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[E 1] 22 X7|EArAX} b1 (Review of maglev train technologies )

Tvoe Classification
o Korea ‘Foreign Country;
UTM
(in U-Loop Transpraid MLU, MLX [nductrack
operation) (Project) (Germany) ~ (Japan) (USA)
System : ?*‘ [ =
Y - » e !‘
% : .
unis'rp.,/

Levitation EMS EDS EMS EDS PM EDS
Propulsion SP-LIM LSM LP-LSM LP-LSM LP-LSM

Air gap 8~12 [mm] - 8~12 [mm] 80~150 [mm] 80~150 [mm]
Max. speed 110 [km/h] 1200 [km/h] 500 [km/h] 500 [km/h] 500 [km/h]

Low-med, ) . .
Service Speed, Short - High ;peed, High §peed, Hioh gpeed,
. Long distance Long distance Long distance
distance
Charac- LeV|t§t|on/ LeV|t§t|on/ Cooling for Halbach
o Guide - Guide
teristic ) SCM Magnet Array
integrated separated




B
_Z_ I
Y
KO
o]

of
4

B

=

=

2(> 600 km/h) 7]
o] F o]zl Ao

as

AT

st=

7

=i}
P

=
as

q
~

X

==
1o
—_
[ile]

0%
—

ol

S EDS WA R7|F/gA Rtol o

]

o

of

=
=

F7bRlolH. &

.

X

o Z9E

A HyperloopZ 74

>

—

St A} Aol 1, Sl

e o=

i

rlJ

171

o

371

o

=

o) 7|

Tz}

TRL 1~25Fo0]|r},

wj

T

)

4

B

I
Ko

oo
(o)

(% 2] 2 A2l TRL &

<F
__.A_l

o

(0]

i

TRL 1
TRL 2
TRL 3
TRL 4

TRL 5

H} Al
it |

t4 A1 EHE iz THA|
o)t Zrjo] u]

2
=

H|

z7F A A

TRL7
e

A7 5
3lE Transrapid® 29 x| EMS

=
-

1

el 492 EMSe EDS
golo] Fx7I HlIW

-

=

ArQd
o

TRL 6
TRL 7
TRL 8

A7) 5
3% 7ho]

as
—

at

201618 249, L4E L}iofo] o]o] AT

. AT FaA




A

HFE o =7kl A

b

<°

04 A7)

, ==

2

a1

g glem &71719) +£7

1l
=

o] glol 500 km/h o]4 <]

1

| -

o] r}mrc}

AR

o)

—
ijo

oF
ol
N

FAREZE BRAEE

1

ko)

=35to] 2370] A

400 km/h

2
i
No
ey

‘o)

Gl

B/

¥
or

I+
oK

Ko
y

H

)
xr
IH

o
700

O|Z o] At7|

)

450

[m]
o

ol

Hig ez, A7

=
=

Tl

_x_._|

o
o
ol
m
HI
1

-
10l
=

1o

<
E_.E

K1

Tl

off CH

!

PNI=E

to{ CHAOA 2

S

o

10l

i

W+

=
N

H

-

o=z =1HE 600 km/h 2| 80%r+ZE2 H=of

my
ol
ol

K

2]
or

Klo
K

toll A 7|

x




=
70
00

=
10

<
gl

7h A

I
mr

gl

A A]

]

Z

oF

-

—

=K

djo

gl

g
o
<+
X
xlz

mK
O

]

X

=
iy

~

<0

N
N2

—_

NS

xr
=
file)
)

o
i

N
¢
_r
K

g
o

8

=

|
A
=

A
Py

S
14 B9

5

4 2

3

3D Az}~
3D Az}~

3

Z

ol
L

ol
P

1ol Look-up table

°o]-&3s
A
S|

Njo
A

uK

T

_—
1jo

Rales

1

LR
= 1

1 &

Z

=
=

Az 7]-et

4] )

two-way

4
mr

Gl

_éc

I
(¢}

17}

X/gl

ofF

o

—

=K

ajo

ol

100

A7) 3

l
iy

o
~~

700

N
<«
1
qr
._nmo
o}

—

__Oa_

W_e

Hr

N

X
o]

