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Dynamic interaction of a high-speed train and railway structure
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Seismic wave

Guards

m The huge impact of wheel on the rail may lead to lifting of wheel,
derailment and post-derailment behavior during an earthquake

® Some guards are necessary to prevent the train deviating from
the track after derailment for an earthquake-safe railway
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Ladder track with guards attached

Muiltiscale phenomenon of frequency

m The high-frequency response (higher than several hundred Hz ) due to
the impact between wheel and track structure mixed with low-frequency
response (less than 20 Hz) of railway structure

m It is very important to solve the dynamic interaction including
derailment and post-derailment behavior to design an earthquake-safe
high speed railway.
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Mechanical model for the train and railway structure

Interaction between wheel and rail before derailment

Contact and impact behavior in the normal direction

m Yawing and rolling of wheel-set are assumed to be relatively small
m Two modes of contact between wheel and rail

W

Vertical direction Transverse direction

Contact mode in the vertical direction

m Contact force between wheel and rail in the normal direction H

H=H(5,d,)

8 = Contact displacement in the normal direction

d, = relative displacement between wheel and rail
in the transverse direction

5,d,

Contact force H
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Slipping behavior in the transverse direction

m Constitutive equation between creep force and slipping rates

A=

Q. = Q. (S,, S, Sy)

Q.= Creep force in the transverse direction
S, = Slipping rate in the longitudinal (x) direction
S; = Slipping rate in the transverse (t) direction
S = Spin rate around the normal vector
Sy
m Relative displacement between wheel and rail d,
exceeds the limit userai the derailing is initiated. Uderai
Derailing

Interaction between wheel and track structure after derailment
Contact-impact behavior between wheel and track in the vertical direction

m Contact force between wheel and track structure H;

Hr = Hy (&1z)

Oz= Contact displacement between wheel and track structure
in the vertical direction

1 L

Tou:h Track structure

Contact force HT
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Contact-impact behavior between wheel and guard in the transverse direction

= Impact force Qg, of wheel on the guard in the fransverse direction

Qgy = Qgy (Agy )

Ag, = Embedded area between wheel and guard in the transverse
direction

Embedded area Ag,

.

—

T 1

Mechanical model of a Shinkansen train

1 2 n
T =
Body ==
= = =
Truck ] _h_l_ [ —
Wheael-set T @ ff ff

m Multibody dynamics (MD)
m Each component of the train is assumed to move as a rigid body.

| CDI‘I‘IPOI'IEI"I"IS of the train are modeled to be connected by' nonlinear
springs and dampers.

®m The motion of the train is expressed by the DOF's at the center of
the components.

m A Shinkansen train with n cars has 31n DOF's.
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Equation of motion of a Shinkansen train

MYX" +D¥XY +K'X" =F"

MY Mass matrix of the train

D¥Y  Damping matrix of the train
Stiffness matrix of the train
Displacement vector of 31n DOF’s

% 73

F¥ Load vector

Mechanical model of the railway structure

m Modeled with finite elements such as beam, shell, solid and
nonlinear spring, and also rail and track elements by MD and FEM

Bridge

-

Equation of motion of the railway structure

MPX® +DPX® + KPX® = F

Seismic wave
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‘Numerical method

m Modal reduction to the equations of motions is applied.

m The equations of motions in the modal coordinates are solved
by the Newmark time difference scheme or the exact time
integration developed for a very small time increment needed.

m Iterative calculations are made until the norm of unbalanced forces
become small enough.

m Adaptive time increments are employed.

m A computer program DIASTARS for the simulation (numerical
experiment) of a high-speed train running on the railway structure
during an earthquake has been developed.

[ <

Numerical examples

Cable-stayed long-spanned concrete bridge (Length 270m, Height 96m)
Cikuma river, Hokuriku Shinkansen
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Comparison between numerical and experimental results

%

Displacement (mm)

0 Time (sec) 7

Vertical displacement at 3/5 point of the second span, V=252km/h

‘Comparison with experiments of a Shinkansen car on the shaking table

m Experiment using a half Shinkansen car on a large-scale shaking
table (50 tonf )
m A sinusoidal acceleration in the transverse direction
frequency = 0.5Hz, amplitude = 2.3 m/s?
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Transverse acceleration of car body
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| 20cm
- Cross section of the ladder
Seismic wave in the transverse direction track with guards
Frequency = 1Hz
Max. accel. = 4.8 m/sec?
Waves =3
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- 1 Touch down
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Jumping on the track

Vertical displacement of right wheel
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MNext generation High-speed railway- MGLEY Train

Superconductive Magnetically Levitated train System

Guideway
= Newly developed Side-wall levitation system using twin-beams

= Due to magnetic forces between SCM (Superconducting Magnet)
and ground coils on twin-beam, the train has forces for levitation,
guidance and propulsion.

