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Friction independent

QUIGINCe and levitation Forces.

2] 1. Wheel on Rail3} Maglev

HdFe upAHo] ofa) FAsh= whao] olyy] o
wol| EAAoE y&y, FFe, A, A,
A a8a gApzte] Hejur), Magleve 44
oA AL o] 8alA oF 1. 5em(EMS)=EE 10
em(EDS)7}ef F-A3qt Abelel o Falsr] fEof u}
Aol o7t &g, T, ©E Fo] gle Uik o)A
Al mg o] g FEpdold

Magleve 25939 sbrla2 A% 45 33
At AbsAF mu dAe] vided vl AFeA
AN 22 2 58, £ 19Kmg AL oy
A AR, AR oj&Ael ¢, 7|Fe AY
FIYgE A og. AF¥ G ‘:«l E30] 9l
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load) 2 2§, <h (guidance) = HA] E2] )
HES 3tz o07) dFel AMoiAe] Hojun vw
o AF ol HAasEz 24 FAHe AL T4
Al dofvks F7)A el 93 &g (aerodynamic
noise) o] B2 rlo] =4 o] (guideway) 2] AHE 7
A{eZ & 4 9cl,
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£ 7Pk Aol Eapguivh 9 of Hze) 7
Aol & 4 glon o] Yol AFATE Y3 Y
712 7P ARle Qe dids] Hits)
tt.

£ o] AJARIZ AR AbeA oY WA
7] el vl o oz deky #HB 39

ERBEE 8% 6% 19804 68

A2\ Al2de MAN Jlesg AR Eety

OCCR-T3-0COR
TRAVELLING TIMZS

00 ® ©

AUTOMOBILE
AIRPLANE

DB IC 84

TGV

MAGLEV
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3.1 Bl /LA A

Wheel on railA] ~8lo]&= w}3, Z&ix](Flange),
aa HdY Agel AR (support), e (guid-
ance), 33l (Propulsion), 223 A% (brake)e] o
TS T, o3 e 1509d Aol 73t
W F § 2EovE Ao wWalx gL A
s foh wheel on railA| 28 FA7AE o
T3 2 AHES N Yok
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oFHd 2y
o=l Wao] glo] ko] AY 4 U ¥t
o 827 & A a2y FAlel oew 2
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23 sApzte] $2| Y,
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A M go] g, @A JlERE o2
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A e 7] A 2o
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Cl A R=3 Wheel on Rail 2} 7] H AL H] 51
EZY4E 300km/h 500km/h
Eal ok 71dB ok 62dB 250km/h 7%
dead weight 1,200kg/# A (250km/h) 520kg/ 2 4
1,800kg/ 24 (350km/h)
(ICE) (TRANSRAPID) (28 6 ¥x)
Ay ANE 6 12
E R R k] o 5,000m 3,500m 370km/h7| &
(2% 5 #=x)
stressd ] point load area load (28 1 =)
(W/R9 0.1~0.01%)
Ex4gn]A 25 000MxM 14,000MxM
(Land Requirement per km
guideway)
F A7 A $204 $25% gh ol 7p -z 2ol A B A
(TGV) (TRANSRAPID) 370km 7}
B R $28.59ak/4 $224 e}/
(TGV) (TRANSRAPID) !
£ e 2] 43Wh/seat. km 60WH /seat. km
(TGV-A) (TRANSRAPID)
3 57 1.5~3.5% 10%
A A A=A ) 3
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ZNE IDIRY Ao MAY JleHyn 423 By
Aol AAHE F Sle AAAY qFolr, AFr}

2
A9 A7 ZatM el ojshd 250Km/hojabe] 4% 009 4 o a=0
AE 7Bzl Fled, A4, 29z Minimum
#7341 ol A wheel on raillA| A= u]s) "oy Im]
A +4E AT Qlom, 2 oMt he 2o, 18020 4

