSM 7&& F2

<
=)

H

o] Fx3sl= EMS(Electro-magnetic Suspension)

)

[e]

i

171

o] 2}7]
°

71 A&

sebeel AEEs 2 7EYe A%

7]

A

}+= EDS(Electro-dynamic Suspension) 2
A

]
A
2 49)

H el A 5
SEE

Far glom, el A

}_

7

l

=
6]

]

g Q1 A=l o] A 9
oz

=
ki3

]

[e)

7}
= Ay
HE

o

g

O ¥
%

()

|
N
4
B
)
mﬂ

ted

I3

7] ¢

1

A
N

=

=

o) sebue

S|
&

Gz, 4

)

of wel W3}
- 140 -

o

L=

3 A4, A S



1410] 2

3]

&)

714

3L
[¢)

EEREERE

ol

];]_O

4
o

it
fi%e)
oy

ol
R

of o

do

A Al=H A

-
1

.
AF=

T
"
B
7
!

—

—_—

o
-

!
4
o

—_—

0
N

vze)

py
)

fite)

Ne 29

0

9/]}

1=])
=

7184 R0 ghetrEr o] 2l

of g

5}

Mo

ZEE

il

5o

JJo

ofy

o
~

—

<R

JJo

Uz

o}

TR

fins

<]

oF
T
Y
&

i

o
Aqr

~

;.OU
o]
il

N
ToF
o
™
e
el
]
LO#

Mo
=K
xr
o

T
Mo

!

o AlaFloR, Azt

5
o el @7k

=
=]

Ho

ol

w0

qr

i

AP ygol 2

7N

>~
=

]

7

al

BA

AT AE7E

AA Y A7 %

)

5.3 Ax7|ed T+

—~
o

22!

R QIE o] 20 2

2" g AA

<
o

st
w

K
b

—_—

=
;O.ﬁ
<
K
3|
Mo
o

X

ToR

71 2A

&N Al
=

o
)

0

=K

5

R84

3 7

Al Z~Eol o

s

)

E
=

o

2=
all
el
Gl

- 141 -



-z=mes MG 2lU o

= | = 2| L
St TR TIE B
e T ==y =iy olEm]|
=

O]l A Fl=THeE

' 7|al(q)|7"ul-££
== S SHEFE O
Al 7=

= =(enmp St Eaay
Kzl sty m 2= 22t
olE SE= 5to AUS

X d=

(139 3-12] =315 FEREH] 7|& 7

oF

i

54 dAE d7 A¥ L HWE&EEF 2°F)

1) 1x3A E(2009, 11.297)

— 142 -



sy 7% 24

B/
A

a4 7]

ol
P2

Al

T
T
Ho

TH

S

N

1=

- EBEHC A~

E]

=
N

Az (7]

=i}
=

SECE

)

=

A
a3

U

2 &

=

=]

}S]l
o7

J o
2% A

CE RPN
kel

[e)

|

5]

Eols ol

]

T
2~ "] o
— H

714
& LSM Al AA(%H) ==

2w A

LSM Ao

[e)
X~ H] o
-— A
Al

2) 22 %(2010, 11.99)
— }\]

ﬁo

Jo

— 143 -



» FVIAE (SR, E7IEE, WAE]) HAs A

h8A vl E1AF 10% B2 E0 48)
WA APEAE ol §F FH W AFEA uE /143 AL

o}, 924 % 200km/h~520km/h)

ANazeb-pF Qe o]~ A+
- Alz=d QE o]~ A A A

gh-21aF AEjHol A~ detuE B4 2 g Hr}

o
[

FHREHRE A=k Qg Ho] 2~ gepwy 4]

Al =¥l Integration ¥ X213 A1 o]l=

AFY 248 AZGRL W 0

- 144 -



- HYFs EHEF #7047 Er)9e Ao

- A Ry

LG R Ed FAEo

p)

