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Abstract 

Railway vehicle homologation with respect to running dynamics is addressed via dedi-

cated norms that require the knowledge of the accelerations and wheel-rail contact forc-

es obtained from experimental computational testing. Multibody dynamics allows the 

modelling of railway vehicles and their simulation on realistic operations conditions. 

However, the representativeness of the multibody models, and the results of their use in 

railway dynamics, are greatly influenced by the modelling assumptions and their ability 

to represent the operational conditions. In this paper, two alternative multibody models 

of a railway vehicle are presented and simulated in a realistic railway track scenarios to 

appraise the consequences of different modelling assumptions on the railway dynamic 

analysis outcome. A vehicle-track interaction compatibility analysis is performed after-

wards according to norm EN 14363. The analysis consists of two stages: the use of a 

Simplified Method, described in the norm for the identification of the different perfor-

mance indexes from the railway vehicle dynamic analysis outcome; and the visual in-

spection of the vehicle motion with respect to the track via dedicated visualization tools. 

The results of the virtual vehicle homologation tests are presented and discussed in face 

of the modelling assumptions used, being significant differences identified between the 

railway vehicle modelled with cylindrical joints with clearances or with equivalent force 

elements. It is also concluded that the use of clearance joints prevents the need to use 

modelling assumptions on the equivalent force elements that have limited or no physical 

meaning, thus reducing the number of modelling parameters for which a high level of 

abstraction has to be exercised. 

Key words 

Multibody Models, Cylindrical Joints with Clearances, Railway Dynamics, Vehicle 

Approval, Wheel-Rail Contact. 



2 H. Magalhães et al 

Notation 

bR Stiffness proportional damping 

c Damping coefficient 

cd Dynamic correction coefficient 

e1, e2, e3 Euler parameters 

f Force vector 

nf  Elastic force law due to state of deformation of the contacting surfaces 

k Stiffness coefficient 
q  Vector of the system accelerations 

u Unit vector along the axis of rotation 

vT Relative tangential velocity between the journal and the bearing 

v0,1 User specified tolerances for the velocity 
x  Average of ,t cCV  by section 

1, 4W Wy   Lateral accelerations measured on the bogie frames above of the outer 

wheelsets W1 and W4 
*

,F Ry  Lateral accelerations measured on the carbody above of the front and rear 

bogies 
*

,F Rz  Vertical accelerations measured on the carbody above of the front and 

rear bogies 
,t cCV  Characteristics values for the tangent and curve segments 

M Mass matrix 

fR Radial force 

fT Tangential friction force 

K Factor given in the norm EN 14363 

L0 Undeformed length 

X,Y,Z Axis of the inertial reference frame 

γ Right-hand side of the acceleration constraint equations 

R  Interference between journal and bearing 

λ Vector of Lagrange multipliers 

R Friction coefficient 

ξ,η,ζ Axis of the local reference frame 

φ Wheelset rolling angle 

D  Wheelset angular velocity 

qΦ  Jacobian matrix associated to the kinematic constraints 

SP
 Constraint equation of the simple driver 

1 Introduction 

The state-of-the-art in multibody system dynamics enables the modelling of mechanical 

systems of great complexity
1-4

, being its dynamic response obtained in terms of its kin-

ematics and internal and interaction forces. In the particular case of railway vehicles, the 

dynamic analysis intends to assess the running safety and the comfort perceived by the 

passengers which are described by appropriate criteria that use the dynamic system dy-
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namic response as input 
5
. Consequently, such assessment depends not only on the dy-

namic characteristics of the vehicle on the track geometry, but also on modelling and 

simplifying assumptions. The analysis of a case of compatibility between vehicle and 

track is used in this work to address the different options available for vehicle modelling 

and their consequences on the homologation of their running compatibility. 

The vehicle is a mechanical system characterized by a group of bodies, generally as-

sumed to be rigid, which are interconnected by joints and/or force elements. Usually the 

body structural deformation is neglected because only the large rigid body motions have 

impact in the vehicle dynamics. The joints are generally defined as kinematic con-

straints, which restrict the relative motion between the bodies, are widely spread in 

railway vehicle modelling. The formulation of a very wide number of kinematic joints 

that used in vehicle modelling available in the literature
3
 allows for the representation of 

basically all kinematic restrictions that are deemed as perfect. However, in realistic sce-

narios the mechanical joints of the railway vehicles have to be imperfect due to con-

struction and mounting specification or become imperfect due to wear or other opera-

tions conditions. Recently, some formulations have been proposed to deal with the 

modelling of realistic mechanical joints in which the relative motion between two con-

nected bodies takes into account the joint defects, their mounting clearances or the de-

formable elements mounted between mating bodies 
2, 6-8

. Another important aspect in 

the construction of railway vehicle models consists in the description of the deformable 

connecting elements between bodies. These are generally described as force elements, 

being passive such as springs, hydraulic or friction dampers, or active as in the case of 

the actuators of a tilting system 
1, 9

. The numerical models of the force elements can be 

linear or nonlinear, depending on the nature of the element and eventually, on the range 

of its application. The dynamic behaviour of the force element either analytically or by 

using more or less complex constitutive models that require a computational representa-

tion. This is the case of the representation of bushing elements 
6
, airsprings of secondary 

suspensions 
10, 11

 of wheel-rail contact 
12-17

 among many other examples. 

Another distinctive aspect in railway dynamics is the interaction between the vehicle 

and the track which requires appropriate contact models
18-21

. Generally, the wheel-rail 

contact models are used in three steps: the geometric identification of the contact re-

gion; the contact detection; and, the evaluation of the contact forces via suitable contact 

force model. Although, the solutions for the wheel-rail contact problem are well under-

stood as described in references
22, 23

 their range of application and the numerical effi-

ciency of the supporting algorithms is still a topic of active research. Certainly, the 

complexity of available contact models varies widely with the more or lesser generality 

of their applicability. From this point of view it is safe to say more accurate models are 

computationally more expensive and vice-versa. Therefore, the contact model used in 

any railway dynamic analysis must be adequate to the objective of the study and to the 

type of track and vehicle models used and to the operation conditions thought for the 

analysis. 

The results of the dynamic analysis of the railway vehicle and track models, just as 

the experimental measurements of the vehicle track interaction cannot be directly used 

in homologation or acceptance studies. The industry specifies a series of limit values on 

the forces that the vehicle can apply on the rails, on the forces that the vehicle bogies or 

wheelsets can be subjected to, on the accelerations of the bogies, wheelsets or the car-
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body and on the dynamic loading that the occupants are subjected to. These criteria are 

classified in three categories: the safety that ensure that the vehicle is not in risk of de-

railment; the track loading that ensure that the track is not damaged by the vehicle; and, 

comfort that ensure that the vibration loading on vehicle passengers is not risky for hu-

mans. The evaluation of the criteria associated with homologation and acceptance lead 

to values that must be contained within the thresholds prescribed by the norm
24, 25

. In 

these norms there are several methods that can be used for the evaluation of the criteria. 