Twin-Beam (12.6 m)

Twin beam guideway structure
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Mechanical model of a Maglev train
Components of Maglev train

@ Body
@ Truck
e SCM
@ Wheels under truck in vertical and transverse directions

Side view Section
2
. WH"M* " Body (Cabin)
i ‘mﬁr 3 I FTEgE T
- Truck Truck ,-1- Truck 1--,
Spring Spring !
scm scMie 806 518 Cl5
Wi ' Magnetié # T ¢
force Groung

DIAMAGS - A computer program for the dynamic interaction
analysis of a Maglev train and the guideway structure

m Simulation of a Maglev train running on the guideway at the
speed of 550km/h has been made to design the railway system

This document is provided by JAXA.
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i

Yamanashi Maglev Test Line (42.8 km)

Visualization of the simulation results for Shinkansen train and Maglev train

This document is provided by JAXA.
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Concluding remarks and lessons from experiences

m Basic ideas of the mechanical model and numerical method to solve for
the dynamic interaction between a high-speed train and railway structure
effectively were discussed.

m Based on the methods the simulation programs have been developed.

m Some examples of numerical experiments were demonstrated.

m Research works have values when implemented in the software and used
for the design of various products in industries and society.

Numerical experiments would be effective in designing safe and
comfortable high-speed railways requested as the third approach
after the experimental and theoretical approaches people have
created.

This document is provided by JAXA.



BB S 5 13EIRBR AN Y — 7 ay TR 53

EHEO JAXA BREERBR I =~ & FHER
TERE OIS, RO SA L MAGLEV OSA OFEINH TV =23, HUEME & /-1,
MAGLEV ([ZEM NG T 52 L1280, L—LDOgAEDY I 2 b—a v &g LT
MWL 720720 EboT2 0352 E1dH 5D,

FRE

HA R =2AZDbDTH EITH D720, AR ZEWN TRV, R ITHENS A>T
B, R OGEIIBRO THICHIEK % 5 2 T\ b, MAGLEV 056 bR TH
D, HA R =ADFEIZANE 52 TET /UL L TWD, BOFEICNEOA %5
7varyOffEThY, EBHFEREXOFTHELTER LTS, HIENA-TZHAITIX
ARz ADBFENDLZLIZE->T, ZOEBE AW ZE L THERIZEDY TN ETR
ST DEWVWIIEFITHEMERBG N > THD0, TRHLE 00 T TICiKiEER
ZiTHo T 5,

E#EQ  JAXA [IAFH

o a L Ba—2 v Ialb—var EEBEOFERE QIR T, €7/ ORE S RIZEA
ERTT X — BB, TOFTRIZEIZIC Y 7 LTS EWV D IEERREFAIC 3
B<BWDEZAIZNES> TV, ZHUIMNH LR - FEE2 527206 3 Blce—27n
NODTho>T, EOFRMEZERDEE) L ZAICE—IBIALDE VNI BGRD),

FERHE

P20 D2 =2 L—3 3 URER TR, IREVE 1Hz O % 3 N TnW5E, Py Ao
WIZEoTIV 7T v IR SoTNDHZ EEZRLTWD, Uy 7 I3H 2 HEMOAE
THRALTEY, F 1 REIRM 27225, % 2 IH CTHAR L CTBUREZOEENIC A>T &0 D
ZENHAEALD, P18 THREETH Y | #RENE T 0.5Hz TR L TV BRIz L
TWHLEA IV TCHIRBGNEZ TV 7T 407 L) ZEERLTND, JEHK
BNEDLNIZE—7 OISELET D,

i

— R e BB B O 2 2B O HE VW) DT a v B o — R BRICHEAI L TV D
D, REVara—2bHTEFEOFEREE T L O 2REE TEMINL TN DD,
FE L THOLBOEWKT, $EOHRIIMENICa L Ea—FDHIZy 7 FLTWD &
WD KD R FERENHIVUTERGE & BRI S THENW -,

This document is provided by JAXA.



54

FHIM 22T TEBR FE A RFRI B JAXA-SP-15-019

FERE

RNVIY ERITERORRIE L B Z TV D, BUELRBRIIIFEFICEETH 520, HEITRE-
TWD, (& A EHMERITILEE L TBWT, HEFEROZN G TH 57 — & HIE )3 i
W2 EEERT HIOICHKBZITRR AT . ZhADNRITEEL LB X5, Fipf T AR
FEBRORERNF LT 7o, FRITREDN Y 223 8RIL BB Copl T, L—/L I A %
ZhZ TENS EfT S0 Zoftiax Bl E 5 2 720 3 55878 & 44T > T\,
IO ERCHEITBIENICART 2 b OITRMAYIZITV, T E MR T 2 13 & F2 a5
TITo T 5, bkt b 4FE = HICHE LS, BUEHBEOZRERICHEELZ L, 55
TWDNE ) EKT validation L TWD, TGS, FRITEHEITRBREZ Lo 72139
MEWERITEZ TN D,

This document is provided by JAXA.



	AA1530044000(SP-15-019)★ 37
	AA1530044000(SP-15-019)★ 38
	AA1530044000(SP-15-019)★ 39
	AA1530044000(SP-15-019)★ 40
	AA1530044000(SP-15-019)★ 41
	AA1530044000(SP-15-019)★ 42
	AA1530044000(SP-15-019)★ 43
	AA1530044000(SP-15-019)★ 44
	AA1530044000(SP-15-019)★ 45
	AA1530044000(SP-15-019)★ 46
	AA1530044000(SP-15-019)★ 47
	AA1530044000(SP-15-019)★ 48
	AA1530044000(SP-15-019)★ 49
	AA1530044000(SP-15-019)★ 50
	AA1530044000(SP-15-019)★ 51
	AA1530044000(SP-15-019)★ 52
	AA1530044000(SP-15-019)★ 53
	AA1530044000(SP-15-019)★ 54