OAA| (support) sy, FA, 283 AERH =
< W3 YAS o]ty 9lenE &% o}
2t F7hshs whate) o3 whwsl ERsix) g, 10 000 T

a = §°

@0
Q

:t‘: a = 12°
_’2 5 000 -
3 80
2
2 Wheel-on-rail
3 h 1000 4 ;
o 70 I Design Speed [km/h]
3 e e -r T T r Y
§ l 0 100 200 300 400 500
€ 60
Q a3 5. A3l ubd wim
50 MagLlev 307 T paAYLOAD PERCENTAGE
MAGLEV
40 20% ¢ 3
0%
625 94 125 156 1875 219 250 r\\\ufum
(100) (150) (200) (250)(300) (350)(400)
O ﬂ o é‘
Speed - mi. (km) "0 10 200 200 <00 520 knsh

Power equivalent continuous sound level
Distance 80 ft. (25 m); 10 vehicles per hour

a3 6. Pay Load ¥

o -1 I T A
Guideway
investment Costs

per km
200% A

Wheel Rail 'I /

i L5 /
o »”~ Magiev
100 % ]
Railroad

double track

Design Speed [km/h]

Ay 7. A8 v

Maglev double track
ORE o] wAF3e] Hel2 ALH7] wfFof
a3 4 BA TR A ela Zheledelel v ZAA 2Edie Frs)
), o= 1% wheel on railx| A8l9] 1/1,
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000~1/10, 0007 el E3}sf FxEo] AL
2 78 93 $A7e] Holu,
0 413 Z71 A 28 (Linear propulsion system)-& ©]
H2A0)T oo glo} oleHozE sHow
B 439 4 Ak v $A% % AAH
offroll A BEY At Hol AAEs 10% A
=7b &€}, (d® AA 11L5%, ETas
TGV-A:3,5%)
0FHo| HAsh= hliHo] Aloj7t5slnE AHH
ANEE £Y F 9o) 2EFAANE S
3 HAE HAA deddE IHuAS o
% 29 47} 3lol4 400Km/he] SEelH 517
4,000me] 87} 7h53tet,
0% AAE B 32 3|AubAe] #HEEr] o
o M2 HAMA| ®dFAL HE (cutting), 18]
3 aFFA T FAE Y U QoA ¥
AHIE BRAIR 4 Sl
o[ L o fFEE A AZ|FAFAAF Y
AR AAddle SEd wEsA Fotske A7)
wheel on railt|2glel ¥ls) FAsIA gorw 2
ZR 5ol b 250Km/he] el o e 7]
2R AAde] o A,

4,1 TRANSRAPID

603 HA FUdAM= 5% 45}71%11
(BMFT) & #|Ys}ol mlalle] 314 A 442
Hof| A" RE EFrrde] LM °4%L7} A2
Aot 197436l FolA Aol Wk EDSuA s
EMSH}Al 0 2 £34o] Rolx on, EDSHFA EMS
uhAlo) i zhzbe) A - b viE - PJEstw EDS
upalo} AjEle zlekel EET01S Alzts] A3 %
hubare HEH g EMSHA R ARA A,

¥zl TRANSRAPIDO6o]) ‘83130l A|zhsk5 s o]
Emslandx|dbel] 31, 5Km77ke] Alg 7le]=go) &
ZAAdsle] AukAgFol), EmslandA]§5-7kel 4 5
YAlg D EAAHS AAst] 1984 69 300
Km/he] £%& 7]28 3, 1988 1¥ol& 412,6
Km/h7h2] 2Agc}, dAl= 400Km/ho]4te] 4%
2 Z43 4 9le TRO7TE 70t it
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33 3. TRANSRAPID 4§77}

TRANSRAPID= 27He] 5@ Afepoez F4ig
of glow 7 AlE s A Ax 87
(magnetic suspension bogie) 7} #zbxje] o)t} &
28 Bele A1 Y7157 A A
FojZo 2 FlYg s FAE Aol M
Ao} 9l Tlol=dole] Ee me} Ax5o]