In this work, the Simplified Method, presented in the norm EN 14363 
5
, is used. This 

method allows to evaluate the safety and the comfort criteria based in the accelerations 

on the bogie frames and on the carbody and provides thresholds for them. 

The norms suitable for compatibility homologation have been developed with exper-

imental testing in mind. In this sense, stationary tests are also suggested in the norm EN 

14363 
5
 to evaluate the insertion of the vehicle in the track. However, the evaluation of 

the criteria associated with stationary tests depends not only on the track geometry but 

also on the dynamics of the vehicle presenting a series of practical difficulties. In real 

life the track geometry changes over the years due to its usage, leading to track irregu-

larities preventing stationary tests from being able to ensure the proper insertion of the 

vehicle in the whole railway network. In homologation scenarios for which stationary 

testing is a necessary, multibody simulations play a key role as they allow to check the 

correct insertion of the vehicle in the track not only by analysing the contact between 

the wheels and the rails. 

In the framework of the use of the homologation norm EN 14363, this work proposes 

alternative models for a light rail vehicle and their use for the evaluation of the criteria 

considered in the norm. In this process, the consequences of the modelling decisions on 

the decision process implied in the norm are discussed as well as on the method selected 

for their evaluation, which in this case is the Simplified Method. Several case studies 

are developed so that the railway vehicle multibody models are simulated at different 

controlled velocities in a realistic railway track model. A discussion of the results ob-

tained by using the Simplified Method is presented together with a more stationary ve-

hicle-track compatibility analysis made with focus on the contact loss of the wheel with 

respect to the track. 

2 Multibody formulation 

The dynamic analysis of a multibody system involves the study of its motion and of in-

ternal and external forces developed during a time period as function the railway vehicle 

model, as the generic multibody model shown in Figure 1, is defined by a collection of 

rigid and/or flexible bodies interconnected by kinematic joints and/or force elements. 

The kinematic joints constrain the relative motion between the bodies, while the force 

elements represent the internal forces that develop between bodies due to their relative 

motion. External forces may also be applied to the system components as a consequence 

of their interaction with the surrounding environment. Both internal and external forces 

are described by using suitable constitutive relations between kinematic quantities such 

as springs, dampers or contact elements. 
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When using Cartesian coordinates, the equations of motion for a multibody system 

are written together with the second time derivative of constraint equations as 
3
: 

    
 

 

T

q

q

M Φ fq
λ γΦ 0

 

(1) 

where M is the mass matrix, q  is the vector of the system accelerations, f is the force 

vector, qΦ  is the Jacobian matrix associated to the kinematic constraints, λ is the vector 

of Lagrange multipliers, which are related to the joint reaction forces, and γ is the right-

hand side of the acceleration constraint equations. 

 

Rigid Body Kinematic Joint

Flexible Body

Force ElementsNonideal Joints

Contact Model

Simple Driver

 

Figure 1: Generic Multibody Model 

 

In the models developed in this work, the carbodies, bogie frame and wheelsets are 

modelled as rigid bodies. Their mass and inertial properties are used to form matrix M. 

The mechanical joins, in general, are modelled as kinematic joints, being their infor-

mation geometric properties used to build the kinematic constraints and, subsequently, 

the Jacobian matrix, qΦ , and the right hand side vector, γ. The primary and secondary 

suspension elements are represented as springs and dampers with appropriate constitu-

tive relations, being the forces transmitted between the connected bodies included in the 

force vector, f. The wheel-rail contact forces are included in the force vector also. The 

solution of the forward dynamics problem is obtained by using a variable time step and 

variable order numerical integrator 
26

. Due to the fact that the position and velocity con-

straint equations are not used explicitly used in the integration process, it is necessary to 

eliminate or maintain the violations of the constraint equations under control. The kin-

ematic constraint violations are stabilized using the Baumgarte stabilization method, 

while kept under prescribed thresholds, or eliminated by using a coordinate partition 
27

 

when they exceed the acceptable values. 
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2.1 Cylindrical joint with clearance 

The perfect kinematic joints are not suitable to describe some important kinematic rela-

tion between connected bodies due to their impossibility to represent imperfections. A cy-

lindrical joint with clearance that can represent such imperfections is characterized by a 

cylindrical pin, the journal that is restricted to move inside an internal cylinder deemed as 

bearing, as shown in Figure 2. From the geometrical point of view, the modelling of this 

clearance joint requires the points Pi, Qi, Pj and Qj, having their coordinates defined with 

respect to the local reference frame attached to body i and j respectively. The location of 

the points in the joint more than playing the role of defining the joints axis are important 

to define the length of the journal and the bearing. The difference between their radii as-

sociated to each element of the joint provides the joint clearance. 

 

Journal

Bearing

Clearance
iP

iQ

jP

jQ

(i)

( j)

i

i

i

j

j
j

 

Figure 2: Cylindrical joint with clearance in which Pj and Qj also represent the limits of the bearing 

 

Different types of relative motion between journal and bearing can exist, as illustrated 

in Figure 3. These are: (i) free flight motion in which no contact between the two ele-

ments exists; (ii) punctual journal to bearing wall contact; (iii) two point contact between 

journal and bearing wall in opposite sides; (iv) line journal to bearing contact. In any of 

the three cases the two bodies connected by the cylindrical clearance joint interact either 

by impacting or continuous contact conditions being the impact forces controlling the rel-

ative body kinematics. In a non-contact situation, no forces are introduced in the system, 

because the journal moves freely inside the bearing boundaries. When the journal and the 

bearing are in contact, local deformations take place at the contact area leading to the con-

tact-impact forces 
Pf  and 

Qf  representing the interaction between the bodies. 

Two contact methods can be used to describe the continuous contact forces that de-

velop: penalty approaches
28,29,30

 or linear complementary program methods
31

. The 

method used here penalizes the interference between journal and bearing leading to an 

elastic-damping force for which the radial component is defined as: 

 
0 , 0

, 0
R

R
R R R R R

f
f b



  


   

 (2) 
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where  R Rf   represents the elastic force law due to state of deformation of the con-

tacting surfaces, δR is the interference, bR is the stiffness proportional damping, and R

 is the velocity of the relative deformation. Generally, the form of the contact model rep-

resented by Equation (2) is associated to the Hunt and Crossley contact model
32

. The 

damping coefficient can be related to the deformation penalty coefficient, as proposed 

by Lankarani and Nikravesh
33

 leading to a compact and easy to use continuous contact 

force formulation. 

