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Finite element models are usually presented as relations between lumped forces and
discrete displacements. Mostly finite element models are found by the elabor ation of the
method of the virtual work -which is a special case of the Galerkin's variational
principle-. By application of Galerkin’svariational principle to time dependent problems,
consdering elements bordered by geometry and time boundaries, we obtain relations
between lumped impulses and discr ete displacements. The analogy with respect to static
models which formulates relations between lumped for ces and discrete displacementsis
striking. Models are formulated using linear and quadratic displacement fields with
respect to time. Free model parameters are used to manipulate numerical stability,
accuracy and numerical damping.

These numerical toolsare used for the numerical smulation of a moving vehicle at a rail
track structure. The analyss shows the natural way of modeling a moving structure (the
train) with respect to a fixed supporting structure (therail track).

Keywords. Direct integration methods, finite element models, impulses, nonlinear
dynamicsyrail whed interaction, moving loads.

I ntroduction

Together with the development of the finite ement methods much attention has been pad
to the development of procedures for the evaluation of transent dynamic analys's problems.
The formulation of these models took place dong two different paths, the modding of the
geometry followed the procedures of the finite dement methods, the modeling with respect
to time was an dmost pure mathematical procedure. It is sldom attempted to integrate
these two processes into one procedure.

Mogt of the known integration schemes are presented either as a single step agorithm or
as a multistep recurrence scheme. The angle step dgorithms usudly assume continuity of
displacements, velocities and accelerations. These processes are easy to interrupt and to
restart. The multistep recurrence schemes are dightly more efficient but they don’t have the
flexibility of the sngle step agorithms. A mogt serious problem isthat continuity of velocities
and accderdions is not based upon physcd requests; in fact discontinuities are, in a
physica way, possible. Modes that require this continuity may show some shortcomings.

The introduction of time dependency in Sructurd mechanics requires some
genegrdizations. To begin with, a finite dement congderation assumes a domain limited by



geometry and time. Within this domain we have to formulate the conditions. Secondly the
mechanical quantities have to be generdized. The generdization with respect to time
introduces impulses in addition to the forces and adds velocities to the kinematic conditions.
Instead of the equilibrium conditions for forces we require aimpulse baance formulated by
the equations of mation. In the datic case these equations will degenerate into the
equilibrium conditions. The conditutive equations have to include reations between the
impulses and the veocities, whereas the Stress/'strain relations can be time dependent.
Findly, the boundary conditions have to be based upon conditions with respect to the
impulse baance.

All these conditions together are called the 'strong form'. The f.em. models based upon
these condderations will formulate reations between lumped impulses and discrete
displacements associated with points located in afinite domain limited by space and time.
The modd technique to consider discretisation both to time and geometry in the same step
has been applied to modd a vehicle moving on arall track. Because the vehicles degrees of
freedom (d.o.f’s) are moving with respect to the track d.o.f’ s the resulting equations are no
more symmetric.. Because of the large variation of the stiffness properties between the
sructurd components the model may show locad overshoot of some results; loca
adjustment of the free parameters solves this problem completely

Strong form
Equations of motion:

The basic law to be satisfied is the law of conservation of momentum, the impulse baance.
Based upon this law we formulate the equations of motion

Ls®+g°=p° 1)
inwhich

L - differentid operator, describing the equilibrium conditions

s® - dressvector

p°® - digtributed body impulse vector
g°® - distributed body load vector

The dot means differentiation with respect to time.

Constitutive equations:

The second law to be satisfied are the conditutive equations, the materia laws. The
condtitutive equations relate the stresses and the impulses to the strains and the velocities.
Werequire



s®=D%"
pe - Reve
inwhich
D® - rigidity matrix
R® - dendgty matrix

e
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e” - dran vector

V¢ - veocities
The condtitutive equations can be enhanced to the formulation of visco-elastic materids by
addition of agtrain velocity term following

s ®=Dje’+ D;é° (29)
In thisway we introduce materid damping into the properties.

Kinematic conditions:
Findly we have to satisfy the kinematic conditions formulated by

€)

L* - differentid operator, here the sdfadjoint of L
Uc - digplacements

The conditions (1) until (3) have to be satisfied everywhere within a domain W, say an
element, limited by time and geometry.

