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Introduction

Cross-wind has caused problems to railway services since a long 
time... 

Derailment on «Parenzana» line (Trieste, Italy) in 1910 
caused by a «Bora» gust (e.g. occasional wind blowing from 
NE) 

Source: istrianet.org
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Introduction

...but the attention to this phenomena has increased in the last
decades together with the increase of train speed. 

Source: www.sturmarchiv.ch

Derailment caused by the «Kyrill» storm in 2007 (Switzerland), 
where wind speed reached 200 km/h
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The use of MBS in AB

AB adopted SIMPACK code in order to consider deeper 
investigations (independent wheels, flexible car-bodies, 
longitudinal dynamics) and improve the productivity (through 
“substructure-based” and parametric modeling techniques).

Early ’90 first attempts to perform running dynamics simulations 
inside the AB engineering department by means of 
MBS software. 

1998 AB introduced MBS activities in the engineering process.

2000

2008 A specific Running dynamics office (DYN) has been 
introduced in AB engineering department to perform dynamic 
analyses on different projects with the help of MBS.
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� performs different types of dynamic analyses
(e.g. safety, running behaviour, track fatigue, 
comfort...) by means of MBS models of the 
vehicles.

The use of MBS in AB

EMU
DMU
LOCO
HS TRAIN
MASS TRANSIT
LRV

With the help of MBS the Running dynamics office (DYN):

Power pack
Reduction unit
Secondary spring
Bumper
…

EMU
DMU
MASS TRANSIT

� supports design activities of specific 
components by means of detailed MBS 
sub-models.

� is newly involved with cross-wind analyses to 
comply with specific requirements of technical 
specifications that can include CWC calculation.
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Cross-wind analyses

If a different criterion (e.g. ASCE American standards, national
regulations...) is not explicitly mentioned in the technical specification, the 
current reference frame adopted in AB is:

EN 14067-6 2010 / HS TSI RST 2008

Normative reference frame

Cross-wind analyses can be performed following different methodologies 
depending on:

– Technical specification requirements
– Type of rolling stock
– Maximum speed
– Information on aerodynamic loads (coefficients)
– Simplified proof / Full proof

providing a means of conforming to EU Directive 2008/57/EC

Depending on the 
design phase of 
the project
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Applicable methodologies

Table 2 of EN 14067-6 § 5.2 gives an overview of different applicable 
methodologies: 

Method to 
determine 
aerodynamic 
coefficients

Method to 
represent the 
vehicle

� predictive equations
� CFD simulations
� wind tunnel measurements

� 2D model
� Advance quasi-static
� MBS model + Chinese Hat

Cross-wind analyses
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Applicable methodologies

MBS model?

Preliminary verification
with a 3M model

(if applicable) § 5.4.2

Aerodynamic load data?

Maximum speed?

National guidelines 
Annex K

Predictive equations
§ 5.3.2

NO, not available

NO, not available

< 140 km/h

140 < v < 200 km/h 

YES, available

YES, available

MBS method using
Chinese hat wind
Scenario § 5.4.4

The process flow chart for cross-wind analyses in AB according to EN 
14067-6 can be resumed as follows: 

Cross-wind analyses

In this case we are interested to perform the analysis by means of the 
MBS method using Chinese hat wind scenario
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Description of the vehicle

MBS model?

Aerodynamic load data?

YES, available

YES, preliminary 
CFD simulation 
results available

MBS method using
Chinese hat wind
Scenario § 5.4.4

The vehicle chosen to perform the analysis is the IC4 DMU

200 km/hMax speed

208 seats (faced seats 
configuration)
higher seats available in other 
configuration

Total seats number

M1C: motor car with cab
T2HK: intermediate trailer car 

with handicap facilities
T3: intermediate trailer car
M4C: motor car with cab

Vehicle description

4 cars with 5 bogies
M1C+T2HK+T3+M4C

Base train set configuration

Main characteristics     
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Time-dependent MBS method

The method is implemented with: MBS  software + gust scenario

1435 mmGauge

1/20

1/40
Rail inclination

NewWheel profile

60E2Rail profile

Only needed to simulate 
uncompensated acceleration

Track irregularities

INFLATEDSuspension configuration

TARE LOADVehicle configuration

GENERAL CONDITIONS TO BE MET
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The criterion to « define cross-wind curves (CWC) is the average value of 
wheel unloading, � Q, of the most critical running gear »(� bogie):

� Q / Q0 < 0,9

Wheel unloading « shall not exceed 90% of the average static wheel loads, 
Q0, of the running gear ».

Time-dependent MBS method
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Chinese Hat wind scenario

The mathematical model of the gust is represented below:

For articulated train sets all the vehicles have to be 
in the steady wind loading state before the second 
rise of the wind speed begins.