When the journal, represented by body i in Figure 2, and bearing, described by body j 

in Figure 2, are not aligned the one or two contact point conditions, depicted in Figure 

3, are both point contacts. In any of these conditions the contact force is described using 

the Lankarani and Nikravesh contact model, written as
33

 

 
 

2

0 , 0

3 1
1 , 0

4

R

en RR
R R

cf
k




 





      
  

 

 (3) 

where ce is the restitution coefficient, n is an exponential factor, equal to 1.5 in the case 

of Hertzian contact between metals, and 
 


 is the contact velocity at the start of con-

tact. The proportionality factor k is related to the local radius and material properties of 

the contacting pairs
33

. 

When line contact occurs, i.e., when the axis of the journal and bearing are aligned 

during contact such as in the rightmost case of Figure 3, the continuous contact force 

described by Pereira et al. can be used
29

 

  * 2

( )

0 , 0

3(1 )
1 , 0

4

R

n e RR
R R

R

a R b L E cf

R




 

 


      

 

 



 (4) 

in which 

 
0 965 for internal contact

0 39 for external contact


 


.
a

.
 (4a) 

 
0 0965 for internal contact

0 85 for external contact


 


.
b

.
 (4b) 

 

0 005 for internal contact

1 094 for external contact

.Y R
n

.

 
 


 (4c) 

In Equation (4c) the constant Y reflects the fact that for internal contact it is not possible 

to find a single expression for the complete range of clearances R. The constant Y is 

 
   

 

0 151

1 51 1000 if 0 005 0 34954

0 0151 1 151 if 0 34954 10 0

       
   

.

. ln R R . , . mm
Y

. R . R . , . mm
 (4d) 
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Note that for internal contact R=Ri-Rj and for external contact R=Ri+Rj. The remain-

ing quantities in Equation (4) have the same meaning described for Equation (3). 

From the computational point of view the integration algorithms due not handle effi-

ciently the change of forces resulting from the change of penalty factors when the mode 

of contact passes from point to line contact. A unified way to describe the journal bear-

ing contact in the clearance joints is by dividing the journal into a predefined number of 

slices and consider the potential contact between each one of those slices and the bear-

ing as point contact. The idea is similar to that described by Gupta
34

 in the framework of 

the dynamics of rolling elements. 

 

Pf
Pf

Qf

Pf

Qf
 

Figure 3: Potential cases of contact between the journal and the bearing 

 

The tangential friction force, fT, resulting from the contact between the journal and 

the bearing in a cylindrical clearance joint is computed using a modified Coulomb’s 

friction law, written as 
2
: 

  T R d Rf c f   (5) 

where R is the friction coefficient, fR is the radial contact force and cd is a dynamic cor-

rection coefficient, expressed as: 

   
0

0 1 0 0 1

1

  0                            ;     

/    ;  

  1                             ;      

T

d T T

T

v v

c v v v v v v v

v v




    


  

(6) 

in which vT is the relative tangential velocity between the journal and the bearing and v0 

and v1 are user specified tolerances for the velocity. This dynamic correction factor cd 

prevents the friction force from changing direction for almost null values of the tangen-

tial velocity, which is perceived by the integration algorithm as a dynamic response 

with high-frequency contents, thereby forcing a reduction in the time-step size. The 

merit of this modified Coulomb’s law is that it contributes to the numerical stabilization 

of the integration algorithm. 

2.2 Simple driver 

In railway vehicles, the angular velocity of the traction wheelsets is controlled some-

where in the powertrain, which is not modelled in the railway vehicle model. Therefore, 

a kinematic constraint that ensures a controlled angular velocity of the wheels, generally 

a constant velocity, has to be used. This is represented by a simple driver applied on the 

wheelsets, being constrained the φ angle that represents the wheelset rotation shown in 
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Figure 4. In order to implement the driving constraint, the Euler parameters 1e , 2e  and 

3e  are defined as 
3
: 

1

2

3

sin
2

 
   

   
  

 

e

e

e


u  (7) 

where u is [0,1,0] with respect to the local reference frame (ξ,η,ζ) attached to the wheel-

set. Thus, the constraint equation of the simple driver is written as: 

2

(t)
sin

2

 
    

 

SP e


 (8) 

The first time derivative of equation (8) with respect to time provides the velocity con-

straint equation written as: 

(t)  SP

D   (9) 

and the second time derivative of equation (8) leads to the acceleration constraint equa-

tion: 

(t)  SP

D   (10) 

where (t) , is the actual rotation angle of the wheelset, (t)D  is the angular velocity 

and being the angular acceleration depicted by (t)D . Both quantities are function of 

the time and are the inputs of the simple driver. 

 







2e 

u

 

Figure 4: Simple drive constraint to control the motor wheelset angular velocity 

 

At this point it should be noted that the simple driving constraint used is intended to 

only maintain the angular velocity of the motor wheels constant, and thus provide trac-

tion to the vehicle. In railway vehicles the control of the lateral or vertical dynamics, 

such as that required for automotive vehicles
35, 36

 is not used, except for the active tilting 

trains
37-39

. More sophisticated forms of control of the longitudinal dynamics of the vehi-

cle can be envisaged if operational conditions, others than constant velocity, such as 

scheduling and environment dependent speed control, are required
40

. 
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2.3 Wheel rail contact 

The methodology used to calculate the contact forces follows three steps 
12

: firstly, the 

points of contact, or the points of closest proximity, between wheels and rails are found; 

secondly, the creepages, i.e., the relative velocities between wheel and rail, are calculated 

at the points of contact; and, finally, the contact forces are determined 
22, 41-43

, i.e., normal 

and tangential forces are calculated in each contact point of the wheel-rail interface. In 

order to identify the potential contact points between the wheel and the rail, the surfaces 

of both wheel and rail and parameterized according to the procedure proposed by Pom-

bo et al.
44

, in which the rail profile is swept along the track and the wheel profiles for 

the flange and treat are rotated about the wheel axis. For the generic representation of 

rail-flange or rail-treat contact points, depicted by Figure 5, the location of the contact 

points, or of the points of closest proximity, are obtained by solving the system of non-

linear equations associated to each contact pair 

   0
        

   0

T

j k

j k T

j k

 
   



n t
n n 0

n b
 

   0
        

   0

T

k

k T

k

 
   



d t
d n 0

d b
 

(11) 

where the meaning of the vectors that define the normal and tangent vectors to the sur-

faces of the contact pair is easily acquired from Figure 5 

 

d

 p , k 

(j)