E 2. TRANSRAPID 7 #apet o £

Z1& X794 AL AN Tyt NE gHEy

No. Name YEAR Suspension  Propulsion Speed Total Payload
Weight

1 TRANSRAPID 01 1970 EMS SLIM Demonstration Model

2 Principle Vehicle 1971 EMS DLIM 90km/h 5.8t 0.6t
3 TRANSRAPID 02 1971 EMS DLIM 164km/h 11.3t 0.6t
4 TRANSRAPID 03 1972 AC DLIM 140km/h 10.0t 2.0t
5 TRANSRAPID 04 1973 EMS DLIM 253km/h 20.0t 1.5t
6 HMS 2 1974 EMS LSIC 36km/h 2.0t 0.3t
7 KOMET 1975 EMS Booster 400km/h 9.0t 0.3t
8 LSV 301 1975 EMS LSIC 20km/h 2.2t 0.2t
9 EET 01 1974 EDS DLIM 140km/h 17.0t 5.0t
10 EET 02 1977 RW LSAC 230km/h 14.0t 3.0t
11  TRANSRAPID 05 1979 EMS LSIC 75km/h 36.0t 5.2t
12 TRANSRAPID 06 1983 EMS LSIC 355km/h 108t 20.0t

EMS : Electromagnetic Suspension
AC : Air Cushion

EDS : Electrodynamic Suspension
RW : Rubber Wheels

SLIM : Single Sided Linear Induction Motor
DLIM : Double Sided Linear Induction Motor
LSIC : Iron Core Long Stator Linear Motor
LSAC : Air Core Long Stator Linear Motor

Guideway Components:
Slide Rait

Vehicle Components:

Guidance and

Glldlng Skid

Braking Rail

Statorwinding with __
fronstack (Levitation and
Propulsion)

Maglev- Train .
TRANSRAPID 06 - Cross- section with §
Guideway Equipment

Gu;dance Magnets

/ Mechanical Safety-
brake

Levitation magnet with
Exitation for Linear
Synchronous Maotor and
Linear Generator

a2 10. TRANSRAPID-06x5t4 =

e A Be A9 Boz Faae b
£ 1) ebiAe] gtk 4 % o) gape 2
5 10~ 12mY=E -rrxlﬁ}q.

PH40E ABslE NS B4 AYENRE
719] oA} (field excitation) $- 2. 2% ARLEH, A8
717 lolEdolel FFel 3qAAe] AA
ol ik, 2 el ], 29, Jdubs APl
A3 ALY A3UA 7| (linear generator) o] A 2
Futol Ao A Fof| o]& o| &3t AT

TREGE 384 68 19894 6H

o] AEFPAE FAAA HUE
Fe ARLASAN D A
A,

TRANSRAPIDo| A Ap&-3 2apura]e. EMSe]
o ol wAe Aol AAHS sl o WA
3 rloleslele] oldiiyel A= bl A
o Sl AAYASt FAHE ol8stel ¥y
o), EDSHASl A%E F4A mA %oz A
Aol Welrhst A3k A Aels] T3l &l
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¥ 3, TRANSRAPID-06 #| %]

a2} (Vehicle) :
+4
A A A ol
z
i
A (A2 )
(2 4])
44
oAz n4 s
A AR
X AL (Levitation) :
4
P40l
27 (Propulsion) :
7%

O
I R DR

2% 1=
54.2m
3.Tm
4.2m
108ton
128ton
1924
400km/h
5gausso] &}

EMS
10-12mm

213 " A 48 % 7) A % 7] (long-stator iron-core
linear synchronous motor)

45KN

8.8MVA

4.24KV

1.2KA

0-215Hz

o] 2}7)F-Ad (magnetic cushion) ¢] 93& oz

HAg Q% EMSt el ZAAA #ode
WH2 A5sted FAHS Y|, st EDS
o g8 EehdA A"l b v w4 A%
A (active dynamic feedback control) & o] 43}
oAl B FRIAIACE ol FAkEelw o 0,
8~1.5emPEolAut EDSe}= o] GEo T3
FAEE 98 4 gle] Wxel A7 B4g

o}

A7A 5 2l 2 F¥H, Hrle o8 2F S
o AR 2ARE Aadllste] g, o] FolA vl
T G A Evold] 2 AdAY A-gpiuvhA
BEH 9 HEPES ARY AHE Eokow
(9], Selvetlls AfZoef AMebdd 2AE
A &g vlrt gk