Dynamic boundary conditions:
At the boundaries we have to satisfy the law of conservation of momentum, thus the
impulse balance. We formulate the impulse balance by the condition:

-s°dAdt- prdV +PedS=0 4)

inwhich
S| - resulting stresses at geometrical boundary A
ps - body impulses, directions following tangent coordinates of A
P °- distributed impulse a boundary S, defined by time and geometry



Figure1l Boundary of a time space element

Mosly we will confine oursdves to pure geometricd boundaries, dS=dAdt and to
boundaries a fixed time points, dS=dV . Assuming the pure geometricd boundary then
P equasto the traction forcet?, thus according to (4):

t*-s°=0 (4a)
Assuming the boundary at afixed time point then we get the boundary conditions

e peat=t
Po= P 0 (4b)
p;=-p° at=t =t +Dt

where
ps - aoplied impulse & the beginning of timeinterva Dt
p; - ‘applied impulse a the end of timeinterval Dt

Kinematic boundary conditions:
Both with respect to geometry and time we require compatibility of the digplacements. At
the boundaries we require

U =us ©)
where

u: - displacements at boundary S.
Assembly conditions:

During the assembly of the dements we will require the satisfaction of the impulse balance.
In reference to (4) we require

SP? =Py (6)



where P° represents the applied impulse a boundary S.
Confining oursaves to the pure geometrical boundaries we get the equilibrium condition

Ste =t (63)
inwhich t; isthe applied load at boundary A.
Confining oursalves to the boundaries & fixed time points we get the condition:

p; +p! =p; (6b)
where

p; - theimpulse 'gpplied’ at the preceding time interval

p;” - theimpulse applied a the next time interva

p; - the gpplied impulse at t = t;

The Galerkin weak form

Limiting oursdves to the smple boundary conditions of (4a) and (4b) application of
Gderkin's variationd method to the conditions (1) until (5) yields the condition

R® = @die (LS® - p° +g°)dVdt + §iTe (¢ - $¢)dAdt +
VeDi ~el e ne hY "*ej:\eDt e ne (7)
+ G’uc (Po-P )|t=to dv + Gjuc Py +P; )|t=tl dv =0
ve ve
which should hold for every kinematicdly admissble variation duc® of the continuous
displacement fidd U7 (X, y, zt).
We will eaborate this condition. As a consegquence of Green's lemma we can rewrite (7) as
R® = Gy -d&°'§° +dv* p° +du; g°)dvdt +
VeDi\~T N g~el N y~al (8)
+ OCHUS tedAdt+ (§iT pedV + (§T° pdV =0
AEDt ve ve

Applying the more generd boundary condition of (4) we can write for (8):

R®= (§-de*'§°+dv® p° +duS g°)dW+gyitS PedS =0 9)

W

Dropping the time boundary term we easly recognize Hamilton's variationd principle.



Based upon (8) or (9) we can develop our finite dement models.
Linear models

The basic choice is to take the approximations of the displacements that satisfy the
kinematic conditions. The smplest way is to define atime interva Dt, with initid displace-
ments uand find displacements U ,and to approximate the displacements in between in a
linear way fallowing

u*(t) =a,(t)u; +a, (t)u; (10)
with

a,(t) =

+

NP N
9|~ 9|~

a,(t) =

Thetimeinterva isillusrated in figure 2. A conforming displacement field in thetime

domain is achieved in thisway.
/

; — I
t )

Figure2 A linear time space element

Within the elements, between the geometricd boundaries, we take the classcd shape
functions following

U (X Y,z,t) = N°(X,y,2)u(t) (1D
with the time dependent nodal displacements u(t).

Subgtitution of (10) and (11) into variationa condition (8) yields a condition that is
formulated with the use of the well known siffness matrix K® ,damping matrix C® and mass
matrix M® and consistent impulse vector m°,

We obtain

e __ eT e e BT e e eT e e eT eT e
R® =-du, HypU, - duy Hqu; - duy Hioug - du; Hi ug +

(12)

T T
+dus me +duf me =0

inwhich



e — e e 1 e
Hy =2,DtK® +b,C* +c, =M (13)

and
K¢ = §3J D, BfdV stiffness matrix
Ve

Ce= (‘j?FTD2 B°dV damping matrix
Ve

Me = (‘j\leTR NedV mass matrix
Ve

inwhich B® is the strain displacement matrix, relaing the strains to the nodd displacements.
For eaboration of the strain energy we can aso goply a nonconforming displacement field,
assuming

(1) =2 +u) +0 20, ug) (14)

with free parameter h . Teking h = 1 yidds the conforming modd (10).