(k)

x

z

y

t j

b j

n j

 q ,j j 

Qk

Qj

nk

tk
bk

 

Figure 5: Two generic surfaces in which there are two points in closest proximity or in contact 

 

Contrary to many other contact search strategies in railway dynamics, the wheel-rail 

interaction forces are calculated by searching the contact conditions online and not via 

lockup tables, using the approach proposed by Pombo and Ambrosio 
13

. In any case, 

two potential contact points for each wheel-rail pair are considered here, the tread-rail 

and the flange-rail contacts, as shown in Figure 6. When contact is detected in any of 

the points of the flange or the tread that are searched, i.e., when 0T

k  d n , a normal 

force, calculated using Equation (3), is applied at the contact points with the direction of 

the normal vector to the contacting surfaces. The tangential or creep forces are deter-

mined using the formulation proposed by Polach 
41

. The calculation of the tangential 

forces is described in detail in the work by Pombo et al.
44

 not being repeated here. 
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Flange 

contact

Tread 

contact

Tread 

contact

Flange 

contact

 

Figure 6: Wheel rail contact model considering two possible contacts in each wheel-rail pair 

 

The introduction of the track irregularities is natural, in the framework of the geomet-

ric description of the rail or wheel geometries, and necessary to allow the models to be 

studied under realistic operation conditions. In the formulation used here the introduc-

tion of the irregularities does not penalise the contact search algorithm. The parameteri-

zation of the wheel and rail surfaces includes not only a set of representative control 

points, with the irregularities already applied, but also the nominal cross-sectional pro-

files of the wheel and rail 
12

 in which any geometric departure from their nominal ge-

ometries is already included. The detailed description of the formulation is presented in 

the works
13, 44

  and avoided here for the sake of conciseness. 

3 Vehicle modelling 

The light rail vehicle, shown in Figure 7, is composed by a carbody, for passenger 

occupation, supported by two bogies. One bogie is powered by a diesel engine, being 

designated as motor bogie, while the other one is free, being referred to as the trailer 

bogie. Each bogie is composed by one bogie frame, two wheelsets and four axleboxes, 

which include the primary suspensions. The carbody and bogie frames are connected by 

the secondary suspensions. 

 

Bogie Frame

WheelsetAxlebox

Carbody

Motor 

Bogie

Trailer Bogie

X

Y

Z

W1
W2

W3
W4

1

1
1

 

Figure 7: Light Rail Vehicle 
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The initial position of each rigid body with respect to the inertial frame (X,Y,Z), de-

picted in Figure 7, is listed in Table 1 together with their mass and inertia properties. 

The centre of mass of the carbody is presented as well as its local reference frame 

(ξ1,η1,ζ1). The local references frames of the remaining bodies are not present to keep 

the figure simple and readable. 

 

ID Rigid Body 
Centre of Mass (m) 

(X/Y/Z) 

Mass 

(Kg) 

Moment of Inertia (Kg/m2) 

ξξ/ηη/ζζ 

1  Carbody 5.950 / 0.002 / 1.655 11400 18791 / 235884 / 238372 

2 

M
o

to
r 

B
o

g
ie

 

Bogie Frame 10.900 / 0.002 / 0.640 1700 648 / 840 / 1477 

3 Front Wheelset (W1) 11.850 / 0.002 / 0.375 1075 301 / 66 / 301 

4 Rear Wheelset (W2) 9.950 / 0.002 / 0.375 1075 301 / 66 / 301 

5 Front Left Axlebox 11.850 / 0.737 / 0.375 50 1 / 1 / 1 

6 Front Right Axlebox 11.850 / -0.733 / 0.375 50 1 / 1 / 1 

7 Rear Left Axlebox 9.950 / 0.737 / 0.375 50 1 / 1 / 1 

8 Rear Right Axlebox 9.950 / -0.733 / 0.375 50 1 / 1 / 1 

9 

T
ra

il
er

 B
o

g
ie

 Bogie Frame 1.000 / 0.002 / 0.640 1700 301 / 66 / 301 

10 Front Wheelset (W3) 1.950 / 0.002 / 0.375 625 190 / 41 / 190 

11 Rear Wheelset (W4) 0.500 / 0.002 / 0.375 625 190 / 41 / 190 

12 Front Left Axlebox 1.950 / 0.737 / 0.375 50 1 / 1 / 1 

13 Front Right Axlebox 1.950 / -0.733 / 0.375 50 1 / 1 / 1 

14 Rear Left Axlebox 0.500 / 0.737 / 0.375 50 1 / 1 / 1 

15 Rear Left Axlebox 0.500 / -0.733 / 0.375 50 1 / 1 / 1 

Table 1: Centre of mass, mass and inertia properties of each rigid body 

 

The primary suspension of the light rail vehicle, depicted in Figure 8, consists of two 

helicoidal springs and two translation guides that ensuring the transmission of forces be-

tween the bogie frame and the axleboxes, which are assembled at the extremities of the 

wheelsets. 

 

Outer Guide

iQ

iP

jQ

jP

Inner Guide

iP

jP

Outer

Helicoidal Spring

Inner

Helicoidal Spring

 
(a) (b) 

Figure 8: Primary suspension of the light rail vehicle 

 

The axleboxes of this rail vehicle include tapered rolling bearings to allow and con-

trol the relative rotation between the wheelset and the axlebox. These mechanical ele-

ments are modelled here by revolute joints 
3
. Due to the construction of the tapered roll-

er bearing it is assumed here that the revolute joint between the wheelsets and axleboxes 

are ideal and, therefore, described by kinematic constraints. 
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Force 

Element 
Direction 

Bodies k 

(kN/m) 

L0 

(m) 

Attachment Points Pi, Pj (m) 

(ξi,ηi,ζi)
P and (ξj,ηj,ζj)

P i  j 

Outer 

Helicoidal 

Spring 

Vertical 2 5 350 0.251 
(1.150, 0.735, -0.120) 

(0.200, 0.000, -0.080) 

Longitudinal 2 5 100 0.200 
(1.250, 0.735, -0.233) 

(0.100, 0.000, -0.033) 

Lateral 2 5 100 0.200 
(1.150, 0.835, -0.233) 

(0.200, -0.100, -0.033) 

Inner 

Helicoidal 

Spring 

Vertical 2 5 350 0.251 
(0.795, 0.735, -0.120) 

(-0.155, 0.000, -0.080) 

Longitudinal 2 5 100 0.200 
(1.095, 0.735, -0.233) 

(-0.055, 0.000, -0.033) 

Lateral 2 5 100 0.200 
(0.795, 0.835, -0.233) 

(-0.155, -0.100, -0.033) 

Table 2: Linear force elements used to model the helicoidal springs 

 

Two helicoidal springs, assembled vertically at each axlebox, are used to support the 

bogie frame, as shown in Figure 8 (a). These suspension components are characterized, 

not only by an axial stiffness, but also by a transversal stiffness 
4
. For this reason, three 

linear force elements, with stiffness properties defined for the vertical, longitudinal and 

lateral directions, are used to model each helicoidal spring, as depicted in Figure 8 (a). 

