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Fundamental Study for Dynamic Analysis of Superconducting Maglev Vehicles Moving with

Large Displacements Using Co-simulation Models of Vehicle Dynamics and Electromagnetic Forces

Takenori YONEZU, Railway Technical Research Institute, 2-8-38 Hikari-cho, Kokubunji-shi, Tokyo
Hironori HOSHINO, Railway Technical Research Institute
Erimitsu SUZUKI, Railway Technical Research Institute
Ken WATANABE, Railway Technical Research Institute

Computer simulations have been performed to study vehicle dynamics of superconducting Maglev vehicles for purposes
such as of improving ride comfort. Recently, the authors have constructed new simulation models of Maglev vehicles to study
non-linear dynamic motions of the vehicles moving with large displacements. The constructed models are co-simulation
models of vehicle dynamics and electromagnetic forces. These models will be helpful in studying dynamic motions of the
vehicles in case of accidents such as earthquakes or malfunctioning of Maglev vehicles.

Fundamental computer simulations have been performed to study vehicle dynamics of Maglev vehicles moving with large
displacements using these models. This paper describes the results of these studies.
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Fig. 1 Suspension systems of
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Co-simulation model of vehicle dynamics and electromagnetic forces

Electromagnetic forces model
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Fig. 2 Dynamic analysis flow in co-simulation model of
vehicle dynamics and electromagnetic forces ©
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Table 1 Simulation results: Maximum and minimum
values of displacements (Case 1)
(a) Vertical displacements

Car body Maximum Minimum
values [mm) | values [mm]|
No. 1 1.0 -0.8
No. 2 0.0 -21.7
No. 3 0.2 -0.1

(b) Rotational displacements
of second angle of Euler angles

Maximum Minimum
Carlindy values [deg] | values [deg] |
No. 1 -0.03 -0.05
No. 2 0.16 -0.01
No. 3 0.06 0.06

Table 2 Simulation results: Maximum and minimum

a LML AL, ANTET L OMEERITT- T

.

Fdass e o WE O WL O BB R AT K B AR Le,

KRENZEBIT O KRR Ro—flL LT, XK
AT

i 2 has Usl®, EBosKiih s
HEOMIELRFRNBTETWAbIT T2V, ENm
Al e G- - Y g P

AR Tl TR S, T 2500
FEAME Mok KEMEBMITEITAORBLAES

.

G#IL, EEORFNELHERSHRTEL L

202, ERIEERTE T AOFEMEPKRE - BAMET L
DBINE, BITETAORLEEIT) TETHD.

t L pd

1)

values of displacements (Case 2) 2
(a) Vertical displacements
Carbadi Maximum Minimum
values [mm] | values [mm] 3)
No. 1 0.0 -9.5
No. 2 0.5 -0.4
No. 3 0.0 0.0
(b) Rotational displacements 4)
of second angle of Euler angles
Carbody | ot ien | vatoes e
gl 5)
No. 1 -0.04 -0.13
No. 2 0.01 0.00
No. 3 0.06 0.06
6)
Wiz, R d L& hnn EF Rz RETH 0%
X9z, Bl diREh D aicgET D ) EIE
ELTWA, Case | [ZBWTH, ETOR by Adny 7
NI HEEM LAV, —F, Case 2 ICHBWTIE, LHDR
by AT LWL 00, FTHOR by Ao L
TWAHIZERbD. BUE No. 1| BEONCEIZIS I D207 - 8)
EMRAERL LA S V5, HER No. 1 O TR XA %
ThY, ERELAME E OB RE WD, ERiTh 9)
1L T OB - FERZEAL OfE T Case | IZHERTRE A
HEBEXBND.
— 10)
é 1.0
&
£05 | 1)
o 0.0
§ 12)
5-0.5 ——= Case | 1)
s — Case 2
'g -1.0 :
> 0 0.5 1 1.5 2 25 14)
Time [s]
Fig. 9 Vertical force of air spring

4. BbhYIz
RMETIIERB S KENEBHOHR#K I 21—

= plg —

D, N, AR, EAMRIT, XFFEE
A S T b A T oD 32 W ) 4 1 B B P
(£4h - m— A FOWBEH), H AP SRE
(C#&), Vol.71, No.701, pp. 114-121, 2005
P, AR, SRARTLE N, mATHTT, KIFER :
AT SR i b BBl W o SR Eh AN B 4 B i e
(LT - &y FROREGIE), OABESRCHE
(C#i), Vol.71, No. 701, pp. 122-128, 2005
WAL, BTN, HEE S, SRR Y, EW
HEERSR LASEERDOY I 2 b—23 3 UL,
W17 BIEROMEDF A F I 2 ARSI LK
{Him3CHE, No. IPM10, pp. 157-158, 2005
REERN, TEMGE, BEFEN, SARTEX v T
RF 4 #4F 327 2&H - BESRET LA e0on
HURE O FETHEAT, N AR 20 W20 - M
PN 2eaf i 30, No. 1210, pp. 105-106, 2011
AAEC, MR, SRR, AR, I
BEERATT EREGE O D EHRIIZ BT A3
BT 2 NS, BRAFEEWESEE, No
MAG-12-6/LD-12-6, pp. 29-34, 2012

A pCRl, SRR, ERAIUEYE, POEGE 7 EC
T D NAE R T ARAT D - b OB R T v
RESE, BKEFUIRY, Vol. 26, No. 5, pp. 5-10, 2012
ARG, AL ¢ B A o MR 1T 2 ek
i) RO, B A S5 16 [ 2200 - Bk P
KA U4, No. 1304, pp. 319-322, 2007

5 () 18 - R i S 0T E 5L, SRR ETR
Vol. 2, No.6, pp.17-22, 1988

PR, TR L EENE R ABERE
ABERIE Lo s, BRESREED, Vol. 112, No.
5, pp. 459-466, 1992

MR HEME - R - BN EEBEA KRBT LOKE
WRESE ERICHT B UR%E, SERIHERAEIE 12
2, 1997

HEEMETD - A PR SRAEAT 2 A S U A AT 7
b7 =7 RecurDyn & EBRMGEEORY MA, A AHE
WF2EE, Vol 112, No. 1091, p. 852, 2009

FROE L R i O S A, FEBE 2001-322546
FiEwh, RE¥—dodidk L TillFiEDi 2iE+
FridholE (B3), ERiEh 2oLk
Bh L s 0 DHL), A AHE RS SCE (C#), Vol. 56,
No. 528, pp. 18-25, 1990

R —, #bie, HmaEK, fh, HpETIRE
Be kit 2 o il 7 = — R4 BT
(538 RIThED 7 = — /LBREICDWT), H
18 BIEHENTES Yo A (J-RAIL) bR
L4k, pp. 471-474, 2011