55 97 M A=

D Al&=E QIE o] AT

- AR 8T ob7]e A

ot

I
2
ol
2L
o
kol
o

=4 ¢85

| High

Maglev

Speed Tube System

[

Control System

Guideway

Additional
Construction
Facilities

@ Propulsion

£ Vehicles an,

2 Energy Supply
&

8

& Carriage Body Substation for

and Equipment Energy Supply

Guideway
Girders

{Tube Structure |
] i it

Inverters,
Propulsion
Control

Control of
Infrastructure,
Communication

Guideway

{Tibe Structure |
d Equipment

Foundations

S AHEI0IE

A= dloled

ar
-

@I

[ssteune | [ amms | [ 2o

(1% 3-13] 214 HHE# A2

145 —



Super Speed Tube Train QFD

FENE SUAE 24U OHY
T B = =2E
5 HOY
as - Ismz|2 SRl ReaAs| o 6 28
1L1F31.2588 =
/5=
HUA EE L4 o (=4 o Fal
LA 25 (=] Fa¥ @ (e} O Fay
ES s sy (e] (=] (e] Fat Fat
= L4 (=4 (=4 o Lo Lol
HENA =] (o] @ (o]
=gH0 (o] [o]
ALTSIEEET (o] @ @
H3H= O L=
E=try LBy o o (e} o L+ L]
orE s o
(Hatd-ed. o Al A)

[79 3-14] 23115

2) 700km/hw 5%

W,
)
N
x
o
>
[>
juti)
N
>
=
(i3

= A4 27 4% B} 98

— 146




3) FHEHSQ Alxd FHAA 9 a4

e S e I

RA-3D, KRRI Railway Aerodynamic Simulation Program

Search Options
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Search
Search Results
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[KTX 2 TEST MODEL_SETTING BLOCK stp KTXIL_LIB-G-Ru-Re-Wau.msh.gz |l e-Wau-300.cas.gz
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Show All Resources | Open Resource window | show all Meshes | Open Mesh window | New simulation | Open Case window
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@ Support magnet @ Stator pack with motor windings

@ Linear generator windings @ Guidance magnet

® Eddy-current brake magnet (through brake) ® Support skids
@ INKREFA sensor (vehicle location) Levitation bogies

® Cabin suspension @ Pneumatic spring

[719] 4-2] Transrapid 54 % <hj A~

= 947IN7IH AxE mE AR Jlow, sgaket 34 Aels A
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Eddy-current brake magnet : A3 -57] 1FA] A3 A5=HS SH}Y
skl el AR g

A/ A 2=7] =(support skid) @ AFHE e F3E FAA] AFES A A5
v BAIA717] flste] A A

INKREFA sensor @ x}# €%, %712 ®E(ong-stator)®] A=Fx =4,
A 2=gl Aol A b B FolA o G AAE St AXH

g oAt

Cabin suspension

T~

ZAEREEA - SM Al 2~"E(MLX i 2})

AT Ao @A 2dEvadES Ttol=dofdl HAd W

)

th 2} =g < (bogie frame) : x}A| o] &=
Components of the SCM frame(cross beams) : #¢ A% nlIUEES A

Aske 712
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components of the SCM

tare weight supporting car body
frame (cross beams).

X(upper resilient mounting) supporting
= air spring  air gpring

longitudinal anch
(to SCM frame)

(lower resilient
mounting) air spring—

car body supporting

a . active vibration
air spring

control actuator

guiding gear

tare weight supporting
(upper resilient
mounting) air spring

[2% 4-3] MLX iz} Al 2=H]

W 7R - LSM Al 2 8(GA Yl

Sz 298
023 WA= WAF 8ol B7) 2xgst gAlel B7] walvl, 479 3
F7) 34717 AA o) g
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O BAFxEH AAAtele] AdUld Zbes do] 7hest aweE ¥ &
3 A9 F%5 99 (magneto-rheological damper)el]l 2] &l = o] ¥

O 44 B/N2EYE BYL AW ske] Aol

Vehicle chassis interface

Air spring

Elastomeric
connection

Interface

Air’oag\\
.