Chinese Hat 
exponential decay

Exponential rise (mirrored 
Chinese Hat decay)

Gust factor

Note: the wind gust is fixed in space and, as train speed is constant, the temporal distribution can 
be determined from the spatial one.
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The Chinese hat exponential decay is derived through the following steps:

1. Calculate the time constant for the gust by means of PSD of turbulent disturbances 
parallel to the main flow direction.

Mean time constant of the gust

PSD

Time constant of the gust

Chinese Hat wind scenario
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2. Obtain the expression of the resulting wind speed considering the related coherence 
function.

3. Calculate the wind speed normal to the vehicle .

4. Apply a low-pass filter using a moving spatial average with a window size equal to the 
vehicle length and a step size smaller than 0,5 m.  

Chinese Hat wind scenario

Resulting wind speed (longitudinal and transversal 
components of disturbances  parallel to the flow)

Wind speed normal to the vehicle (only transversal 

components of disturbances  parallel to the flow)

The Chinese hat exponential rise is mirrored from this one.

Umean is reached when the difference between the 
two functions is less than 1%.
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Implementation of MATLAB routine

1. Create gust time histories of resultant wind acting on the vehicle for 
the required train speeds (vtr), wind directions with respect to the line 
(� W) and maximum wind speeds range (Umax1… UmaxN). 

2. Create aerodynamic forces and moments time histories in a 
suitable SIMPACK format according to the gust time histories of 
point 1 and the received aerodynamic coefficients.

Implementation of both the two tasks in a MATLAB rou tine
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Determination of N gust
time histories

vtr, � W , 
Umax 1… Umax N

Calculation of relative
wind speed va(t)

and yaw angle � (t) 

Determination of 2N forces
and 3N moments

time histories

Aerodynamic coefficients
as function of � angle

v tr: train speed

� W: wind direction with 
respect to the line

Umax: maximum wind speed

MATLAB routine

Implementation of MATLAB routine
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1. Create gust time histories of resultant wind acting on the vehicle for 
the required train speeds (vtr), wind directions with respect to the line (� W) 
and maximum wind speeds (Umax). 

vW(t) � � (t) � va(t)
Chinese Hat

Implementation of MATLAB routine
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Grey cells have to be completed. White 
cells are recommended and can be 
completed by wind angle decomposition 
method (equivalent vector chain).

Table 6 of EN 14067-6 § 5.5.2 specifies the required combinations of 
parameters : 

CWC associated to other 
uncompensated acceleration 
values can be obtained by linear 
interpolation. 

The range of wind 
speeds (Umax) is 
chosen manually 
from the user.

Implementation of MATLAB routine
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Determination of N gust
time histories

vtr, � W , 
Umax 1… Umax N

Calculation of relative
wind speed v a(t)

and yaw angle � (t)

v tr: train speed
� W: wind direction with 

respect to the line

Umax: maximum wind speed

Implementation of MATLAB routine
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2. Create aerodynamic forces and moments time histories in a 
suitable SIMPACK format according to the gust time histories of 
point 1 and the received aerodynamic coefficients.

vW(t) � � (t) � va(t)

�
cFi( � (t)); cMi( � (t))

cFi( � ); cMi( � )
�

Aerodynamic load data 
are one of the essential 
input of this process.

Implementation of MATLAB routine
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Determination of N gust
time histories

vtr, � W , 
Umax 1… Umax N

Calculation of relative
wind speed va(t)

and yaw angle � (t) 

Determination of 2N forces
and 3N moments

time histories

Aerodynamic coefficients
as function of � angle

MATLAB routine

Implementation of MATLAB routine
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The output of MATLAB routine results in a series of suitable SIMPACK 
input function set files (.if2) that contain all the aerodynamic loads for 
carbodies:

InpFctSet_55p5_b90_w30p0.if2

Train speed (m/s) Wind angle � W Wind speed (m/s)

Implementation of MATLAB routine
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Implementation of SIMPACK analysis

3. Define all the required combinations of vtr, � W and uncompensated 
lateral acceleration (aq) and set up the MSB models in SIMPACK.

4. Set up a force element in the MBS model that applies aerodynamic 
forces and moments of point 2.

5. For every single MBS model, choose a range of wind speed (Umax) to 
test and set up a parameter variation (forces and moments change in 
every iteration and determine different unloading coefficients until the 
limit is reached /exceeded). 

All the simulations are launched by means of a .qs file script

The analysis of the results is made with SIMPACK Pos t Processor by 
means of a dedicated .spf file project
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Implementation of SIMPACK analysis

Parameter variation of 
N steps

for each of the models

Set up n MBS models
with appropriate force

elements

Analysis of the results
with a dedicated project file

in the Post Processor
CWC calculation

SIMPACK analysis

3. Define all the required combinations of vtr, � W and uncompensated 
lateral acceleration (aq) and set up the MSB models in SIMPACK.