—

=K

4r

0
X
X

o

Tor

a7

A o] mpe

clorst A

i



CH| 2= 1CH A E) 2 T AEE)

78 ol HX|FE @AeN 0 35 X2| 40 TSR 5% 4
TEAe AN A B i 7| LA ERO| SHAS LAY, 2X2 5)

[ oy Axmo 2228 | tE% SA/Ed
it = | JI 7] E* 0= A | H‘_D
‘M l "‘ sem 54 0% 75 ‘I"= I R I
| G LSS,

Two-wayt419|

e y
a3 = B2 2% AN T
Nga“)ﬂ up e I E+ 7| 24 ER9
= =1 =] =] AI{/J_T& xlE%r _l?l_)\-{
EE“ ?% e — T T =0 = !
=
R0 3= =
oW GI] 3D
T JAE e 600km/ho| 40| =114
- FE W RY S AFY
= : B2 Tyt
LN £%/48 W5l e
Hx7| 2% 2 St @R 55 »
—1 g3 24

g0 eemw

= ﬂ \ —
Az = IRUES 08 7= , p—
aE HA e | o m wa . ey

| GA/+8 Us AT LY g7t 9
| THH HA

5’3 B ‘37}

[O8 2] 2 A7 & 2 T3HAH A

_,d
2
4
0%
2

Bl I X
> o rr

ol} 7}X GAFSH A|AE2 YRl JR Central oA 2% %< LO series©]H.

A EFZ-LAE #7789 Chuo Shinkansen(Td4d %) F1tolA &

By FolH, 5~1270 AFoE FAE HHEE 505 km/he £=

olu} 20150 44 21dol 7xRH o2 #AH Ald A7 7555 603 km/he <%
2 W AA B &5 712 71T 1]

HATE£E 500 km/h & EDS WAl9l 7| 2gdAt siAd = de 7/idE fs 9
oA dz3% YE2] Chuo Shinkansen LO seriesE 7|HtCo 2 AR &350,
ol 7/fdstr] g AFE I} ET Ao = 3749 2 AXE Srt o]



CW‘mr Unit in Car-mounted
Baghe ium Refrigaration System

[2& 3] (a) LO series ME x}2f [2], (b) LO series CHX} Li& FA [3]

(2) AA}7] ¥ (Levitation, Guidance Force)d|A B =

O A7 A 2y ElFA A

=
[¢)

A% A 2

o

A A7l 2R OEIRA A

Steel plate Magnet Yoke Stage

I

!

lf Permanent  Accelerometer e
Magnet Loadcell -

PC

LMS
SCADAS

Exciter Loadcell

Amp. Amp. Exciter

mo
4o

[O8 4] HA7IeiY 2" A5

b= ARZ Aol m
Asst7l Hsl O™ 49k 22 A9
TAGE 1gE Ao dHE &
Q) B&K jite] Type 4810 71317]

o o



ZFX1719F FFRAZ 2718 ARojel WASH=
AZE o 9t A HA ARjolE 71X17]|e 2EA
Zdele RHEZS A441717] s 2o REHg
A Aekog Qs 2eAdu JFAE Y A4
olrt

[E 3] M8 Aol 2% 2 =2
Parameter Value
Magnet Width 30 mm
Magnet Height 10 mm
Magnet Thickness 2 mm
Magnet Yoke Width 30 mm
Magnet Yoke Height 32.5 mm
Magnet Yoke Thickness 5 mm
Steel Plate Width 65 mm
Steel Plate Height 40 mm
Steel Plate Thickness 10 mm
Air Gap 5 mm

Frequency of Excitation

100Hz fixed sine

Amplitude of Excitation

0.05 mm
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Width
(T8 5] XA, A4 23, M| ¥4 ¥ xF
B. Azl & AT Alg#ol4d BH
Steel plate

Permanent
Magnet
Magnet Yoke
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o] ®of qrt stel thzlols ZF SHol 249 2T FY(N 2AE FAY)o]
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4 A]ARlo] 299E Chuo Shinkansen T+7H2 PLG ZYE A4 Folo} wagja 2
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EM forces acting on full bogie EM forces acting on full bogie