The spring stiffness, k, and the undeformed length, L0, of these spring elements are de-

fined in Table 2, together with the local coordinates of the attachment points Pi and Pj. 

The undeformed length, L0, of each spring is calculated in such a way that the springs 

balance perfectly the weight of the unsprung masses, namely the bogies and the car-

body. The information presented in Table 2 is for the left axlebox of the leading wheel-

set of the motor bogie. The data for the remaining helicoidal springs can be easily de-

duced taking into account the symmetry of the suspension system. 

 

Linear force 

elements
Cylindrical Joints 

with Clearances
 

(a) (b) 

Figure 9: Linear force elements used to model the guides of the primary suspension and the kingpin of the 

secondary suspension 

 

The primary suspension of the light rail vehicle is also composed by two vertical 

guides, which are rigidly attached to the bogie frame and pass through the holes that ex-

ist in each axlebox, as shown in Figure 8 (b). These elements are the main responsible 
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for transmitting the longitudinal and lateral forces in the primary suspension. The sim-

plest way to model these components is to use, for each axlebox, a linear force element 

in the longitudinal direction and other in the lateral direction, as depicted in Figure 9 (a). 

A more detailed and realist model uses the cylindrical joints with clearances proposed in 

section 2.1, as shown in Figure 9 (b). 

The spring stiffness, k, the undeformed length, L0, the damping coefficient, c, and the 

local coordinates of the attachment points of the spring-damper components used to 

model the guides and kingpin of the motor bogie are defined in Table 3. The infor-

mation for the trailer bogie is similar due to the symmetry of the suspension system. 

With reference to Figure 2, the local coordinates of the points Pi, Qi, Pj and Qj, depicted 

in Figure 8 (b), that are required to define the cylindrical joints with clearance used to 

model the guides and kingpins are shown in Table 4 for the motor bogie. For the trailer 

bogie the information is similar. 

 

Force Element 
Bodies k 

(kN/m) 

L0 

(m) 

c 

(N.s/m) 

Attachment Points Pi, Pj (m) 

(ξi,ηi,ζi)
P and (ξj,ηj,ζj)

P i  j 

Front Left Guide 

(Longitudinal) 
2 5 60000 0.2 30 

(1.050, 0.735, -0.345) 

(-0.100, 0.000, -0.080) 

Front Left Guide 

(Lateral) 
2 5 60000 0.2 30 

(0.950, 0.835, -0.345) 

(0.000, -0.100, -0.080) 

Front Right Guide 

(Longitudinal) 
2 6 60000 0.2 30 

(1.050, -0.735, -0.345) 

(-0.100, 0.000, -0.080) 

Front Right Guide 

(Lateral) 
2 6 60000 0.2 30 

(0.950, -0.835, -0.345) 

(0.000, 0.100, -0.080) 

Front Kingpin 

(Longitudinal) 
1 2 2000 0.2 30 

(5.050, 0.000, -1.015) 

(-0.100, 0.000, 0.000) 

Front Kingpin 

(Lateral) 
1 2 2000 0.2 30 

(4.950, 0.100, -1.015) 

(0.000, -0.100, 0.000) 

Table 3: Linear force elements used in the simplified model of the railway vehicle for guides and kingpins 

 

 
Nonideal 

Joint 

Bodies Attachment Points Pi, Qi (m) Attachment Points Pj, Qj (m) 

i j (ξi,ηi,ζi)
P and (ξi,ηi,ζi)

Q (ξj,ηj,ζj)
P and (ξj,ηj,ζj)

Q 

Outer Left 

Guide 
2 5 

(1.150, 0.735, -0.283) (0.200, 0.000, -0.059) 

(1.150, 0.735, -0.483) (0.200, 0.000, -0.123) 

Inner Left 

Guide 
2 5 

(0.795, 0.735, -0.283) (-0.155, 0.000, -0.059) 

(0.795, 0.735, -0.483) (-0.155, 0.000, -0.123) 

Outer Right 

Guide 
2 6 

(1.150, 0.735, -0.283) (0.200, 0.000, -0.059) 

(1.150, 0.735, -0.483) (0.200, 0.000, -0.123) 

Inner Right 

Guide 
2 6 

(0.795, 0.735, -0.283) (-0.155, 0.000, -0.059) 

(0.795, 0.735, -0.483) (-0.155, 0.000, -0.123) 

Front 

Kingpin 
1 2 

(4.950, 0.000, 0.000) (0.000, 0.000, 0.050) 

(4.950, 0.000, -2.000) (0.000, 0.000, -0.050) 

Table 4: Cylindrical joints with clearance used to model the guides and kingpins 

 

The radial contact force resulting from the deformation due to the relative motion be-

tween the journal and the bearing is defined in Equation (2). The additional data that is 

required to define the elastic force law requires its state of deformation,  R Rf  , the ra-

dius of the bearing RB, the radius of the journal, RJ, the stiffness proportional damping, 
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bR and the friction coefficient μR, being the data provided in Table 5. The parameters k 

and c results from estimations commonly used in the literature for vehicle suspensions
45, 

46
. There is no dedicated dissipation mechanisms associated to the guides and to the 

kingpins, the damping coefficient c is considered low, namely 100 or 1000 lower than 

damping coefficients which are commonly used to model dampers 
6, 12, 47

. 

 
Cylindrical joint 

with clearance 
RB (m) RJ (m) μR bR (N.s/m) k (KN/m),  R R Rf k   

Guides 0.026 0.025 0.25 30 60000 

Kingpins 0.037 0.032 0.25 30 2000 

Table 5: Additional data for cylindrical joints with clearance 

 

The lubrication of the guides and kingpin enclosure is generally achieved using 

grease. When properly maintained, in a non-contaminated environment, the lubrication 

ensures a low friction coefficient in the journal bearing contact, being such friction coef-

ficient evaluated using a proper tribology description
48

. However, when the railway ve-

hicle is either not properly maintained or the environment in which it operates leads to 

the contamination of the lubrication, and eventually to the breakage of the lubricant 

film, the condition for contact approaches that of dry contact. This is the case assumed 

in this model, being the friction coefficient μR,=0.25 in Table 5 

The secondary suspension of the light rail vehicle, shown in Figure 10, consists of a 

kingpin, assembled centrally at each bogie, and a pair of roller-skate elements, assem-

bled at the left and right sides of each bogie. These elements ensure the transmission of 

forces between the carbody and the bogies and the stability of the joint. Two alternative 

approaches to model the kingpin system are used to model the guides. The first consists 

of two linear force elements and the second consists of a cylindrical joint with clear-

ance, shown in Figure 9 (a) and (b), respectively. 