Stop Bloc

Anti- RDI\ &
structure '&———-'h

é_ Inh oart: Brake

¥ Wheel 3
Levitati on 2 Propulsion,
Array

- 162 -

Kl



O = AW pivot +x2 3 % 42 pod suspension 1670(+%H : 874,
T2 NE AA st 73 2 2 IJHAA FALE =Y T UEE 4T
AE =

O thzte} ZA Abolell cabin suspensions AAste] FHA FATE wA F
NE=E 3

“CABIN®
Gob SUSPENSION
SUSPENSION \
A : ; , LaMINATION
.
Tl | MOTOR COIL
!" PERMANENT
iy MAGNET
—— LEVITATION .
WoToR CONTROL COIL
FIELD

: — LEVITATION
= R : - I~ » LAMINATION

GUIDEWAY /

TURN
ARTICULATION

CREST/SAG
ARTICULATION

[28 4-5] MagneMotion Tt} A] =€l
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Removable
centre floor

ight alloy large profiles

Screw connections
window profiles

A\

Sandwich structure

Screw connections
Fig. 1: Cylindrical part of the carcass structure underfloor structure

(b) 7Al¢] A5

~ 18 g

(¢c) TRO7 =pA2] A
[72¥] 4-6] Transrapid =}A|
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o FElel FAT £ AT MLULS sAe5E NA2 9o AAR o
T& Fhol=slole] @ Aol YEF AL g5y A% T WA
S)o 913\l of stelie] o wFel Aol 7%

O oleld o] f2 o T & stol=slo] tjale] Ud sbo|=sglo]7h 4 &5lo] v

FeEfo] AA7E Ha MLUS Us U E 7tol=9lol 29 WstE 9w gt

N

g noa wgﬂ f=]=t=le
TP | s

AN

[29 4-7] MLU001(3% 134 |=h)

<3t 4-2> MLU001¢] Al¥

Carbody dimension (m) . . . .
Lengthxwidth=height Weight (1) Number built Seating capacity
Head cars : 10.1x3.0x3.3 10.0 Head cars : 2 Head cars : 8
Middle car : 8.2x3.0x3.3 ' Middle car : 1 Middle car : 16
Superconducting Coil(SC coil) Max. speed .
Magnetomotive force(kA)xpolesxrows (km/n) Site of run vear completed
2—car : 405 | Miyazaki Maglev .
700%4x2 3-car : 352 |  Test Track 1980-82
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(29 4-8] 719845 Algd a2 MLUOOL

O MLU0027} 543k o] 3o = MLUO0I-S 1987 HIAZLAAFA S 98 &

ofAAL, AT o] Foll 1989 el FT]H AT A S WAl AR

W MLU002

O MLU002+= MLUQ001S thAlst= AlgafaFol ujge] AH&38F 2pafe] 7]H A

Az wdel] g8 AA Fee] dAz AdE @S Fto] 448

542 A% AAo] wiag

B

O MLU002E EAE71A1], Aol A #47] Als(magnetic drag)sS =°]17] 1%

BAEAE B SAS FEATN7] AF gAE ARkl 2= v

=

—_

Y EZ g3 )3} (resiliently-mounted SCM bogie)d] Al 58S 433t

191 MLU002= =33]= A3 5 ALz lste] stz dAassds

[2% 4-9] MLU002
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<3 4-3> MLU0029] A<
Carbody dimension (m) . . Seating
Lengthxwidthxheight gt ) MUt (Sl capacity
22.0x3.0x3.7 17.0 1 44
Superconducting Coil(SC coil) Max. speed Site of run Year
Magnetomotive force(kA)xpolesxrows (km/h) completed
Miyazaki Maglev
700x6x2 394 Test Track 1987

B MLUOO2N

O MLU002¢} 719 #Z2 A& g MLUOO2NS t 2= A5 74

Festel  xdm  mavES  GAd dx

>~
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=

N
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A 2 gA

(resiliently-mounted SCM bogie)S 7} H.T}h

ht

FAA sk el He A1E
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AES F3st 1995 MLUOO2N &
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22000

[2¥ 4-10] MLUOO2N
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<E 4-4> MLUO02N¢ A<

Carbody dimension (m) . . Seating
Lengthxwidthxheight Weight (0 RUGTIOE (DU capacity
22.0x3.0x3.7 19.0 1 12
Superconducting Coil(SC coil) Max. speed Site of run Year
Magnetomotive force(kA)xpolesxrows (km/h) completed
unmanned: 431 | Miyazaki Maglev
700x6x2 manned: 411 Test Track 1993

B MLXO01

OAES 9udtiz X o]yAdE zhi= MLX01S ofubupa] Algd ZojA 23y
7] $1ete] AR A7 HAEAHH D 5Fe R WA )olH HFA= L&A
e F7|9e s Fol7] 93t aero-wedge, double cusp % new
MLX01-9019] 4|7k dej= dA4