This parameter will be used to manipulate numerical stability and accuracy. Substitution
hereof into (8) yields the coefficients of (13) following

e, 1 1 1gu 61 10
& "5 - 1590 &5 S &1 10
aij:é“ 127 4 127 b, =6 2 24 c, =& i (15)
él_ig L,Lgu el 1g el -1g
& 12 4 1270 g 2 20
inwhich g =h?

We will obtain the same results by adding a contribution <G to the Gaerkin residue
fallowing

DG = ¢y ,Dt*dvKvdt (16)
Dt

where y,=-(g-1).

The vector m® is called the consistent impulse vector, given by

ém§+U \éiol:l pnje ~e \@'O[J e ye A eTéJSU
6 0= g ONTgtdvdt+ e Oy ONStedAdt+ (N @V (17)
& .t ra

€ . Y
én g 10 e 1U e ve 1

Since R = 0 for every kinematicaly admissible variation du® it should hold that



e e e e — e+
Hoouo +H01u1 - mo

e e e e _ e-
HlOuO +Hllu1 _ml

For dl dements together we have to comply with

HOOUO +H01u1 :mg (18)
Hyou, +Hyu, =my

The equations (18) can be interpreted as the relation between the discrete displacements ug
and u; a thetime points t=t, and t=t; and the equivaent impulse loads a the same time
points. The correspondence with the gatic finite dement method is striking. In the dtetics
we relate lumped forces to discrete displacements, here we relate lumped impulses to
discrete displacements.

In these equations the initia displacements U, and impulses My are known whereas the
displacements u; and impulses i, are not known. From (18) we solve u; fallowing

u, = H(;ll(mg - Hoouo)

and subsequently
ml- = HlOUO + Hllul

Together with the applied impulse load n; at t = t; this consistent vector yidlds the initia
impulses m; for the next time interval

+

1=m

t
1

Because the most relevant gpplications of direct integration processes are found in the
nonlinear problems, we will aoply iteration schemes to the resdud impulses. Given an
esimate of the displacements T (t) we cdculate, usng (8), the initid impulses. The resdue

that remains will be used to cdculate an increment DI (t) to the displacements U(t) -see
figure 3-. This process is repested until sufficient accuracy is arrived.



applied
initial
impulse

initial
inpulse
follwing (8)

displacement *U(®1)

Figure 3 Aniteration procedure based upon residual impulses

Quadratic models

The modds discussed in the previous section have been based on a linear approximation
with respect to time. These models possess O[ Dt] accuracy with respect to time. In order

to obtain O[Dt?] accuracy we have to apply higher-order approximations with respect to

time. For this purpose we introduce per time interva Dt°* midtime discrete vaue per
degree of freedom (d.o.f).

t=t
0
N t=t
1
t=t
2
Ve

Figure 4- Discrete values with respect to time

Dropping superscript e we describe the displacement field by

u(t) =a,(t)u, +a,(Hu, +a,(t)u, (19)
with
aan:n%a-zég

t2
Dt2

a (t)=1-4

az(t>=§<1+2§)

Subdtitution into the variational condition (8) yields the matrices Hj; fallowing
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H,= a, DtK+bC +cijéM (20)

ij ij

Agan we can take nonconforming modifications of the displacement fidd for the evaluation
of the gtrain energy by assuming

. 1 2 1 t 1 t?
u (t) :Euo +§U1 +€U2 +E(U2 - uo)' Zh(E' W)(uo - 2u1 +U2) (21)

with free parameter n .

Now we obtan the coefficients
1,1 12 1.1 0 €12 1y ¢7 8 11
€9 Y 9 mY B E§7T3I T €3 373
a =el2 44, 124 p =@2, 2(] ¢ =& 18y (22)
ij €9 59 3'5BY 7Y% ij ~ 3 3 ij €3 3 30
é d é 1] é u
¢ir,1,1 2, 1,10 al 2 1p HERNE I
818 45° 9 45 9 457 E??TH €3 3 31
with g =h?.