The carbody of the light rail vehicle is supported by the bogies through 4 skate plates. 

Each skate is supported by a pair of conical rollers, which are constrained vertically by 

two elastic elements, as represented in Figure 10. Due to this configuration, only the 

vertical forces are transmitted between the carbody and the bogie frames by the roller-

skate elements. In order to represent correctly the forces introduced in the horizontal 

plane, these suspension components are modelled here using vertical linear force ele-

ments with an abnormal length, established only for numerical purposes. 
 

Skate   

(Carbody)

Elastic 

Elements

Conical 

Roller

Kingpin

(Carbody)

1
0
0
0
m

iP

jP

 

Figure 10: Secondary suspension of the light rail vehicle 
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The spring stiffness, k, the undeformed length, L0, and the damping coefficient, c, of 

the spring-damper components used to model each roller-skate suspension element are 

defined in Table 6, together with the local coordinates of the attachment points Pi and 

Pj. Notice that this information is for the motor bogie. For the trailer bogie, the infor-

mation is similar but taking into account the symmetry of the suspension system. 

 

Force Element 
Bodies k 

(kN/m) 

L0 

(m) 

c 

(N.s/m) 

Attachment Points Pi, Pj (m) 

(ξi,ηi,ζi)
P and (ξj,ηj,ζj)

P i  j 

Left 

Roller-Skate 
1 2 900 

1000 + 

0.0312 
100 

(4.950, -0.650, -0.920) 

(0.000, -0.650, -999.905) 

Right 

Roller-Skate 
1 2 900 

1000 + 

0.0312 
100 

(4.950, 0.650, -0.920) 

(0.000, 0.650, -999.905) 

Table 6: Linear force elements used to model each roller-skate of the secondary suspension 

4 Railway vehicle acceptance procedure 

To evaluate the dynamic behaviour of the vehicle in terms of running safety and com-

fort, a post-processor is implemented to treat the dynamic analysis response in terms of 

the criteria required for the railway vehicle acceptance method. This tool emulates the 

methods in  the international norm EN 14363 
5
 used for railway vehicle homologation 

in Europe. To simplify the problem, the vehicle under study is considered as a modified 

vehicle, and consequently the Simplified Method considered in the norm is applied. In 

this post-processor the performance criteria, designated by Characteristic Values (CV), 

are evaluated in order to quantify the performance of the vehicle in terms of running 

safety and ride characteristics. 

The Simplified Method requires the availability of the quantities: y , lateral accelera-

tion measured on the bogie frames above of the outer wheelsets; *y  and *z , lateral and 

vertical accelerations, respectively, measured on the carbody above the bogies. The rela-

tive position of measurement points with respect to local reference frame of the body is 

shown in Figure 11 by black dots. The outer wheelsets are also indicated in Figure 11. 

 

Step Input Process Output 

1 rawq  Filter raw data fq  

2 fq  
Separate data associated to 

tangent (t) and curve zones (c) 
t c

f fq ,q  

3 t c

f fq ,q  Divide in n sections (n≥50) 
     

     

t t t

f f f
1 2 n

c c c

f f f
1 2 n

q , q ,..., q

q , q ,..., q
 

4 
     

     

t t t

f f f
1 2 n

c c c

f f f
1 2 n

q , q ,..., q

q , q ,..., q
 Statistical process by section 

(cumulative curve or rms) 

     

     

t t t

1 2 n

c c c

1 2 n

CV , CV ,..., CV

CV , CV ,..., CV
 

5 
     

     

t t t

1 2 n

c c c

1 2 n

CV , CV ,..., CV

CV , CV ,..., CV
 Statistical process by zone t cCV ,CV  

Table 7: Sequence of steps required for Post-Processing of a quantity rawq  
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The reporting frequency considered in this work is 200 Hz which is the minimum re-

quired in the standard EN 14363. Let rawq  be a quantity to be post processed. To com-

pute its CV for the tangent, tCV , and the curve, C cV , the four steps listed in Table 7 are 

performed. For each step there are the inputs and outputs specified, being tCV  and C cV  

the final results of this post-processor. 

 

2

2

2

Fy

1

1

1

*

Fy

*

Fz

*

Ry

*

Rz

Outer Wheelset 

(front bogie)

Outer Wheelset 

(rear bogie)

 

Figure 11: Points of the bodies to measure the accelerations 1Wy  , 4Wy  , *

Fy , *

Ry , *

Fz  and *

Rz  

 

Figure 12 shows the track geometry, namely the curvature as function of the track 

length. This track is characterized by three tangent segments, two curves and curve tran-

sitions that connect them. A representative quantity q associated to this track is present-

ed in Figure 13. Taking into account its shape, this quantity intends to represent the lat-

eral acceleration. Below the post-processing of rawq  is presented step-by-step. 

In order to obtain fq , the output of step 1, rawq  is filtered using a fourth order Butter-

worth filter with a cutoff frequency of 10 Hz. In step 2, fq  is separated into three parts: 

one associated to tangent segments, t

fq ; other associated to curve segments, c

fq ; and 

other associated to curve transitions being the latter part is discarded. The signals t

fq  

(q_filt_T) and c

fq  (q_filt_C) are shown in Figure 14. Afterwards, these signals are di-
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vided into n sections as shown in Figure 15, being considered n=50. This set of 50 se-

ries for tangents and curves are the output of step 3. In step 4, it is calculated the CV for 

each section. This involves computing a cumulative curve and determining its percen-

tiles F1=0.15% and F2=99.85%. Figure 16 shows the CV for each section for tangents 

and curves segments. Finally, the values of tCV  and C cV  are obtained as: 

 CV x sK  (12) 

where x  is the average of CV by section, s is the deviation and K is a constant equal to 

3 for this case. Thus, tCV  is equal to 0.11 and C cV  is equal to 1.13. 
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Figure 12: Track curvature as function of the track arc-length 
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Figure 13: Quantity rawq  to be post-processed 
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Figure 14: Quantity rawq  filtered for tangent segments, t

fq , and curve segments, c

fq  
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5 Application to case studies 

The light rail vehicle models are simulated with a realistic track model, constructed 

based on a section of an existing railway network with, approximately, 3 kilometres of 

extension. The Detailed and the Simple Models are tested at different controlled veloci-

ties, being used simple drivers on the two wheelsets of the front bogie. Three simula-

tions are performed being the velocity is kept constant and equal to 40, 50 and 60 km/h. 