O 23 AlFg oldste] ST 4T AT MLX01S

AL
AAE =, vokA7] AlF A Z el MLUO0OIZ MLUOOZ2NO A &3] HE &
719 AET T2 EEA 2 A H
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<E 4-5> MLX01¢ A<

Carbody dimension (m)

P T Weight (1) Number built
leading car : 28.0x2.90x3.32 long leading car: 5
standard intermediate car : 21.6x2.90x3.32 intermediate | standard intermediate car: 2
long intermediate car : 24.3x2.90x3.32 car : 68 long intermediate car: 2
Superconducting Coil(SC coil) Max. speed Site of run
Magnetomotive force(kA)xpolesxrows (km/n)
700x4x2 581(result) 1996-2002
3. 7YAFFA /e
O TS HATH2RE FAHo] A =7A He= o=, o] Aol wetbA
WEoRRE FgoRsl 248 & dw FAPYS S 4% AF Yo
NedA e Sibol ejste] A7) WEe] B 2 wA| S
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~ 20m *} |
MLY SPC [40KM{H] N
Tiinee 0.875 Fringe Levels
Contours of Effective Stress [v-m] 1.251e+02 _
max ipt. value
min=0, at elem# 2711 1.126e+02 _|

max=125.148, at elemit 26949 1.001e+02 _|

B.760e+01 _
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@® Support skids

10
Levitation bogies

[1¥ 4-19] TRANSRAPID®] ©@H %

@ Support magnet @ Stator pack with motor windings
® Linear generator windings @ Guidance magnet
® Eddy-current brake magnet (through brake)

@ INKREFA sensor (vehicle location)
©® Cabin suspension © Pneumatic spring
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571 Aol osto] ZEo]l wAsH ol 5SS

el E MLXO o3 725 (29 421104 RAFa 3

MLX®] Wizt a3 e fsto] 2Hd=x44(SCM)o]l &4 A4 vt

QD Aol SAolw A7|HgdHe 7t A AU er A7) wEe o=

Oz, 1 £ 180 242 "= dAste] Ao des Eol= 23s U=

components of the SCM

tare weight supporting car body
frame (cross beams)

pper resilient mounting) supporting
air spring  air gpring

longitudinal anch
(to SCM frame)

superconducting
(SC

. DT
lateral’anchor : bogie )
3 \J </ frame . ° S
longitudinal anchor /S5 &

(to car body) \R\\Q’?@iv

SCM supporting =
(lower resilient

mounting) air spring SCM frame

car body supporting
air spring

active vibration
control actuator

guiding gear

tare weight supporting
(upper resilient
mounting) air spring
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Ot & WHo == [17 4-22]9 o] Awrey 23 vhssd dA7H
%] (semi-active suspension)= 483} AlFstH o] HIlgA = [1H

4-2315F e A ANE o) GRS

(for vertical
v1bratlons)

o s
adjustable damper e N ‘\\
(for lateral vibrations) 7 semi-active
L [ ] L S | controller J
7 \—\ vihrations) o

et

B ||

ﬁ ; accelerometer

|of the car body
(for vertical

adjustable dampers i

for lateral vibrations)

adjustable dampprs
e il | nibeatinss)
i accelerometer 1\ /|

i of the car body
i...(fox.]Jatexal vihratians).

(29 4-22] vbs5d dA7PdA 74

i adjustable
> O damper
Sxpannion compression
S VRIvY unload valve
T
proportional e
relief valve LEJ tank
_orifice
[ o )

[21¥ 4-23] 7}H 99 (adjustable damper)®] %
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A% 34 A (analytical) 2d® 7]
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suspension
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Car body No. 1 Car body No. 2 Car body No_ 3

Z.3. 6,
Ze1, b Secondary|Air spring Ze, G EAE
suspension Damper

3 %0 5L Ry el R

—— Zul. G . Zy), G
susPensiﬁﬂ:E%/ /%/ f /%J /%,
Magnetic x
spring Bogie No. 1 ¢ Bogie No. 2

(19 4-25] AR RFDA AT HY RAZH)

