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SIMULATION FOR ANALYSING DIRECT DERAILMENT
LIMIT OF RUNNING VEHICLE ON OSCILLATING TRACKS
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A practical simulation method for analysing direct derailment limit of running vehicle for high speed
train on oscillating track under an earthquake using a 3 dimensional one vehicle model was proposed. In
this method, the Kalker's simple theory and a newly introduced 2 point contact algorithm were applied to
estimation of wheel/rail contact force. These application carried a possibility of direct derailment
estimation which differed from previous indirect derailment estimation. It was clarified that the jumping
derailment occurred at lower lateral frequency of track oscillation but the mounting derailment did at
higher frequency and that the derailment limit of track amplitude showed larger value than that of

indirect previous method.
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1. PREFACE

Authors have reported a paper on running safety
of railway vehicle on oscillating track using a
mechanical model with vertical wheel flanges
In that paper, past studies on the running safety of
railway vehicle on oscillating tracks e
were briefly reviewed. And so called the
Levi-Chartet formula was simply used there to
estimate the wheel/rail contact forces. Finally, it
proposed a tentative limitation of ground
acceleration for estimating the running safety of
railway vehicles taking into account 'a wheel
separation height from the rail' as well as 'the ratio
of lateral load to wheel load (Q/P)'

However, the safety estimation only with the
wheel separation height or with Q/P is not
sufficient to find the derailment itself. That is, the
derailment was estimated indirectly in the former
studies. Therefore, it will be necessary to improve
the way of computer simulation, especially in the
analysis of the wheel/rail contact mechanism, and
necessary to simulate directly the time process of
derailment and obtain its limit for more reasonable
safety estimation of the railway wvehicle on the
oscillating track.

For this purpose, the

Kalker's nonlinear

creep theory ® . the most accurate method at
present, for estimating the wheel/rail contact
forces will be used in this paper. By using this
theory, a direct simulation method which is able to
pursue the movement up to the real derailment of
running vehicle on oscillating tracks will be
proposed. As numerical examples, simulation
results on the dynamic response of railway vehicle
shaken by an earthquake and a tentative safety limit
for laterally oscillating tracks will be shown.

2. OUTLINE OF DYNAMIC MODEL

Main analytical assumptions for dynamic model
are shown as follows. Here assumptions 8), 9), 10)
correspond to those in the reference 1).

1) Sectional profiles of wheel tread or flange and
rail top are defined arbitrary.

2) Wheel/rail contact forces are obtained by the
Kalker's nonlinear creep theory.

3) Wheel/rail contact geometrical properties in
sectional profile are defined by a wheel/rail
relative displacement and are never affected
directly by the yaw motion of wheelset o
except for longitudinal property.

4) Status whether the wheel is in contact with the
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rail at one point or two points or it does not
contact at all is to be discriminated by the
wheel/rail relative displacement.

5) The rail is to be replaced with a dynamic
system having equivalent mass, damping and
spring which are moving longitudinally together
with the wheel.

6) The equivalent mass of rail is only considered
for the lateral movement.

7) Both of the vertical and lateral equivalent
spring constants of rail "’ are calculated by the
practical solution for the torsion of rail proposed
by Hoshino * , adding their nonlinear property.

8) The railway vehicle is the ordinary 2 axle bogy
car for high speed train composed of 1 car body,
2 trucks and 4 wheelsets.

9) The car body is connected with the trucks by
nonlinear secondary springs and bolster anchors,
and the trucks are connected with the wheelsets
by nonlinear axle springs.

10) A non-linearity caused by a component shift
of vertical and lateral spring forces with the roll
motion of vehicle is taken into account.

11) The wheelsets, trucks and car body are
assumed to be rigid bodies except at the narrow
contact portion of wheelsets in calculating the
wheel/rail contact forces.

12) The rail deflection as an beam action in
bending and torsion is considered. On the other
hand, the elastic deformation of rail section is
neglected. But a small elastic deformation of rail
at the narrow wheel/rail contact portion is
considered.

13) Any kind of the gyro effect is neglected,
because it will be considered to be comparatively
small.