A fourth simulation is considered, being the velocity adjusted in order to minimize the 

non-compensated acceleration perceived by the passengers 
49

. In this case, the velocity 

is called “Cruise Control” (CC). Note motor kinematic constraints used to control the 

velocity are required due to the slopes and the irregularities that characterize a moun-

tainous track. Table 8 lists the simulations developed in this work. According to the 

Simplified Method of the international norm EN 14363, the filter; the statistical quanti-

ties and the constant K to be applied to each dynamic result are present in Table 9. 

 

-0.10

-0.05

0.00

0.05

0.10

0 5 10 15 20 25 30 35 40 45 50

Q
u
a
n
ti
ty

 q
 [
m

/s
^2

]

Section

q_filt_T_cum

0.0

0.5

1.0

1.5

0 5 10 15 20 25 30 35 40 45 50

Q
u
a
n
ti
ty

 q
 [
m

/s
^2

]

Section

q_filt_C_cum

 

Figure 15: Quantities t

fq  (top) and c

fq  (bottom) divided into 50 sections 

 

 
Simulation Model Velocity (km/h) 

S_40 Simple Model 40 

S_50 Simple Model 50 

S_60 Simple Model 60 

S_CC Simple Model Cruise Control 

D_40 Detailed Model 40 

D_50 Detailed Model 50 

D_60 Detailed Model 60 

D_CC Detailed Model Cruise Control 

Table 8: List of simulations performed 
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Figure 16: Characteristics Values (CV) for each section associated to percentiles F1=0.15% and 

F2=99.85% for tangent (top) and curve (bottom) segments 

 
Signal Filter Statistical quantity K CV 
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[0-20] Hz 0F 50%  0.0  *
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F
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y  

Table 9: Post-Processing settings related to norm EN 14363 5 

5.1 Dynamic analysis – vehicle acceptance 

The CV obtained with the post-processing of the dynamic results are listed in Table 12 for 

the Simple Model and for the Detailed Model of the light rail vehicle. In order to facilitate 

the interpretation of these data, the CV are converted to a percentage by dividing them by 

their limits according to the norm EN 14363 
5
. In addition, a colour code is used to better 
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visualize the value of the CV depends, as shown in Table 10. For example, if a given CV 

is higher than its limit, i.e. CV>100%, the CV is highlighted by a black box. 

 
0-25% 25-50% 50-75% 75-100% >100% 

Table 10: Colour codes to categorize the Characteristic Values 

 

In general CV of the tangent track segments are lower than those associated to the 

curve track segments. In curves, the effects influence the vehicle dynamics are the cen-

trifugal acceleration, the flange contact and the perturbation due to the track irregulari-

ties. In tangents track, only the perturbations due to the track irregularities are relevant. 

The highest CV are related to the lateral accelerations measured on the carbody, i.e., *

Fy  

and *

Ry . Due to the vehicle construction, reflected in the models, the transmission of 

forces between the carbody and the bogie frame is ensured only by the kingpin, being 

not only the lateral constraint very stiff, but also without any energy dissipation due to 

the absence of lateral dampers. The simulations designated as S_CC and D_CC, present 

the lower CV. Only the simulations performed at 40 km/h is characterized by CV with 

similar order of magnitude. The main difference between these two simulations is the 

velocity that the vehicle exhibits during curving. 

The Detailed Model exhibits lower CV when compared with those exhibited by the 

Simple Model. This difference is related to the dynamic effects of the force elements 

used in the simplified model as opposed to the cylindrical joints of the detailed model 

for representing the kingpin and the guides. In the Simple Model, forces are transmitted 

for any relative motion between the structural elements of the vehicle. In turn, in the 

Detailed Model, the forces result from the joint kinematics in which not only a combi-

nation of free-motion and impacts take place, when the clearance of the cylindrical 

joints is reached, but also the dissipative energy effects of the continuous contact force 

used in the clearance modelling play a role. 

It is observed from results presented in Table 12 that, while the velocity is increased 

from 40 up to 60 km/h, the CV increase also. This fact is expectable taking into account 

the centrifugal acceleration in curves increases with velocity being this induced pertur-

bation perceived in tangent track close to the curve existing region. These observations 

do not hold for the Simple Model. The majority CV associated to 50km/h are higher 

than the other operation conditions. Although it seems contradictory that the CV for the 

simulation at 60km/h are lower. A frequency analysis of the accelerations shed some 

light on this issue. This observation suggests that the Simple Model has some character-

istic frequencies, no particularly important in the Detailed Model, that are excited for 

the operation conditions at 50km/h. Such characteristics can be related with the equiva-

lent linear springs and dampers used to model the suspensions and that interconnect the 

bodies in the Simple Model. As in the Detailed Model, these connections are modelled 

with clearance joints that have non-linear characteristics the exaggerated dynamic re-

sponse of the vehicle at the frequencies excited at a particular velocity are not present. 

This issue shows some limitations of the simplified model, and in the process, limita-

tions on the most common approach to model railway suspension elements available in 

the literature. 
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5.2 Dynamic analysis – visual inspection 

Contrary to the experimental procedures, the computational environment demonstrated 

here is suitable to handle the stationary tests suggested by norm EN 14363. The computa-

tional equivalent to these tests is carried by visual inspection using an appropriate graph-

ical visualization tool supported by the post-processing of the dynamic analysis results. 

To study the insertion of the vehicle in the track, the contact conditions of each 

wheel-rail pair are analysed separately. The focus here is in situations identified from 

the simulations where, at least, one wheel losses completely the contact with the rail, as 

in the conditions shown in Figure 17. Table 11 lists the worst cases of loss of contact for 

each simulation, i.e., the cases where the length of the lift off of the wheel with respect 

to the track is longer. For each case the point where the loss of contact starts and the 

reference of the wheel is also reported. Every case identified corresponds to a curve be-

ing the ideal velocity given in the rightmost column of Table 11. Here, ideal velocity is 

defined in such a way that the non-compensated acceleration is minimized 
9, 49

, i.e., the 

lateral acceleration perceived by the passengers in curved negotiations. 