O Fade] &t <apztel oW J&FS vA=A &7 flste] dE
[ex]
=

Yamanashi Al @d =] A7]FFAxte] W s s FHs o

GEAEGS A ZEagelth FFe BA, ZAE P Y Q2E FAE

X

| ey
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H =
O W= A&std uix7b gl Jid AAGA oAU AdEE uixiol
General AtomicsAte A&t 27|25 g2 G724 & o] &3519

Pgse Ade Hestu Qor, [0y 4271e 1eF Ande g

1

O Doll & General Atomics®| &TAA & o]&3 A7 FFLae Fazs
H7rsk7] §l8ke] MSC/NASTRANS o83 tafie 59 sids 3
stglom A mae [17 4-28]9 2o

O G7AA el 93k 32 Tl me AN S AEstAL o A RdE o
g3te] £ Frbell whE FAEId AFHS sMeaen w3 SAzte

ISO 2631 wel B 7bek &

Air spring

Elastomeric
connection

[719] 4-27] General Atomics®] A7) 5-AF<E=F )=}
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THAME FHde AlEdoldd td A7t 2ds] JAPHa oy =

O el mReAE Reha Qlrka And

4. FJHEA T

41 A7 &

80%E A7 ¥
O ulFIsh AE Alole] Mol @ Age] gl APFAA F
AN ol FHAGL 4] A )

&
O The o Wolrh el HiolA weEojof s
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X 4> AVESEA B A U
FHAT|E =L A7
=R
(Aerodynamic 3700 e|st ol M& MES 24
Drag)
== Ul MEHEO} OIRIIKE VE 2 YBe FE NE
(Crosswinds)
otad o} _ _ . N
Ut DEHEol OlXIIXIZ EER MAE of ¢dMst= 2|
(Pressure Wave)
=8 &g
(Aerodynamic % 2o wat xEF 2 A EE el gdMsiE ASEA
Noise)
=23 M=
(Aerodynamic HHXES 25| MSHo=zE EIEs5t= get
Braking)
=2 Hof
(Control of slol 2HSE ZWalD sldsir| 2 wet
Aerodynamic
Effects)
=2 A7
(Aerodynamic MA ctAHOAM 2o EMES OISt E0|7] @& ghet
Design)
4.2 ¥ 3 A3 (Aerodynamic Drag)
O Peters= 8 A4S Adoy)= 479 F8 FEOZ 1y
<HE 4-8> A7|HGEA B FE A gis v
Fe 2 A A H|2(%)
th Ak N &H(Bogie Drag) 38-66
E™ ol X & (Skin Friction Drag) 27-30
X & MZEE X &(Roof Equipment Drag) 8-20
otad & sH(Pressure Drag) 8-13
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Otz FEe Uk FAol o WA= Ay Amele] 7H4 (interference)
of &% Aoz urw ol A=et Ak Atolo] Aol ofF A2
w9} 22 Alo] o] W (turbulent flow)ol] o] &l Ayt

O Fdvkd FE2 AFEUS web A (viscosity)ol ola] TAet= A
(shearing stress)oll & @AstH ZpaF FA A H|dsty 2 P4 23

&5 zpge] L&t sl o olx =4 (Reynolds number) 4o o}

) = gl )

O A% AHFE AT Oﬂoﬁﬂ, A7) F4 xSl o dAsH oA g
& 2] AFH(nose)ot FU]H-(tai)e] FAlol oaf WA, xpake] Zo]
o= W dgko] gle

O T3 AL AFHE wgt 22+ J7F A o7 (vortex) S LAY 51A]
FEE e A9

Fy=0.5pAC,, V*+0.5pPLC; V*

= 0.5pAC,V? (4.1)

oK
N
il

%= (air density)

: 2} ©@H A (cross sectional area)

SRISGEES

2
o
.
W)
i

# (vehicle perimeter)

A 4= (pressure drag coefficient)

S
=
i)
)
ot

© WA S (skin friction coefficient)

9
K

2
L
&%

) 7} %= (yaw angle) w7} Z=A]3kthA
Fy=(0.5pAC), V*+0.5pPLC; V) (1 + kW) (4.2)

k : 3B A A% (yaw correction factor)
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PLC; (u— V)?
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(1-R)?

A(C, + R)(u—V)?