The 3 dimensional coordinate axes x, y, z denote
longitudinal, lateral and vertical, respectively.
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Fig.2 Contact point and wheel radius increment

3. FUNDAMENTAL PROPERTIES OF
WHEEL AND RAIL

(1) Wheel/rail contact geometrical properties

A coordinate origin of wheel or that of rail is
defined to be the contact point of wheel and rail in
their standard contact position. The wheel/rail
contact geometrical properties should be calculated
in advance in relation to the wheel/rail relative
displacement,

ywrzywir ¢ WY (6))
where, ywis the lateral displacement of the wheel
-set, ¢  an equivalent non-linear roll angle of
wheelset defined by an expression with the real roll
angle ¢ as Ew=sin¢w+b/r(cos év-1), .
the lateral displacement of the rail, & a half
distance between the standard contact points of
right and left wheels, and 7 the standard wheel
radius. The sign * is applied to the right/left side
of the wheel or rail, respectively.

For example, some contact geometrical
properties for the standard wheel section of
Shinkansen °’ and that of the 60 kg/m rail are
shown above. Sectional profiles for the standard
contact state are illustrated in Fig.1. A wheel radius
increment AR, contact coordinates ¥., and z..
for ywr are shown in Fig.2.

The actual radius of wheel is R=r+AR . The
contact coordinate on the wheel 2.+ indicated in
Fig.1 will be calculated easily. A wheel tread
gradient 7 and a ratio of semi-axis of contact
ellipsoid @./b. for ¥, are shown in Fig.3.

The longitudinal and lateral semi-axes @. , b.
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Fig.3 Tread gradient and contact ellipsoid

of the ellipsoid occurring at the wheel/rail contact
point are calculated with a normal component of
the contact normal force, an effective radius of
wheel, the sectional radius of the wheel and that of
the rail at the contact point '’ where the effective
radius of wheel is expressed by 7/cos 7 that will
be described on a declined y—plane by angle equal
to 7 around x-axis containing the contact point.

On the other hand, a contact point on the wheel
for longitudinal coordinate is expressed by

Tew= 77(w - &) @)
where, ¢« is the yaw angle of the wheelset and

¢ rthe alignment angle of the rail that will be
given by Eq.(35).

(2) Wheel/rail contact force in nonlinear creep
theory
The longitudinal creepage ¢:.x and the lateral
one ¢y and the spin ¢rxy on the wheel/rail
contact surface are

o=~ Gut®R-91} 3a)
Y v

. . . . 1
cry=Uw+r¢ w_v(pw_(yr‘ygs)}m (3b)

Crxy=-{%(SET—;S_W@ST)‘Q/JWCDST}E (BC)
v

respectively, where, v is the rolling velocity of
wheel or running velocity of vehicle, ¥¢s a static
lateral displacement of track estimated from the
track irregularity that will be shown in section 5.,
and (*) means the first differentiation in time.

The creep forces will be derived using the
Kalker's nonlinear creep theory. Linear forces AS«
and ASy for x and y directions respectively, at the
point x, ¥) in a small area A are calculated by
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in which G is the modulus of rigidity of steel,
Ci1, Cqo2, C23 are the Kalker's coefficients
defined with @ and be '" .
Then, the nonlinear creep forces AT« and AT,
in the small area are estimated according to the
mechanical condition whether the contact state is in
adhesion or slip using the total linear force

AS = ASZ+AS 2 )
and the maximum friction force
2 ezbEZ_beQ 2 _ e2 2
A= 2V ARLL R Y

albln
where, # is the coefficient of friction.
Finally, nonlinear creep forces in the contact
ellipsoid area are obtained as

TX=ZATX) Ty=ZATY (8)
The normal force N is estimated by
N=Pcos r+Qsiny )

where P is a wheel load which will be given in
Eq.(17) with a few state quantities. On the other
hand, the lateral load @ will be estimated by
Q=Ptany-T,. (10)

(3) Equivalent spring constants of rail

Referring the mechanical model " shown in
Fig.d, equivalent spring constants for lateral k.
and for vertical k.. will be expressed by



kry=‘—}*“£:, krz=“‘-‘l§“’—7e‘7 an
dh ot 2]{V 1 +yc r~hrq_i:zy
where d is an inverse of equivalent torsional

spring constant around the shear center of rail
induced by Hoshino > that will be expressed by

ar lgyh 2r
ca-DA+
aknla xd e hu

ek an@a-DiGiznac | 0P
in which « =(C/Cw)1/2 and B v = {Ky/(4EIy)}V4'
In Eq(11) and (12), ko is a distance of the
loading point from the shear centre, K, a lateral
spring constant of the fastening device per unit
length, k., a distance of a loading point of the
lateral load from the rail base, a@. a rail fastening
distance, n (=1.7) a weight parameter for reaction
of several fastening devices for approximation, C
the torsional rigidity, C« the bending torsional
rigidity of rail, k2. a distance of the shear centre
from the rail base, EI, the bending rigidity of rail
in horizontal plane.