We obtain the same results by addition of a contribution $G to the Gderkin resdue
following

DG = ¢y ,Dt‘dv" Kvdt (23)
Dt

withy , =z (g- 1

The resulting equations are given by

+

HOOUO +H01u1 +H02u2 = mO
Hou, +H,u, +H,u, =m, (24)

1070 1171

HZOUO +H21u1 +H22u2 =mé

Here the initid displacements u, and the impulse vectors ny and my are known, whereas
displacements u; and u, and impulse vector ni, are unknown.
From (24) we solve the displacements u, and u,, by

—_ +
H01u1 +H02u2 =mg - Hoouo

Hiuu, +Hpu, =m; - Hipgug
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and successvely we compute the impulse vector by backsubstitution

mé = HZOUO + H21ul + H22u2

With m,” and applied impulse load m,' we have the initia impulses for the next time interval.

Numerical stability, accuracy and damping

Numerical stability

Numericad ungtable processes show an exponentid growth of some contributions in the
solution. Because of the exponentia character of this erroneous contribution the process

‘crashes . It turns out that this behavior is dependent on the choice of time step Dt .

To investigate these processes we develop an error Du, =e att =i Dt into a series of

vibration modes fy fallowing

_ 2 Kk
e =aalf,
K

with participation factors <3

(25)

We consder the development of e as a result of an initia displacement error Du, and an
initid impulse load error Dm; . No other loads are applied. Subgtitution of (25) into the

equations of motion and application of the orthogondity relations

I=nmj  i=0
ha,i=0  i=12,..n-1
Lom i=n
with
h, =fTH,f,
mo=fim;  k=12,..
m =fym,

where n=1 for the linear models and n=2 for the quadratic models.
The solution of the uncoupled equations of mation is given by

— i
a, =l'a,

(26)

(27)
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Multiplication fector | is celled the spectrd radius; if || |>1 then the process is called
numericaly unstable, if || | £1 then the processis caled numerically stable.
Investigation of the spectrd radius of the linear models shows numericd gability if

ow2Dx? £12 (28)
Unconditiond numericd gability isensuredif g £0.

Investigation of the spectral radius of the quadratic models shows unstable solutions if
w2’ 1 [9670512] and if w?Dr? >Z—O. Unconditional numerical stability is ensured only;
andonly if g =0.

Accuracy
The accuracy of a modd is responsible for the convergence speed to the exact solution..
For our models we can use an gppropriate choice of g to optimize the accuracy. To

elaborate this process we need a reference criterion; we will use the so-cdled ‘action’,
given by the product of impulses and displacements. Per vibration mode we will investigate
the resulting action

action=a,m+a, m,

The exact solution of the uncoupled equations of motion is known.
Both for the linear models and the quadratic models g =2 yields extremey high accuracy.

It has to be noted, however, that these modeds possess a limited numerica gability, while
damping properties are ignored. Because of these restrictions the use of these modelsis but
limited.

Numerical damping

The classic modds, such as the Newmark- b method, ignore physica damping with
growing Dt Investigation of the spectra radius of unconditional numerica stable processes
with nonzero physical damping showsthat |l |® 1 for wDt ® ¥ .

The effect of physcd damping, epecidly of the high frequency modes, is negligible.
Consequently disturbances caused by high frequency modes can be a source of
inaccuracies.

In order to maintain damping properties for large vaues of wDt we introduce numerical
damping, which is proportiond to the stiffness matrix K. We add damping to our models by
the addition of a contribution DG to the Gaerkin variationa condition following
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DG = (‘jiuTCvdt

where
C =y,DK

Taking the damping coefficients dependent on the time step Dt the damping contribution
does not vanish for large vaues of wDt. Physcdly this is meaningless, it is purdy a
numerica tool to improve the properties of the numerica process. We cdl this contribution
numericd damping.

Together with (16) we can manipulate the properties of the linear modds by the addition
DG to the Gderkin variationa condition of the compatible modd following

DG = ¢fy ,Dtdu’Kv +y ,Dt?dv’Kv)dt (29)
o

In the same way we can manipulate the properties of the quadratic model by addition of the
contribution

DG = fy ,Dtdu’Kv +y ,Dt*dv'Kv +y ;Dt’dv'Kv +y ,Dt*dv'Kv )dt (30)
Dt

Investigation of the spectrd radius of the linear models shows that numerica damping is
mog efficient for

