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Simulation of Train Crashes in Three Dimensions
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Abstract
It is important to predict the crash behavior of trains to improve their crashworthiness. This paper
investigates the simulation of high-speed train crashes in three dimensions using multibody dynamics.
At present, little is known about three-dimensional crash simulations. This study shows that it is
possible to simulate overriding and lateral buckling, including results from one- or two-dimensional
simulations. Several parameters, however, such as computational time and large deformation of
structures, need further investigation.
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M : system mass matrix

acceleration

applied force

q

Q

@, Jacobian matrix
A : Lagrange multiplier
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RHS of acceleration of constraints
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Fig. 1 Muitibody dynamic system
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Fig. 2 DADS dynamic model of KHST
consisting of 20 cars



Fig. 3 Multibody dynamic model of frontal 5
cars of KHST
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- Ist suspension (wheelset - bogie)
1 - double coil spring

2 - vertical ofl damper
Car body 3 - guide spring

- 2nd suspension (bogie - car body)
4 - stect spring/elastic bearing
5 - vertical oil damper
6 - lateral oil damper
7 - anti yaw damper
8 - lateral bump stop

Fig. 4 Dynamic model of the power car bogie
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- Ist suspension (wheelset - bogie)
1 - double coil spring
2 - vertical oil damper

3 - guide spring
Car body

™ - 2nd suspension (bogie - car body)

4 - airspring

- vertical oil damper
- lateral oil damper
- anti yaw damper

~ anti rofl bar

IR I Y

- bump step

Fig. 5 Dynamic model of the motorized trailer
bogie
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1 - doubie coil spring

\ 2 - vertical oil damper

3 - Swivel joint

Rear ear body

- 2nd suspension (bogie - carrying ring )
4 - air spring

mg ving

5 - vertical oif damper
s v of 6 - lateral oil damper
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Fig. 6 Dynamic model of the passenger car
bogie

Bt AT Bs=EE | M5H / A3 / 200217 / 189



AHAOIM el HAL SEAD AlZEI0IN 7

22 gxje) of WY Bd

FE 4 2l oln FAY W WL 13
ot B} B E=EAAE A mAE 2ds] o
ol Ao A Aojo] ) WY £xYo] o] T
sAle] o WY YWY 54 Fig 7 2 sxd
YAz Qe ZETh KHST A% 2oy 6~
0% A, AAYA, dASe YFAFon Ed
Sn AgAloldls B saHAs sxgor o
Aste] mAGTh I3 1~53L AAS 2R BA
2 BYS F PAVNE o] AzHIAx Azye
olg3tel ©l WHL nHFTh et DADSIE of

SR s B et e E B

7N skl o]»‘ldt}[%
3 edeoldo] wol AA A%
o A77k . FE A

) NI

N Loading force-deflection

Force(F)

Deflection( &)

Unloading force-
deflection

Fig. 7 Hysteresis spring model for large
deformable bodies
23 xg-FolE2 55 24
dast Folg ZA FEL
HEe08 olgdth olgd I
CONTACT 8.4[12]2 Wy T H&Eg 2831y
3o}y & KHST9 $E3te Ede 35 849

72 goac Avre §
13 3te] o] CONTACT 84

U

=24 [/ Hb5H / M35 / 2002

847 glemg AMEA

a4

AAZ FEAAA HET
o] =] thg

24F DADSE

Force,,ma =k + b e
Forcetangential = NForcenormal (10)
o 7] A,

k . stiffness
¢ : damping coefficient

w  friction coefficient

Obstacle
Plane—sphere contact
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Fig. 8 Contact between obstacle and power
car(side view)
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Fig. 9 Frontal crash accident simulation
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Fig. 12 Axial acceleration of power car
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Fig. 13 Vertical forces on ball&socket joint to
connect cars
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Fig. 14 Climbing of cars(side view)
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Fig. 17 Lateral buckling mode of KHST
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Fig. 15 Side crash accident simulation
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