Also, k..’ is an equivalent spring constant for
the normal axis of rail as shown

k.. =8EIl,B,°/{e “2(cos £, +sin {,)} 13)

where, B.={D/UEL)}* C,=a.B./2, D is the
ballast sinking coefficient per unit length, EI, the
bending rigidity of rail in vertical plane.

Further, k¢ is an anti-tilt coefficient of the rail
fastening device which, in case of the tilt-angle
satisfies €<, , is calculated by

kfzi_(klrblr k2rb2r2
ar 12 2

or, in case of #28, , that is the condition of
partial separation of rail base and rail pad, by

klrxz blr kzrbzr blr+b2r
{2blr( ) — )}—

where, b1, is the width of the rail pad, bZr the
distance between the fastening clips, ki. the
spring constant of rail pad, k.. the spring constant
of clip. On the other hand, the parameter x and
1 with the rail pressure w; are defined by

) 14

(15)

by 2 birtbor 2k w,
SETLL P By okor 16
rERe klr\/z b, ket T (162)
2
b, =21y =P{l-e:cos L.}, (16b)
blrklr

The equivalent damping factors of the rail for
lateral and vertical directions are denoted as ¢:y
and ¢.,, respectively. An additional latera]

displacement of the rail y, affected by the wheel
load and its corresponding contact points will be
expressed in a simple formula, easily.

4. DYNAMIC MODEL OF VEHICLE AND
TRACK

" (1) Wheel load and lateral load

Using Eq.(11), the wheel load P is written by

P=hey(@r2:)Ceo(20-2)4P:20 an
where, 2, which will be given by Eq.(34), is a
forced vertical displacement of the track at the
wheel position, and Ps=(my+m+2my)g/4 is the
static wheel load, with the gravitational acceleration
£ , a vehicle body mass my, a vehicle truck mass
m. and a wheelset mass m., and 2. is the
vertical displacement of rail that will be expressed
by the status values and the wheel/rail contact
geometrical properties with a vertical displacement
of wheelset 2w as

(18)

A lateral load acting on an anti-derailment guard
installed inside the track will be expressed by

& =key (~wtye - uG)'*‘CGy(_yW"'.y 220 (19)
where, kcy is the lateral spring constant of anti
~derailment guard, c¢cy the damping coefficient
of it, ¥. a forced lateral displacement of the track
that will be given by Eq.34) and #c a wheel
flange back face clearance to the anti-derailment
guard '*’ . Here, the mass of the anti-derailment
guard is neglected.

Subtracting the lateral load acting on the
anti-derailment guard given by Eq.(19) from the
lateral load acting on the rail given by Eq.(10), the
lateral load acting on the wheel is obtained as

Qv=0Q-Qc. (20)

Increasing the relative displacement ywr, we can
find a singular point in the wheel/rail contact
geometric properties as shown in Fig.2 or 3. This is
a shifting point which moves from 'the wheel tread
contact state’ to 'the wheel flange contact state'.
According to the sectional profile of wheel and rail,
the shifting point appears smoothly or abruptly. If
it appears smoothly, no problems will be found on
the process of numerical analysis. But when it
appears abruptly, the problems like numerical
divergence are to be presumed.

To avoid these problems, here a concept of two

Z2r=2wib @ wHr+zowtac,.
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Fig.5 One vehicle model

point contact condition is newly introduced in
algorithm. It will be shown as follows.

If the wheel/rail relative displacement satisfies

Y1 <Ywr <Vr, (21)
the contact status is regarded as in a 2 point
condition where yr is the maximum of the
wheel/rail relative displacement which is in the
wheel tread contact status, and yr the minimum of
that which is in the wheel flange contact status.