Fx - Propulsion force
———Fy - Guidance force
Fz - Levitation force
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Current comparison (Roll, Yaw, Pitch)

Force comparison (Roll, Yaw, Pitch)
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current comparison (rotation & translation)
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Current [A]

Current [A]

400Half-bogie 3D analysis & est.current [dy Omm, dz 25mm] 800Half—bogie 3D analysis & est.current [dy Omm, dz 65mm]

Est. current — Est. current
300 — Anal. current 600 = = =Anal. current

Current [A]

200 400
100 _ 200
=
0 )
-100 -200
-200 -400
-300 -600
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time [s] time [s]
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— — —Anal. current = Anal. current
400 1 400 1
200 200
£
0 £ o
s
1}
200 -200
-400 -400
600 . . h . L . 600 . L . . . L
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time [s] time [s]
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EM Forces comparison [Matlab & Maxwell]

EM Forces comparison [Matlab & Maxwell]

80 200
—\ 1801 N\ F N\ A N
70 / 4 VQ / \/ B\
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z Matlab Lift Z 140 Matlab Lift
'; 50 = = =Matlab Guide : = = =Matlab Guide
" Maxwell Lift e Maxwell Lift
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100
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20 60
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EM Forces comparison [Matlab & Maxwell] EM Forces comparison [Matlab & Maxwell]
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71& EDS W4 z712EAE A 4 Rl 8- xA(Flexible body)oll gt &f 43 2]
ol EfRlTol st o] oz o2 Qs tiokst AA mizfjHso g A
13k A= 3

TREE BoEr tE2Ad 59 A 3 time
£ W] HME B ZEHAA HYgTE

e £ ©}A] Analytical E&olA A
o g Qlrtsto fir] thEA 9 sl

ol

.'}J_'L_ =] —_
g oAl Z i ztol RAA= L ¢
&= AR

Electromagnetic system A .
ANSYS Pragan gl ¥ Numerical Model (elastic car
I Mutual inductance I body model)
Superconducting coil Time Data of Car Body
Coil current (flux conservation) Vibration
During running
k L I L 4
Propulsion system Levitation system 1

LMS armature current and magnetic field Coil current and magnetic field Evaluation of Vertical

I L~ I & Lateral Accel. With

h—y

elastic car body mode

Electromagnetic force and torque

Adams view(Rigid car body) i Evaluation of Riding
ANSYS (Flexible car body) L TCHantaNY Syvam)

| Comfort
S da i i i 1
econdary suspension Motion equations |
Mechanical springs and
dampers

Position

'

Analysis of Stability
for running
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[ZF 9] A7 B4 Xt 2 X5 3 Qs
Parameter value
XA 2ol
. 28 m
(leading car)
XA 2ol
24.3 m
(middle car)
XA A
32 /23t
(leading/middle car) / ons
XA =0l = 3.27/29m
CHAL 2ol / = 5.4 /3.15m
CHxt FA 6 tons
Air spring &t 0.36 MN/m
Vertical damper 10 kNs/m
xt& (leading car) '2.18.92 ;
moment of inertia 6'69‘95 ?'93‘94
L6362 6.97e 7.94e6
5
ZtA (middle car) 1'62‘95 "
moment of inertia 4'2835 4'5394
4.04¢ 5.11e 4.54e6]

& 7 481 Zo] FHE U
o8 rHE o, FASAHZE 4
L %ZJCH A A 0}“ =1 7}33}911:}. ET RIS Atolel Azl 253
SolAl RREEN[ L. HIEEE 138 m/s (= 500 km/h)E A F89] 2 &
= = U7tstol 25 /A AlZEh A& EDS A A7 RGP A BEE 2
7het it 47§ = articulated HHXHE AHESIIE HHRES] Fols 4709 2] A=
4719 2 RAaz 2R Elor, Air spring®] Zdolet A el ozt 7hA 2
0.3 molr}. Air spring & ©tixte] FAlozHE Zo] HWEF 23106 m, = HE
1.2125 m Holzl ol Hx|stx et A e} thx} Atolol= translation jointE A}
£35to] Asl 250] 756 S xkAl 7S spherical jointE AM&slod xR 7He)
2 Afsties AAZ AFEA 25E = UA RHEF U 2HA L