,_ 1
yl_-gg
(31)
y,==(g-1<- =
212 12
The coeffidients a; are given by
é 1 1 1 y
ég'?y1+y2 E+Ey1'Y2H
a; =¢é a (32)
E"i-iy -y l+ly 4y, U
&6 27" 723 27t 7%

Coefficients b, and ¢; do not change.
Figure 5 shows the spectrd radius of a physicaly damped system (z * 0).with and without
numericd damping.
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z=0.25 yl:O.25 y2:- 0.1
|| | z=0.25 yl:O. y2:— 0.1
1.00

un e

wDt

5 10 15 20
Figure5 Spectral radiuslinear models

Investigation of the spectra radius of the quadratic modds shows that numerical damping is
posshleif

y,=0
Y2>0:Y3>0 (33)
1 1
=— (g-1)=- —
Yi=4e(9-1)=- ¢

Coefficients a; are now given by

Al_ 7 - 1 8 -1 _ 1 - ¥
€5-5Y,-4, F+t, 8y, -FH-1y,-H .U
_é 1.3 4_ 16 148 u
=g s T3y 97 3) 2 s t3Y 2 ] (34)
A 11 148 11 5
-3Vt dys: vty 2-8y: -y tA

The coefficients by and ¢; do not change.

Figure 6 shows the spectra radius of amodd with and a modd without numerica damping.
y2:0.,y ;70.005

I _ _
y,=0005y =0.005
1'00. _________________________4;_‘/
\_‘
wDt
25 50 75 100

Figure6 Spectral radius of quadratic models

This modd is expected to be both accurate and robust; much experience, however, is not
yet avalable.
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Numerical smulation of atrack train interaction

To demongtrate the advantage of moddling to time and geometry in the same step we show
amodd for the andysis of the interaction of a moving vehicle (a train) and the supporting
gructure (the track and foundation). We consder four wheels of the train moving with a
congtant speed v; only vertical forces are consdered -see figure 7 -.

‘254 kN 254 kN
/_\ 4‘ TN /_\ 20

k) J U

VAR s R A s

S "*. k=40000 KN/
"237m 7 183m  GA=36000kN/m
C =200 kNs/m?

Figure7 A moving train on arail track

Each of the dructure components contributes to the giffness, damping and/or inertia
properties of the problem. We will consider each of them separate.

Moving vehicle:
_ v Based upon experiments Cox
mass bogie v showed that a moving vehide
/ suspension 1] can  be moddled by
| independent moving two mass

mass wheel : spring systems -see figure 8-
. .Each whed is represented by
Hertz spring three moving d.of's.

Figure 8 Model of a moving wheel

Rail:
s 0 The ral is modelled by Timoshenko
@@ @@ beams, taking into account bending,
shear deformation, trandationd inertia
||< a >|| and rotational inertia.

Figure9 Rail element
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Seeper and rail pad:

hallast and
subarade

3
TSI | <L rail nad
{ element

4‘L sleeper

element

1,
‘t:_l 1]
2

Figure 10 Model of the rail pad and sleeper

Contact sleeper ballast:

rail
elements

7/ /] vl pad
v+ sleeper
gap elements
[ [ { ballast and
subgrade

Figure 11 Modéelling the contact face
between sleeper and ballast

Ballast and subgrade:

Maree showed the role of
ral pad contribution to
diffress ad  damping
properties. The stiffness and
damping are smeared out
about a four-node eement
with the width of the deeper
-see figure 10-. The deeper
Cross section is assumed to
be rigid; only the mass
properties are taken into
account.

It is assumed that the contact face
between deeper and bdlast is
unbonded, which means tha no
tensdon forces between deeper
and bdlast are possble. We
modd this contact by a gap
eement between deeper and
ballast

Vertica direct stresses and shear stresses (Pasternak foundation) contribute to deformation
of balast and subgrade, inertiais modeled by some mass contribution and damping by
viscoelagtic dampers. A shear layer models the shear tiffness, the mass is added to this
shear layer. The vertical direct stresses are modeled by distributed Winkler springs while
viscoeleastic dampers are added in the same way. A two-node eement modds dl these

contributions -see figure 12-.
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“Winkler springs and viscoelastic dampers
" Pasternak shear layer T

Figure 12 Model of ballast and subgrade

Slent boundaries:

The function of aslent boundary isto modd the surroundings of the f.em. modd in such a
way that al stress waves arriving at the boundary do not reflect .. Theided slent boundary
will pass any stress wave contribution into the surroundings