The wheel load will be divided into two parts,
that is Pr acting on the wheel tread and Pr
acting on the wheel flange, simultaneously. One of
the most simple expressions for that will be

Ywr =1
Pe= Py P, Pr=P-P.

The lateral force @r for wheel tread and @+
for wheel flange are computed by Eq.(10) using
Eq.(22), and each wheel/rail contact geometrical
property. At the same time the lateral load is
expressed by

(22)

Q=Qr+Qr. 23

In practice, the length of 2 point contact section

have to be defined sufficiently small not to affect

the dynamic property of the whole model. The

most simple expression may be proposed for the
small length as

Ye=YF-Y1 24)
where
(aeg\/ Pcosyr+@Qsin :
o= 5 TF' 7F) 25)
7rSIN YR

which is the component of » in wheel's local
deformation induced by an elastic contact forces,
assuming that both of the wheel load and the lateral
load act only on the wheel flange where 7r is the
gradient and 7 is the radius of rail section at the
contact point of the wheel flange.
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(2) Coordinates and symbols

Vehicle masses, momentum inertias and their
coordinates are shown in Fig.5. In the next,
parameters for ith wheel, for jth wheelset or for kth
truck should be detected by suffixes i=1 ~ 8, j=1~
4 and k=1~ 2 added to each parameter at the last
position, respectively.

The wheelset and truck numbers will be counted
starting from the front wheelset. The numbers of
the right side wheel and the left side wheel in the
jth wheelset will be i=2j-1, i=2j, respectively. And
numbers of bolster anchor of right side and that of
left side in the kth truck will be j=2k-1, j=2k,
respectively.

A status vector of vehicle is defined as

yV=(}"w,Zw, D, P, Y1, 21, O, 01, Py,

Yo, Z"b, .¢b, by, ¢o, Vs Zws O, Dy,

Yo, Zu, @, 0, ¢, ¥o, 26, G, Bo, )T (26)
where each element of this vector is expressed by
sub-vector, for example

yw=(yw‘1,yw,z,yw,3,yw,4)T. (27)

Corresponding with the status vector a mass

matrix of vehicle is defined as
=Diag.(my, my, b, lv,m,me, { iy,
Ityyltz,2mb,2mb,21b><y21by,2[bz) (28)

where, suffix T means the franspose and Diag.(*)

the diagonal matrix of which elements are *s,

respectively. Each element of this matrix is
expressed by sub—matrix, for example
@9
A wheel load vector P and a lateral force
vector Qw are obtained by Eq.(17) and Eq.(20),
which will be able to express by the status vectors.
The torque T, around the z axis acting on the
jth wheelset caused by the longitudinal creep forces
given by Eq.(8), the lateral forces given by Eq.(20)
and the longitudinal contact points given
by Eq.2) on the right side (:1=2j-1) and left
side (12 =27) is written
Ty, i=(Ty, i1+Tx. iz)b‘{'(Qw. i, Xew, 51+Qw. i Xew, 12), (30)

A torque vector Tw will be obtained using these

my= Dlag.(m wyll s, M, I w)-

expressions.
A status vector of rail is defined as
yr=(y LY e Yrg¥ru¥re 'yr.S)T (31)

where ¥r,; denotes the lateral displacement of the
ith rail toward the outer direction of the track.
Corresponding with this vector a mass matrix of
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rail is defined as
m . =Diag.(m .,m ., m e m e om e m o mem). (32)

A lateral force vector @ will be obtained with
Eq.(23).

(3) Vehicle spring forces

Spring contraction vector of wvehicle g is
obtained with the vehicle dimensions and the status
vector by the ordinary method. The corresponding
spring force vector will be obtained as a function
of the spring contraction vector of vehicle as shown

=K{g.(y\)} (33)

where K is a vector function which connects the
spring contractions and spring forces with bilinear
property caused by the spring stoppers. And in that
function, the acting points of vertical and lateral
vehicle springs are modified for the sake of
non-linearity relating to the lateral displacement
and the roll angles of the body and trucks.

The vehicle parameters used in the above
equations are shown in Fig.6.

5. DYNAMIC EQUATIONS

The track is assumed to oscillate laterally and
vertically having track irregularities in lateral and
vertical directions. The time functions of lateral
oscillation and vertical one are ¥¢4(f) and z.q({),
and the space functions of lateral irregularity
and horizontal one are ¥es(x) and z.< (%),
respectively.