4,2 MLU

o = Ap7) A el #R 17} 1962
Hel B FHM AztEiglon, AL 2d
T A4S o] &% EDS HpA & Agatded, o

F

o

rie
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ge] mde slojzgolzh ITA#A ML-50001%d
ot 197430 FapAdel viekxlFle] AjYH EFE A
x)3}7] Alatste] 1979del 7Kme] A|FTE7HE A
gaFch 1980ded EAME ME2E A
MLU001-S 7R3l n le]=de|l= URlEeg @A
# AYE A5

MLUOLS 18, 2% E+ 3% 122 3o F3
AL AAE o TR R FY4 Huse
400Km/hZ, 38 F84] 352Km/hE 7183}, o

ZD& IR AlAHY MAY JjSsHEa A8 gey

o] e ALFIFAAY Ao|aRAHH (cyclo-
converter) 9] AYAZ adfF-olgx, o}e] sfegko} A
g Folct,

MLUQ019] 71 & 5AL KexsgsilA F
2the AT AAQd 2 BAEel (Y 0em) & #
A7) H3Me o] 2HE AAe] Haz oy
MLUOOIe] A4% AL gE2yiciy g}, 18
o3 dE3 ARgslol s, FAF Vil 9
AL EE oA A7) B3] o] Fas Alxg

H4He £EA ol2A FP AL B9 Gl AN 9 £7- 2 ASR S el el A

E 4. MLU Huradd

MAJOR EVENTS

Early 1960s Maglev Research Start

1970 Basic test equipment (EDS) was developed
1972 Test car LSM200 (EDS, LSM) made a successful run
Test car ML-100 (EDS, LSM)} made a successful run
1974 Test guideway and power supply were completed
1975 Test acr ML-100A (EDS, LSM) made a completely levitated run
1977 July Test run was started at Miyazaki Test Track

(Vehicle : ML-500, Guideway : inverse T-shape)
Sep. ML-500 recored 112 km/h (with wheel support)

1978 Mar. 301km/h run was recored on a 3.1 km section
Nov. 347km/h run was recorded on a 4.7km section
1979 Jan. Test run in a model tunnel

May Test run of ML-500 (with He refrigerator)

Dec. 517 km/h was recorded on a 7km section
1980 Nov. Test run of MLU-001(Guideway : U-shape)
1981 Apr. 251km/h was recorded on a 4km section

Nov. Test run of two-car train was started
1982 July 305km/h was recorded on a 7km section

Sep. Passenger test run was started

Nov. Test run of three-car train was started
1983 Aug. 400km/h was recorded on a single-car run

1986 352.4km/h was recorded on a three-car run
1987 400.8km/h was recorded on a two-car run with passengers
1988 Test run of MLU-002 was started

EDS : Electrodynamic Suspension ~ LSM : Linear Synchronous Motor

ERBRE 3B% 6% 19894 61 33



¥ 5. MLU-001 8!

T A5yl Bo] gz
ek 001-2 001-1, 001-3
7o 8.2m 10.1m
z 3.0m 3.0m
9| 3.3m 3.3m
A 10ton
Z2ATAA,
afod ekt 45 29
74 % (strength) 7T00KA
Y zhuiA dF ol 3}
4
£ale 98KN
FAbgel 100mm
ot
ohv & 50mm g4 49KN
okl A 2] (clearance) 150mm
3
8 o 51KN
i ey Cycloconverter
Fab 4l 0-27Hz
At 3KV
A 1,100A
A5 (4441) 3 A%
(7 4) L4 vl 7|4 " (dynamic & mechanical)
Foll A olel o3k F3kE Aok & otk ofe}
e A AdA 388 el F AldakEe] AlEE 9
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TRANSRAPIDe] nla] 7|3 o2 5345 Hx
sltha B35 gleh