Fy=0.5p]
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0.455
(10g10R€ )2.58

Cro =

W o

22!

ki3

I Brockie®} Baker’} 4F=

9]

of o

1/76, 1/40

)

- 191 -



™ (4.5)

G, = v
(log g Re)™

- 0.128, a, = 1.814

AA A CpE 02 HA BE e o dAFoRE F AR 5 OdEd 9

BAEZ A9 03 Hik 4ES 7)E ofH S

v
o
K3
UM
flo
o,
Jo
fr
Y
o
)
-
il
r>
ol
ol
rlr
=
rr
2
A%
oo
o,
=
il

4.3 Z%(Cross Winds)

O Cross wind &2 Side gust aerodynamic loading °]&t+= &&= 52 3
D A FA, vtEe £ 9 wEky #A7E 9lew 150~500 km/h o] &3
oA FHo 9%t AE-M A2 (Guideway-Suspension—Vehicle) 2]
T4 SHS dsle b A (Stabilbity) ¥ A5 (Performance)s 24d35t7] ¢

2k (bogie) 2 A =3 A (suspension) 7% 2 FA AAES Y& W 23

A7), F7F2 Al7|(intensity) ol AstAl &S 7] wto] FT& oA

7] 74 A% (atmospheric boundary layer)S RAFsH= A2 wj$- o]H 7] uf&
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O =H(side force)AlF ¢, FHift force)AF ¢, 29 EHE(yawing

moment) Al Cy, ¥ A EWE(pitching moment) Al ¢, 424 o3}
2
Cs=Fg/0.5pV?A (4.6)
C,=F,/05pV?A 4.7
Cy =My /05p VAR (4.8)
Cp=Mpy/0.5pV?Ah (4.9)
Fy @ Z¥(side force)
F, o E(ift force)
My © 89 EWE(yawing moment)
M,y : 9% R E(pitching moment)
A = WA (reference side area)
h : 2= =9](reference height of vehicle)
Mzgd AAE 93 59 Fg 32 QAEWE M= vS3 2
Fe=0.5pV2A(Cgs+ Csp) (4.10)

Csg * side force coefficient due to slender body part
Cso + side force coefficient due to crossflow

Cys * yaw moment coefficient due to slender body part
Cyeo + yaw moment coefficient due to crossflow

I, * length of vehicle
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ol
o
b
=8
<
frt
o
N
o
kl
%0,
k=l
e
off
o
N
1o,
I
ki
i
07
=l
0
o
R=)
=)
o
10
o

HEE Ve b= 25
V, = (V24 V)2 (4.12)

ZF=Foll Ul side slip angle g2 Wlgo] & o slender body partel <2]gt side

force coefficient Cgg©t yaw moment coefficient Cyoi= Tha3 25

g=tan (V/V,) (4.13)

e A N (4.14)
1 2800/ N2*(1-22/3)  z<1

Crs =5 Css {2@@1 -)\)/3 =1 (4.15)

r=Vt/l

o A AERE] o)
A =1/h
A=1,/h

side slip angle g7} =7}3to] wa} viscous crossflow? &S Axw 71 &3

1 [e)

+ =¥ 22 side force coefficient(Cy-) ¥t yaw moment coefficient( Cy) ol

Csc ) (4.16)
2k
(Tﬁ /0 g(o)do 2> 1
Bz
) (%)/ og(o)do z<1
Cye ECSO ; (4.17)

- 194 —



k : configuration factor

g(o)  modified Bryson function

configuration factor kT =& TWAIY AFHE FAgo] FHo] glom,

modified Bryson function ¢(o)% S (laminar)91 A W

AXJEH]JLA
R =
O 1% o] HIS Xe uf gt uprl zpke] ok

(turbulent)?1 Aol w2}

Bl Qboll M A s,

4% Fole 4 Park BAICAE} B 78 B 9 4y o

Z(pulse)®] WE= Qg FA 3 (boom)o] LA, AF3 FAdA= FF

ol A7l= e E7olA e bS5k kg el vl

O olel @ el el dewss S
& HY T AL AF AT WA 7
29 4 glon, Bd gude 27 oM (double
%) ol% $AT F Yok B FAbl B vl go]

N
o
of
{8
b
o
&
H
o
»
®
=
H
o
Z
=
»
e

O &Y 228 5& o]e(flow separation)ol] 2|3+ ¢}F3

st Aol A=

Aol BHES JoIA Hw o]y
il

Ast HlE FetE a2
trackoll &l 100m>*#H

Sol7H ¥

& (vortex shedding)el

o WA, &L A F99 WF{ 4 A S (turbulent boundary layer)