Using a longitudinal displacement of jth wheelset
x;(), for example x:()=vt for 1st wheelset, the
lateral and vertical displacements of track under the
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ith wheel at the arbitrary time are, respectively.
Yei=Yeal) +yzs{xi O} (34a)
Zsi =2z tzes {2} (34b)
Using the lateral irregularity of track, the alignment
angle of rail under the ith wheel is

- J.’gs{xj(t)}
¢r,1 = _—U—‘-"

The dynamic equation of ith rail for lateral
direction is obtained as

MYri= Koy Wi Yoot Yeoi) Cov. il i Yo ) @i (36)
where Yp.i is expressed by the wheel load as
mentioned in 3(3). Defining a new vector, that is a
forced displacement vector of track as

yg=(3.’s'1"‘)"3.4,yg.1f"ysv4)T @37

the dynamic equations for the lateral movement of
the rail is obtained in matrix form as
m: 0

&

where C is a vector function of the contact forces
P, @ expressed by the status vectors ¥ , ¥: ,
and also D is a forced vector function of outer
forces induced by the forced displacement of track
Ye .

The dynamic equation for the vehicle is given by
[mv 0

o 1/

where, B is a vector function of the inner spring
forces R, given by Eq.(33), the wheel/rail contact
forces P, Q. and 7. These are expressed by the
status wvectors Y., ¥., and the forced
displacement of track y, .

The dynamic equations of rail and vehicle are
connected by the lateral loads @, @ and Q¢ as
given by Eq.(20).

(35

]y'r =C(P,Q,y)+D(y)  (38)

] ¥v=B(P,Qu,Tu, Ry, yv) (39)

6. SIMULATION EXAMPLES

In this section, a few numerical examples will be
shown. The standard parameters of Shinkansen
vehicle used here are the same as those used in the

former paper \’ . The main parameters for the rail
and track used here are as follows;

me=01t,hrq=0.174m, b, =0.138m, b2 =0.103m,
ho=0136m, k. =89,000kN/m, k2. =>5,780kN/m,
a; =0.6m, C=2303KNm?, C,, =326/Nm*, D =ocokN/m >
K, =19,600N/m, EI, =1,072Nm?, EI,, =6 359KNm?,
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Fig.8 Response curve of Q/P

As for the numerical integration, the two contact
conditions of Eq.(22) and (25) are used, and the
Runge-Kutta~Gill method was used with step time
interval of 1/1000 sec. for the wheel tread contact,
1/5000 sec. for the wheel flange contact state.
These step intervals are determined to be nearly
equal to 1/30 times of the lowest natural period of
rail lateral vibration. The lateral natural frequency
of the rail moving together with the wheelset in the
wheel tread contact state is estimated as about 30
Hz, on the other hand in the wheel flange contact
state it is estimated as about 100-150 Hz which is
the lateral natural frequency of rail top.

In the following examples, the right-side and
left-side wheels are also written as A-side and
B-side, respectively. And suffixes a and b are used
for the corresponding forces.

(1) Simulation on mounting derailment

Simulation results on mounting derailment will
be shown here for a single wheelset. The wheelset
is assumed to be subjected to forces

sza=Ps_aFv ,szb=Ps+aFv ,Fwy=th
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at it's acting points of axle spring as shown in
Fig.7.

In case of ¢ =0 with these forces, response
curves for the Q/P at the rail contact point are
shown in Fig.8 where a =(f-to)./t; with an idle
time fo and a transient time /1 being set here as 4
sec. and F, =F, =60kN .

The displacement of right-wheel illustrates
repeatedly an 1 point contact state and a 2 point
contact state between 1.5 and 3.7 sec., as shown in
this figure with horizontal line. And the
displacement of wheel increases rapidly, and it's
vertical one reaches to the flange height 30mm
after 4 sec.. At the same time, the Q/P gradually
increases from 1 to 4.5 sec., then it is recognized
that the mounting derailment occurs when it
exceeds 2.0.

It is shown that a wheel flange mounting on the
rail starts at the various amount of Q/P according
to the different attack angles, and it continues even
if Q/P may decrease when the mounting once
started.