 

 

Figure 17: Wheel-rail contact loss identification via visual inspection 

 

Simulation 
Length without 

contact 

Local where the contact 

loss starts 
Wheel Ideal Velocity 

S_40 0.7 m 2599 m (Left Curve) Left Wheel of W1 20 km/h 

S_50 5.5 m 1245 m (Right Curve) Right Wheel of W1 40 km/h 

S_60 6.4 m 2478 m (Left Curve) Left Wheel of W3 40 km/h 

S_CC 0.1 m 2608 m (Right Curve) Left Wheel of W3 20 km/h 

D_40 4.1 m 1829 m (Right Curve) Right Wheel of W1 38 km/h 

D_50 5.4 m 1829 m (Right Curve) Right Wheel of W1 38 km/h 

D_60 6.2 m 1830 m (Right Curve) Right Wheel of W1 38 km/h 

D_CC 3.5 m 1829 m (Right Curve) Right Wheel of W1 38 km/h 

Table 11: List of the most serious wheel-rail contact loss in the different operational conditions 

 

The simple and detailed vehicle models present different behaviour in what concerns 

the vehicle ability to be inserted in the track and to keep the wheels in permanent con-

tact. In this respect the Simple Model exhibits contact losses whose length grows with 

the velocity. This occurs due to the inappropriate velocity of the vehicle to negotiate a 

curve, namely to higher velocities. For this reason, the wheels that experience the loss 

of contact are generally the outer ones, except in simulation S_CC. This exception is not 

relevant taking into account the reduced length of contact loss of 0.1 m. 
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y  14 63 17 96 21 135 10 51 

 *
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z  3 8 7 12 12 16 3 7 

 *
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R

z  5 7 8 12 14 17 5 7 

R
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 *

q
F

y  9 21 10 27 15 34 6 19 

 *

q
R

y  13 28 15 34 17 46 8 20 

 *

q
F

z  6 17 11 21 20 28 5 14 

 *

q
R

z  9 13 14 20 22 29 8 12 

 *

rms
F

y  24 36 29 52 43 73 14 33 

 *

rms
R

y  32 45 37 64 46 86 20 33 

 *

rms
F

z  8 13 18 20 37 28 6 12 

 *

rms
R

z  14 13 24 23 49 33 13 11 

 *

qst
F

y  3 39 5 61 7 87 3 27 

 *

qst
R

y
 

4 38 5 59 7 84 3 26 

Table 12: Characteristics Values for tangent track segments, 
tCV , and for curve track segments, 

cCV , 

of simulations S_40, S_50, S_60, S_CC, D_40, D_50, D_60 and D_CC (see Table 8 for acronyms) 
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When analysing the results obtained with the Detailed Model, it is verified that the 

worst case of loss of contact occurs in the same local of the track for all from speeds. 

The length of the track without contact grows with the increase of the vehicle velocity. 

Even for the simulation D_CC, where the vehicle travels at an appropriate velocity, the 

length of contact loss is significantly high, but still lower then what is observed with 

simulations D_40, D_50 and D_60. This is justified by the constraint imposed by the 

guides and kingpins that limits the roll relative motion of the rigid bodies of the vehicle. 

The detailed vehicle model, more representative of the real vehicle, shows though the 

cases analysed that the vehicle is unable to be inserted correctly in all parts of the track, 

at any speed. 

6 Conclusions 

This work presents a discussion on the consequences of the different modelling as-

sumptions of the mechanical joints of the suspensions of railway vehicles in the results 

of the use of running homologation norms of rolling stock. In the process, the use of 

multibody railway vehicle and realistic track modelling for virtual homologation are 

overviewed in face of the norm EN 14363. In alternative to the construction of some 

particular mechanical joints, or kinematic restrictions, by linear force elements, such as 

springs or dampers, routinely applied in railway vehicle modelling, it is proposed here 

the use of clearance joints in which contact between mating elements is described by 

continuous contact force models. The model of a light rail vehicle in operation in a 

mountainous track is used in the framework of its homologation for running compatibil-

ity according to norm EN 14363 is used to support the demonstration of the methods, 

discussion and conclusions. A model defined as detailed uses the kinematically accurate 

description of joints via the clearance cylindrical joints while a simplified model uses 

the alternative formulation with linear spring damper elements. 

The alternative modelling approaches of the railway vehicles when used in the same 

operational conditions lead to dynamic responses that have significant differences that 

can only be identified when the criteria required by the norm EN 14363, designated the-

se as characteristic values (CV) are evaluated. It is observed that for the realistic track 

conditions considered the detailed model leads to a more consistent performance in 

terms of how CV vary with the conditions of the operating velocity. Moreover, the 

compliance of the kinematic joints of the vehicle suspensions are properly modelled, 

showing to be important characteristics for the lower severity of the CV, when com-

pared to these obtained with the simple vehicle model. 

From the modelling point of view the parameters used for the simplified model of the 

suspension systems have a reduced, or non-existent, physical meaning due to the fact 

that it is a mathematical abstraction of the real mechanical system, i.e., a surrogate mod-

el that is identified to have a dynamic response identical to that of the real suspensions. 

Differently, the parameters of the clearance joints used in the detailed model have a 

clear physical meaning, easily obtained either from direct measuring or from design 

specifications of the suspension mechanical systems. Thus, with the detailed model the 

parameters of difficult identification, such as the lubrication properties that depend on 
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the vehicle maintenance, or the joint clearances, that depend on the wear, are well iden-

tified in a realistic range of operational values. 

The stationary tests described in the norm, which are difficult to perform for a com-

plete track via experimental testing, can now be performed via virtual testing. By 

searching for systematic contact loss between each wheel and rail the points in the track 

where this occurrence takes place are identified. By running the simulations, in such 

track segments, at various low speed and by visual inspection via a graphical tool spe-

cially created for this purpose, the forms of the network that here challenges for the cor-

rect vehicle insertion are identified, thus allowing for the network owner of train opera-

tor to take appropriate measures. Due to the modelling assumptions and results obtained 

is concluded here that the detailed vehicle model supports better than analysis being the 

simplified model questionable for this use. 

One of the critical issues on the use of multibody vehicle models in railway homolo-

gation, or acceptance, studies concerns the velocity at which the study is developed. 

Due to the length of the track, and its vertical profile, it is found in this study that the 

control of the forward vehicle velocity is of critical importance for the realism of the 

simulations. In this work, two models for drivers are proposed and implemented. They 

both control the angular speed of the motor wheelsets being their difference that the first 

approach simply ensured that the forward vehicle velocity is kept constant at the nomi-

nal speed while the second approach adjusts the velocity in order to minimize the non-

compensated acceleration. The results of the application of the second approach, 

deemed as cruise control, effectively reduce the critical CV associated to passenger 

comfort demonstrating a process with which the vehicle can pass successfully the ho-

mologation test. 
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