QAZ air springd}t Huo= 22 Yxlo] A&H}



Spherical joint Spherical joint

2 AFojAE thxtE T3 499 o] REEEINn tha 2o Fe oEA
598 4 =239 oA ZAE FL&ste siAZ =Pt s AL ZE
s0] Bgslr ool e BAT "art gl wel ZA siAdS X185eiet
thxte] Zo] X EALE= Chuo Shinkansen LOER-E F13lod Zo] 54 m, &9,
123 m 22|17 &L 315 mZ A5t A FASAA &S e o] of
Hel EDS ALY SAE Hoist vtadste] b7l Aol A= wHizte] & EF AR
A A wgor Bgdeo] oA Hu £ BHFgog hfj#Eo] ¢gHog Eort
A BT ofqlct £ Z x|oA thze] EF(rolling)oll &g @O RMIZAE =

]

Levitation Force

Guidance Force

[O2 49] CHX} force input 2 &



Ssatd HEl 52 18sl7] of¥eh I8 EE o FE3 s4 =
= 59 AA RHo] LQsle] E AFoAE A *
Fa & a4 9 ANSYS APDLES ©]&3519ic}.
Z3HE oEA 598 2HEe HoEr o E
St GAXA rEE HASe LEHE U
A A EEL solid 1858 245 A3l on mild steel 1S AMESHAHL
imi

AA Q] do] W BA FL& 7IE AHE
o

. T = "lk— AR )
T5 &4 1Isto 50 Hz olste Fute iy 5 #3/4+%8 BT I548e2d 9
= Fv RESS I7 520 Bg Ad 2o I dules JaEd[15,16]0 ek A
= AEe AT gHE RS ¢ F A

i

Translational joint
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[E 10] € xAel =M 3 (mild steel)

Parameter value
Young's modulus 200 GPa
Poisson's ratio 0.3

el 7,700 kg/m®

Roof S7H leading At

(middle &) 0.008 m (0.008 m)

Floor &M leading XA

(middle &) 0.016 m (0.011 m)

Bottom &7l leading AHA|

(middle X}pAl) 0.016 m (0.011 m)

Wall S leading A}

(middle X&) 0.008 m (0.008 m)

Leading Xtxl a4 7,719 7

middle XpA 2= 9,693 7H




(28 52] 1%}, 2%}, 3%} 28 2= U DA
[F 11] ZiXxte 2etsifAM Hnt 2 2o Mot v|m [15]
Mode Exp. [Hz] Sim. [Hz] Error [%]
18! bending Mode 10.1 ~ 11 10.03 0.7
2" bending Mode 14 1 12.54 111
3" bending Mode 16.2 15.36 572
9 A B AMEE mild steel®] EAGX= B4 AS 200 GPa, —?—O}% Al
03, ¥% 7,700 kg/m?* 2 A5t thEA 59 si4 =273 ADAMSO] &
A AAE ALl sjAs7] Ysted RBE2 (Rigid Body Element) 845 441519

t}. ANSYS APDL2 ApR&3to]l f A ERE Aoty Fale siAdSE X eiqdet
FHA XW]E} HAHE F2shof ol RAELH & Q4AF2 ANSYS WolA mtAE &
EE AAT T ADAMS oA A-&oigirt olel 22 WHoZ nAE LE& A4
5o EHx}ﬂ}—J AEEE AGole A dZ Fo &4 (44 A 47071 BA
et &8lolE =9 3Fg Wololste EREOZ = 145 m Zo] 2708 m ®
g 8ol LEE XA mtAE RE JFE UHe FEES o2 &
2 AAsA ADAMSE W EUW™ ANSYS MNF (Modal Neutral File) mfo] A4A]
Hrh F4E MNF d2 ADAMS WA E8{ Q7] st RIEQ 3 9452 A&
=
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dynamic 2%

[master node] [slave node]
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AA et FAEH PSD E2E 542