On the other hand, for the following forces in
relation to the yaw angle of wheelset or so called
attack angle, that is

F,=F,=60kN for ¢ 20,

F,=120kN, F,=240kN for¢.<0,
displacements of wheel were calculated. Here, these
forces are estimated so as to the mounting
derailment appears to be sufficiently clear. In cases
of ¢ +=-0.03, 0.0, 0.03 (rad), the Q/P in relation to
the lateral displacement of wheel are shown in
Fig.9 where the running speed is 200km/h.

Maximum Q/P for the attack angle (-0.05 to
0.05 rad.) are shown in Fig.10, where the
coefficient of friction # are given 0.1 and 0.25. It
is shown that the mounting limits in Q/P are 2.0 in



10— 558 LTI 2 300 orTh/5hiin )
§ g r W : . )
S gt P & 0 N ez
p- . siCpefticient of friction s 7 5,38 0N
. k=025 E-aoo U37/Dwn {UD) Kiba=raabi NS+UD
= ‘4.‘ a 3002 3 4 5 [} 1
g S 3.93 200kn/h Kobe-nanmbu NS+UD
= 4 200 f
= ) e h = Lateoral Toad:Qa J\/Wheel load Ps
! %o el s T NN Derailnent
: =010 .- ER
- Lo 148 = R o s
- 0 200 Latoral load Qb L5 38
-50 -40 -30 ’20 ‘]0 0 10 20 30 40 50 300 2nd whee!l set Whee!iload Pb
Attack anglo(m rad) 2 3 4 5 ] 1
Time(s)
Fig.10 Mounting limit in Q/P for attack angle
Fig.12 Response for Hyogo-Nanbu earth quake
= 08 250kn/h.i. Horizonial acealeration af cqr body
= gt g B T M
= 0.4 (WA, W AR T NNV Y V0 S AN 'k SO A S I ¢ = 200kn/h Kobe-ndnbu NS+UD
= BN £ BT ANV, IY I A SO ALY WYL LA i ¥ 99 = 30 |
SR R S AR B VR S YV A MO APLEI VIR B : < B
S04 ¢ t/‘"“- AL S 0 YIRS R V Wiy S %
- o0 4 A N [E =
- Hedr -
R s W (\A/'d heol | Flangs hight
= 1§ Ly i Lateral displacement of Ts{ wheel sol = } side whee thee iy
= 10 H-side Ea g i N PN o W ;;\. T v ° 0 Trtjestory
= 5 T a0 ..'/‘\' St e .'/ \ .'7‘\ Nt = }
= v MV = -1
s ! 1" LYY S S TR R TR TR TR TR
2 10 ‘ e Herizontal displacement (mm)
= 15 2 { ; g 10
[~}

Fig.11 Response of vehicle on track irregularity

case of ¢ =0,1.5 to 2 of positive attack angle but
4 to 9 of negative one. The derailment limit
approaches the Nadal's value °’ as the absolute
¢« increases.

(2) Simulation for track irregularities

A simulation will be shown for some track
irregularities. The lateral displacement of the first
wheelset and the lateral vibrational acceleration of
the car body at the center of the first truck when
the train is running at the speed of 250km/h are
shown in Fig.l1 where the sample waves of
irregular track using here were drawn from the
power spectrum densities,

S(fr)=107"/f*(m®)
S(fr) =2x10"°/f*(m®)
where fr denotes the space frequency.

As shown in this figure, the wheelset runs with
lateral motion touching repeatedly the rail inside
face. The lateral motion of the wheelset is nearly
equal to the track in period, but its amplitude is

for lateral,
for vertical,

Fig.13 Wheelset movement
(Hyogo-Nanbu earthquake)

larger than that of track. The lateral vibrational
acceleration of car body is resemble to the lateral
displacement of the wheelset in wave form, but it
has sharp peaks at the wheel touching points to the
rail.

(3) Simulation for the real earthquake

Response curves of the rear wheelset in the front
truck (2nd wheelset) for the lateral and vertical
motion of track transcribed from the NS
(north/south) and UD  (up/down) data of
Hyogo-Nanbu earthquake(1.17,1995) are shown in
Fig.12. The carthquake data was observed at the
Kobe Observatory of the Meteorological Agency
Japan where the vehicle speed is 200km/h.