01 AAE £E9 6ol HASY, FLLAE FF Aol FIAANE WA

s, o]k we 7l 27| AAGASFH a1y Eoof st
"]l FRA(Federal Railroad Administration)ol] A<= X}
ozl Aol A AHFASS 73dB olstE FAA I
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A7 Alscherel 2

O Transrapid 069 7Z-$¢- & FA o2 RE 25m "o oA 84 dB ©]

5

o] 11 =}

=

)

I 100-440 km/h

9]

Transrapid 07 t)

' Schmitz+=

S

:rL

B < (linear array, triple combined

2
T

oA wholaw

ol

linear array, cross array)

Q9l(no sharp edges, no bogies, no pantograph, no

)z
coiling vans and inlets)®] #4&

37,

&

O Reg$

o

1

& %

o)/

} Transrapid 07¢] A&

= O E I
o= o©°

i

Haugon A&oM= F= 7
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Ho
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EF(flow separation)¥ 7+

FAelX 1
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H
el

o

o]
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olp
%
ok

= 4

P2 gkom ) A X o] 400km/hell A

Al 3]

"
=

Nro

4.6 33 A= (Pressure Braking)

(Pressure drag *¥ form drag)S £x9 A3}

&}

og e A

of| A
A A (frontal area)ol H] =

T
Ho

B

(4.18)

VQ

o

0.5pAC}

Fd:

3| A A F

s

°]-&

1=

<

(regenerative braking)°]™, ©]
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SEEE

- 2= S22 (vertical) WaFolut Z(lateral) o w Al Ag oo

dEoM= THASHES 7H 1/25 A7]e] A7|Fgaa Rdo] F& dolA

e

Alg Helem, MLU 0013 MLU 002N A=7] R o] Miyazaki Al =40l
A 350km/h 7HA] AT = =

4.7 FH A o] (Control of Aerodynamic Effects)

O &9 3Axel Hldlete BlEdoA APE= g ate] ke ulE HAash]
daiM Bld ol =€l h
ol 7Hfi A= T719s HaATE 9ES 3
O B <oto A= bypass®t side branch7} 8 FulES A A 7= AFEE

gom, £SEFAL B Hol ANY FE UL

O 2 7}A Wy Eo] Sanyo-Shinkansen =4 2 2}7]| FAFE 2} A& 2} afol] A&
HAL FHASE o7 Hd 25T TAET A= ok FiEd AXE
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A8l 71(longer) FEjR U= £ ] o] ¥ -&(broader) &

N
o
ol
P
o
A
o
Ll
2o

gl AF HdS vEe Aol fEle

O atx vt 1% A Zx 7F=t}et(long slender) FEj7} 2] &t 27 A1
o] FE Al Qo= 7IEe vbF A Y= Ee] M 2~3 A (suspension) Al
"ol Aidoz  f{F&dHcompliant) Aol EAolofx ozt AFE

29

350-500km/h &% G A71A] 3 sfoF &
3.8 ¥ A4 (Aerodyanmic Design)

O 714 AgS =Fo]7] ¢35}
- 2 2~¥(sharp) GEHEXE F&oF g
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2} 51 (finite difference scheme)< ©]-&3F

- Z#¥ Z3H(Graphic result) @ AlEHoldo] Fads AAE F v ALEA

Al o] 1] (meaningful) 22 2} ¥4 (intuitive) & &2 A & = oF 3+

A2d /AW AEHE

1. A 7<=

MLX-XX Transrapid-07
A7) R AAAH f
(=) (=¢)
» M IMFEY » 3= ]RHA o
Al (Capacitance Type)
iy » SH22EEE > It AXEE H
(Servo balancing type)
& KA » 2T XY » XA e A 5
i » Coreless & (Flgd gkt RpSubsk 2 x|)
ot = 01| 0| E » 32 dZ YAl 2 AFSH
T (B2 =) > HZburAl Rpol 2t
» CH AFEHR| A o
» Z9of 2Et A » SALOHY =2IH o
S AL/OFLH et A& > 42t X 67 = A Of
e /==
(4 Edge/ 6 D.O.F. control)
il ! > Null Flux 4] > ZherAl: Rjotd 2}
» Mol 222 » U DRMHO: AS
(Fail-safe control)
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A
st
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2% FE7E v Aol Thol=4ol e F