MLU< A AHg-8taL gle EDS#Ae} 74 2 &
AolAt ARe FHA Ak Fpelugelztel A
%017} 10~15cmel] o]22] 75} viAg Azl 7}
oledolel Erided & A¢L WA dede F
olct. ® thE AL AAse7} A4HE] FEAHo|
o Al2Rle) qbdAdst AlEAde] wuke goldh 2
Bt Pl Sxd w3y Wil A&elxe
e @ 7k Slold EaHel A7 Eas
oh, EDSHRAe] aperd Aol o) Aol A
% Hel® 60~80Km/he] £k} sojop A7) R4y
& 25 7 ol

g2 FAAMe AR MLUW1S A& 2
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a3 13. MLU-002

1% o4 A%Y A7E Fdshn k. o
Q79 Az o) AAH 94 8o ¥
A7V EaplzEe AGE YT, Ao
AR Ae 0ol $49 Aol Al
ek,

5, MS-5ARZE X}7| R AA|AE 9

483 Eldd

AL EAA gAY EARARY oAYE
L7k vl /A Y Ao &AL FPA] Al
5 3 25 4 27 ool =AA F3s}
ofeld AAelrE TAlo o HIY - Yo
gon, o ASE A EASEAY FedH]
5o H4Ae aELSE ol sz, 9#AY
dAgE g Ay F ERAEE AAH o sk
ofelgo] ik, Ap7|HAbPAle fHA oz o]’
A W g M _<le] EAsA] ool A
w3t wgeAzke] AFolg Hel alelM aAfrt A
7R aqks) W 7V o)Al b el

uizl/Ad Wale daks 25 v 7leEA
of ofs| MF& AFsle] 1437} o]FolA ot
(12] 718422 194719 F7)7]@a7h wdd
FA2 HeE fAsln glvh weld mdsbgel
g} ag3s, 2 3w, $apte AdE o
a&3e] 3|, a2la fA - By @ el
ojg o] slthe FAAE] Yehdth F¥&%x
Z7tol wel A3k 9 oo 74 R ©e 4
o] kA Z ot & 7|&2E sHHE Ao
2 AAold), &, ulF, Hd, B7](bogie), T

-]

2 o fo oy o R

EFFEE 384 69 19894 64

E12}E (pantograph), H#o]a 5L dAAY F
PF wioh FHsa Hg P TAE sokiith
TGV 74w dde fA - B, A7HdE A
FEE Y 2] - Bpol]l @2 & AFslx r)
uhA /A A o] AR HEL vl e} g dzhe o}
Aol o8 FYsl=d] 7|3 AE0IH, ol F
TR} 71@Ael] AEQl7] wFe|nR Rp|EAbut
A2 AZI%E vlF/Ad A A ZAHEE ¢
Aoz A 5 ik,

uhg /e wAle] dxbl A REE dabshte
B7] (bogie)oll F&slz Qe Hape g A1 34
Ao 234 I3l kg webd AYAE7)
ARlEle] il mhebd HEr7E dalel Az s e
A HerE FAAMdu], AY HSPA Fo] ¥R
ol FAZE dE spAe, sj@azl 919l
74 FeeHE P, (AAZ upF/Ad 4y
o] Zl@abe A9 AL FAAN], A¥EigA e
TAE Slek) FAZE Ak AL ApIRA
ahale] o] FHA| sloledold] w]H= 5]
ag ax Yrks A& E3 gef] slejegely
de] ol AR AR & e EA
< ExYUAY FE 37 TR slel=go]
(elevated guideway) |2 F8sh= Adl, o2
B $£470] 2457 FHFA Wi dFe
HAast & g glen, FEAL 59 H¥He) flox
= %5 g7k ZHe] ek

od¥e] A7Hd-& 240Km/h, o] ICEY Zgx
9 TGV 270Km/hA ko) Hadr g F3slyw g
o, olF uiF/HY WA o2 FAE 400
Km/hA zolc}, zev} Al of2] fqld o3 4
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EH° FREMel FdstAl A7 Z3sid,
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