It turns out that the slent boundary condition can be modelled by visco-dagtic dampers
with a damping factor ¢, =+/Gr A for the shear forces and ¢, =.JEr | for the bending

moments.

rail/shear layer ‘ f surroundings rail ) c surroundings

i ' silent boundar , silent boundar
rail/shear layer, y rail element % - _ v
element I shear T bending momer

M
|! v
Figure 13 Slent boundaries

The modd of a moving vehicle introduces some d.o.f's which move with respect to the
supporting track structure.

load P
D \‘ M bogie
0«
1 x .
. - D N
\‘. Ivlwheel -
' X . M
G 1 0——— HatzgringS YU
A 1 /t D 1 B 1 :
Dx Ril ———

D
u

Figure 14 Moving vehicle crossing a time space element
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To introduce a moving vehicle into the track system we have to couple the degree of
freedom uP -see figure 14- to therail d.of.’s. We will assume that

u0D = (% - Xo)qu + (% +X0)UOB (35)
ulD = (% - l)ulA +(% 'l'xl)u1B
— 0 — Xl
where X, = —* and X, = —.
Dx
Introducing
@® U
uveh - SJM H
e
u
we formulate the coupling condition by
Uy =T,u,
veh __ (36)
L'Il - Tlul
The vehicle s contribution to the Galerkin’s condition is given by
Rveh - dU veh! H vehuveh _ dU veh" pveh
that results into the equations of motion
Substitution of the coupling condition (36) yields
€Ty He' T, ToHE'T, tn,u_ € u
g T gveh T |gveh &i\] := gl-T veh u (37)
el Hy' T, T HTT o &, 178
or
H:)OUO + H(;lul = p(; (38)

HioUo +Hyu, = py

It has to be noted that matrix H,, isno more symmetric.

In gructures such as a rall track the gtiffness properties of the materids vary strongly.
Especidly the rall (ded) is very giff with respect to the subgrade. Because of the large
diffness variations the physica damping of the iff partsis, usudly, smulated inadequatdy
by the numerica process which results into overshoot as shown in figure 15. This poor
behaviour can be improved by the addition of numerica damping to the model following
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C =y ,DiK (39
The maximum numericad damping -see (31)- is obtaned by the subditution of
Y, =+- %g. The srongest damping (superdamping) is obtained with g=-3 It is

recommended to use this vaue for the addition of humerical damping to the rall dements;
for dl other dementswetake g =- 0.1

In figure 15 the shear forcein aral dementisshownusng g =-0land g =-3.

T A time

~7 ]

shear forces rail
overshoot using 9. 0.1 no overshoot using g = 3.0
ra

Figure 15. Shear forcesrail

This modd has been gpplied to smulate the whed track interaction & some parts of the
South African cod line. Some of the most Sgnificant parameters are

spacing deepers 0.65m

whed |loads P=120 kN

subgrade modulus k= 40000 kN / nmv*

shear layer GA =36000kN /m

rail profile R-60 (South African rall profile)

Results are shown for the displacements, the bending moments and the rail pad forces.

l 1 1 1 >driving direction

ballast

mm

2501 rail
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Figure 16 displacements at t=0.66

Nm |
-10 T d . . d. t.
riving direction
I
10+
20 +
Figure 17 bending moments at t=0.66
moving wheels
»\\ PN e g
& \\‘ J s \ {; \k j,»‘w,~ ,/
L,'Lr’ ‘.J \‘“\"”‘ /f \/«‘ o \4\" - )
-100
Figure 18 rail pad forces
Conclusions

Based upon a concise formulation with respect to time and geometry of the governing
equations numericd models are developed which relate lumped impulses to discrete
displacements. These models are presented as single step procedures, thus easy to
interrupt and to restart. No continuity of velocities and accelerations are required; only the
physica request of lumped impulse balance and continuity of the displacementsis stisfied.
A robugt direct integration method requires unconditional numerical stability and effective
numerica damping. The introduction of nonconforming eements provides the flexibility to
manipulate the properties with respect to numerica stability, accuracy and damping.

Both for the linear and the quadratic models a class of unconditionaly numerica stable and
effectively damping models can be sdlected.
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The gpplication to smulate the whed track interaction shows the naturd way to model
unusua gructurd problems such as moving d.of's as well to solve locd overshoot
problems.
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