A gL ek o] mdel 7]

w2 g

linked flux
increases

decrrcases
v éé;iz/ bogie E?\E?
superconduct ing y
guidance coil coil % \
flux
e N
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current proportional
to net flux coil arrangement in cross section
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Eddy Current /_\
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<3 4-13> TR-06 : Linear Motor

Max. Thrust 85 kN / &k (850 kN/10 &)
Motor Current 1200 A
Motor Voltage 4250 V
Frequency 0~ 215 Hz
Pole Pitch 258 mm
o mat Cu 150 mm?2
Winding Cable
mat Al 300 mm?2
Max. acceleration 0.85 m/sec2
Mean. acceleration 0.60 m/sec2
Residual acceleration 0.23 m/sec2
Max. motor active power 11.5 MW
Max. motor apperent power 15
Max. motor active thrust 857100
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gl + g3 = 53 mm
glmax = 47.5 mm
g3min = 5.5 mm

gZ2min = 0 mm
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Thrust / Measurement vs Prediction
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O[1d 4-87] & AZIHEAE 93 2A=ravES] 25 HolFH

AErh T EE et YRE oA Ae
E

liquid helium tank
\
liquid nitrogen tank
ports _
outer vessel

supporting column \\

superconducting \

coil “— radiation shield plate

T superinsulator

persistent current switch

(a)

Single-Slage GM-Refrigerator Two-§lage GM-Refrigerator ﬂ{:h-T: Corcenl Lead Correnl Lead of mela
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Dimensions of SCM

532 m (L) + 117 m (H)

Weight of SCM Less than 1400 kg
M.M.F 700 kA
Number of coils 4
Pole Pitch 1.350 m
Max. empirical Magnetic Field 423 T
Lev. Force per magnet 1155 kN

% H. Tsuchishima, T. Mizutani, T.Okai, M.Nakauchi,

"Characteristics of

superconducting magnets and cryogenic system on yamanashi test line,”

Maglev 98, pp.237-243
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e

Pitch (m) 1.35 1.80
Size
Length(m) 0.963 1.294
Width(m 0.50 0.60
Cross section

Thick(m) 0.088
Width(m) 0.050
Spacing to
S.C. (m) 0.23/0.28
MMF (kA) 700.0 7.68/9.60
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Revenue (in Billions)

2000 2001 apo2

20 2004 2008
h_ W Ground Eguiprment L Launch Industry 0 Satsiite Manufacturing 1 Satelite Services |

AT 2000 | 2001 | 2002 | 2003 | 2004 | 2005

ool | 4.2 | 644 | 71.3 | 74.3| 82.7| 88.8

A2 : Futron Corp.. 2006

[29 5-8] AlAl %F4tde] 2ok vi&
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Ground Manufacturing
Equipment Launch

Indus:ry
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AIZ : Futron Corp.. 2006
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FEeF/eMEe 549 A4 v S5 A BAZAREFY, 1
AF, DR P, Be LR AFE, AGAT, naHAA e 1Y

= Cargo only, non reusable vehicle = Passenger & cargo reusable

= High acceleration (30 G) spacecraft

= Short acceleration tunnel = Low acceleration (~2to 3 g)
(~100 km @ 8 km/sec) = Long acceleration tunnel

= Launch from surface into (~1000 km @ 8 km/sec)
atmosphere @ high elevation = Launch into atmosphere @
(> 4000 meters) > 20 km alfitude

= Coast upwards thru atmosphere to = Coast upwards thru magnetically
orbit levitated, evacuated launch tube to

= Substantial aerodynamic 220 Atm before entering
deceleration (~10 G) and heating atmosphere
rates (~25 KWfem? at Stagnation = Modest aerodynamic deceleration

Paint) }=1G and heafing rates
= Near term (next 10 to 20 years) ~3 KWicm? at Stagnation Point)
= Longer term (20 to 30 years)

[28 5-10] "= NASA®] StarTram PJT
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[2¥ 5-15] ®7] F1EAE ZHE 45 SeaF Az 2

A [ v | & [ v ([ 4 [ v || & || ¥
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7
Magnetic way yoke Magnet
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