E72 5 E4L Random 4139 PSD A5 E o] &3l E2Ee dHe 7z o
A7kl 44 ” R7|RAARY] Lo mE A HEE 1EElel e 47 o,
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Characeristics . _
: Zom 12 [

Multi-body Dynamics Model

Irregularity =
Characteristics — | <
(Radom) R — ——
lL.diiis s
Feedback of bogie
displacement
Y 5
CERELERELFEEE
T4 2P FAS el AN 25 o E = UdY FF0] Hade F
7IRE 2Elole] 55t 34 £33 = dHe ES 9T =24 A I8 55
of Fald Ad Zrt U4 %5 22 Ad 2Eg wrE0 7 oixrt 22 dAA-E
20|28 A 1§ Agte] wgt RASe 8000 m HA &S o2 Zo] Tt
Er}, 2429 zAlo] xFEo 2= impulse forceE ©]835lo] translation velocityS
DHESIGE. £ 25 B E0] 8000 m 1 €5 FAYFo|w IA7E AUde &
5 (480 km/h)7} =& RS} ofel A& o]835to] impulse forceE A 45t
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— . Av
=ma=m-

Hxte]l H&Es d2 €9 HEoA BEids o ¥ pEFos Fsiso] A&
ojofgol 2zt xe} y& HIAE Roll thishA] ofelj Alu} Zo] 235t e

x= Rsin(0)

y= R— Rcos(0)
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Resultant
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Panel Irregularity
Characteristics  Characteristics Multi-body Dynamics Model

(PSD)

[ Y Y Y N ——

] ot E Feed back of bogie
T displacement
' N Xy .2

. \ A A AL J

Propulsion Force Guidance Force Levitation Force

[23 58] Matlab Simulink2 Teist 2MFaHo| 54 =l

1

A X1do] Qlol ADAMS WHES solvergE AHEoliar, a4 A2 0 ~ 5028
sttt sl Al +-AS delstel £4 HlolHE B #71Q1 45 ~ 502 Atol9] 5
Z2E d9om, 4 time step2 0.0052E AE35}QItt. ADAMS subsystem 2
non-linear sl S 2 solver= C++= AFE5ITE ADAMS WO FAXA JA= 3

A 0 2= partial coupling 7|8 AI&3ict

@ Track 3% (R71ZL 9 EF214) Y= (Random, PSD)
EDS Aol x7|Rddats FAdelol =2otA =W EMSEE 83 E ol FA
gt oixg, EH EFAEL HHE Ftol o5 o] Zr4l(negative damping) F4
o] LtEht AJARIS] IPAES "o ER-TE 7]E AF7E AEH19]. EDS A2 EMS
HErE 2 ol X EFE T ot o] Qlo] TE s
E b /gdol HolxlE A= A
Ed EH3E T2 JIFHE & AT F&

sl B dAoA 3 Bgoegs FuEA20]d HERS
FAgex = 5 L5049 £3]
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E EAE A& KIMMA A AddE 4
mm == YEbgE B FUEAR2]MAE H £4 mme 38 ¥ EH
i L}E}‘;}D} OIE H}%Ei +2 HEol= £10 mmE A&t T 3% B

2 AFoMEs AZEZL ARGl HE FEHL dHiHe FEE ZAE] A
sl F 7HAl =gl Hish Al @Eé}%ﬂ} shte random =7tA =S} HE She
71E EAEAY R AVRGLERNA ROl Adele AFut 5S40 S3E PSD 4%
2 ORI A ECIH. O% 59= 54 AF= fldl AHEHE randomil2E 0
Foi A4 AZHCIEE EoEH. & A4S 0 ~ 50 HzAbole] FubeS4
€ 7HAD lem, A7ls 2 HPCE £10 mmi} % YPOE £40 mmE H
olEH,

Irrgularity{m)

0.0 | . ' i) |

0 5 10 15 20
Time(s)

[22 59] RandomA &2 O|RO0{Zl 27EAN

PSD &34 Blackman-Tukey”|®8t2 2 3§t numerical time-frequency
transfer®s1 1} Discrete Fast Fourier Transform(DFFT)HH2 AM85lod A7 o]
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