The right-wheel once separates vertically from
the rail after taking a peak in its wheel load at the
beginning of the main earth quake motion. It
moves rapidly outward the track, dropping on the
rail top, and finally takes a large displacement to
the rail at 5.3 sec., as shown in Fig.13.
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Fig.14 Derailment limit for track lateral vibration

These results almost coincide the last simulation
results using the same parameters and same
analytical assumptions except for the wheel/rail
contact conditions ' *’ .

(4) Tentative safety limit for the laterally
oscillating track

The safety limit in amplitude of lateral vibration
of track for given frequencies against derailment
are computed by the new numerical method
derived in this paper. And it is compared with
other simpler methods as illustrated in Fig.14
where the given lateral vibration to the track is an
artificial wave that has a sinusoidal fundamental
wave with 5 periods being multiplied by a
half-sine function having a period of 10 times of
the fundamental one.

The other methods being shown here are the
Matsui's plane model with 3 degree-of-freedom
(3DOF) ", and a plane model with 9DOF which
is obtained tentatively modifying the Matsui's
model by adding vertical motions of car body, of
truck and of wheelset, roll motions of truck and of
wheelset and a lateral motion of truck.

The 3DOF model is the most simple one where
the wheelset moves together with the rail, and only
the ratio of Q/P(<2) is applied to running safety
estimation. On the other hand, in the 9DOF model
having vertical flanges, it is assumed that the wheel
contacts with the rail through nonlinear creep
forces, the rail moves together with the track, and
the longitudinal parameters of vehicle are entirely
neglected. And also the estimation of running
safety is able to perform by the degree of
wheel/rail separation as well as Q/P.

Computed results obtained by the simulation
using the new model (39DOF model) are marked o
for the safety and e for the derailment in this
diagram. As far as the derailment limit, the 39DOF
model almost corresponds to the 9DOF model in
case of lower frequency less than 1.5Hz. And also
the 39DOF model gives a larger derailment limit
than the 3DOF model. The simulation of 39DOF
model gives a jumping derailment at the frequency
lower than 1.2 Hz, a mounting derailment at the
frequency higher than 1.5 Hz.

On the other hand, a trial simulation for
estimating the mechanical effect of anti-derailment
guard is performed where the gap between the back
face of wheel flange and the anti—derailment guard
is assumed to be #¢=0.03m which is smaller than
the standard gap, the spring constant of guard and
its damping factor

k =15,000kN/m , ¢c = 7.756kNs/m |
respectively.

As shown in the diagram, it will be said that the
efficiency of the anti-derailment guard is
recognized in the frequency range of 1.2 to 2.1Hz,
but it is not recognized in the other frequency
range.

7. CONCLUDING REMARKS

In relation to the safety estimation of vehicle
running on a oscillating track, a new computing
method which is able to pursue the movement up
to the jumping or mounting derailment was
proposed. The application of Kalker's theory and
newly introduced 2 point contact algorithm at the
wheel/rail contact point mainly enabled the direct
derailment analysis.

A simulation result with this method up to the
mechanical derailment was shown using real
earthquake data. Further, it was shown that the
jumping derailment occurs at the frequency lower
than 1.2 Hz, but the mounting derailment occurs at
higher than 1.5 Hz according to the simulation with
the lateral vibration of track of which amplitude
modified.

According to this analysis, in comparison with
the results of indirect estimation of derailment
previously obtained, the derailment limit of running
vehicle on oscillating track shows large value as a
whole. In case of 1.5Hz track lateral vibration,

71s



amplitude of derailment limit of 55mm increases
about till 80mm. This indicates an important
meaning in practice.

Comparisons with simpler models were
illustrated and efficiency of the anti-derailment
guard was estimated tentatively. More precise
estimation of parameters of vehicle models, spring
constant or damper coefficient, stopper gap for
example, remains as one of the future problems.

But it is still necessary to investigate the method
how to increase the limit of running safety for the
oscillating track caused by an earthquake having
frequency about 1 Hz for jumping derailment. One
of the effective methods for that will be a direct
preventing by means of the anti-derailment guard.
The determination of the practical structural details,
however, remains unsolved. Further, it will be
considered to investigate the effect of improvement
of the wvehicle dynamic property. It will be
worthwhile to propose a more accurate dynamic
model for anti-derailment guard and also the most
appropriate  simple model of wvehicle for
investigations on oscillating track for practical
purpose.
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