Uncompensated lateral acceleration 
can be implemented by means of:
•Rail related track irregularities
(simulating cant deficiency 
associated to the requested aq)
•Modified G-vector (adding the 
requested aq value in the Y-
direction with the appropriate sign) 

The effects of uncompensated 
lateral acceleration and wind 
shall be considered concordant. 
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Implementation of SIMPACK analysis

Set up n MBS models
with appropriate force

elements

4. Set up a force element in the MBS model that applies aerodynamic 
forces and moments of point 2.

Creation of the Input Function Set in 
the model selecting the associated file.

Creation of the Time Excitation by 
Input Function (Type 02) for every 
aerodynamic load.
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Implementation of SIMPACK analysis

Creation of the Force Element by u(t) 
excitation components (Type 93) for 
every carbody.
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Implementation of SIMPACK analysis

Parameter variation of 
N steps

for each of the models

5. For every single MBS model, choose a range of wind speed (Umax) to 
test and set up a parameter variation (forces and moments change in 
every iteration and determine different unloading coefficients until the 
limit is reached /exceeded). 

The output channels have to be 
defined once, they can include:
•Wheel/rail contact forces (Q, Y, Y/Q)
•Aerodynamic loads
•Carbody, bogie frame and wheelset 
accelerations 
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Post processing of the results

Analysis of the results
with a dedicated project file

in the Post Processor

.qs file script

.spf file project

• Perform the calculations for all the required 
cases as a “cascade”

• Automated export of results in other formats (e.g. 
MATLAB, Excel)

• Monitoring of aerodynamic loads time histories
• Monitoring of vertical loads time histories on the 

“unloaded side”
• Calculation of the unloading coefficient by

means of appropriate filters to combine curves

Qi1: unloaded wheel of the 
first wheelset of the 
bogie

Qj1 : unloaded wheel of the 
second wheelset of 
the bogie
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Post processing

Direction of travel 

Vtr = 200km/h
� W = 90°
aq = 1 m/s2

Aerodynamic loads - M4C carbody
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Post processing

Direction of travel 

The most critical 
running gear is the 
second one in the 

direction of travel and 
not the first one: this 
behaviour is typical 
for articulated trains. 

Vtr = 200km/h
� W = 90°
aq = 1 m/s2

Vertical Q forces - Bogie B4
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Post processing

Direction of travel 

Vtr = 200km/h
� W = 90°
aq = 1 m/s2

Unloading coefficient – Bogie B4

« The value of wind 
speed shall be given 

to one significant 
decimal » � The first 

curve totally under 
the limit will be 

considered.
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CWC calculation

Cross-wind curves can be derived as a function of train speed (vtr) ...

The norm only require a 
presentation by table but the 

one by graph is more 
immediate. 
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CWC calculation

...or as a function of wind direction with respect to the line (� W) 
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Process overview

SIMPACK User Meeting 2011 – Salzburg, May 18th and 19th

Determination of N gust
time histories

vtr, � W , 
Umax 1… Umax N

Calculation of relative
wind speed va(t)

and yaw angle � (t) 

Determination of 2N forces
and 3N moments

time histories

parameter variation of N steps
for each of the n MBS models

n combinations of
vtr, � W , aq

N Unloading coefficient
time histories as function of

Umax

CWC calculation

Aerodynamic coefficients
as function of � angle

vtr: train speed
� W: wind direction with respect to the line

Umax: maximum wind speed

aq: uncompensated acceleration

MATLAB

routine

SIMPACK
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Future developments

Improve the automation of the process:
• Set up a multi-level parameter variation (introducing a loop 

for vtr, aq, rail inclination).
• Enhance the qs-script to determine automatically the Umax

value corresponding to a 0,9 unloading coefficient. 

Deeper investigate the possibilities of comunication between 
SIMPACK and MATLAB by means of SIMAT interface to 
obtain directly CWC tables/graphs as a result.
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Conclusion

� A method to verify cross-wind stability of a rail vehicle
according to EN 14067- has been implemented.

� Train speed, wind angle, uncompensated acceleration and 
aerodynamic coefficients are introduced as input data in a 
MATLAB routine to obtain aerodynamic loads for a range of wind 
speeds.

� SIMPACK has been utilized to perform a wind speed variation for 
every case to determine the unloading coefficient to verify the 
adopted criterion.

� The results have been analyzed creating a dedicated project in 
SIMPACK Post Processor and exploiting its different features 
(e.g. operations on curves, filters)

THANK YOU FOR 

YOUR
ATTENTION!
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