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1. INTRODUCTION TO ATTIF

1.1 Overview

The objective of this manual is to describe the use and capabilities of the computer program
ATTIF, which can be used in dynamic simulation of multibody system applica@gosmore
specifically, milroad train/track interaction. ATTIFA(alysis ofTrain/Track InteractionForces)
systematically treats interconnected rigid bodies utilizingnomlinear trajectory coordinate
formulation scheme to provid@mputationally lesgexpensive simulations withodisregarding

thedata accuracy of the analysis. ATTIF provides the ability to simulate accident investgation
train configuration evaluati@ operating speedsisercreated track scenari@nd a variety of

other features of train/track research indér&he theory used to develop the ATTIF code is
documented in several texts and published papers which clearly explain the formulations and
computer algorithms implemented. Using these references, the user can have a comprehensible
understanding of the stiture of the equations of motiarsed as well as the formulation of
various force and constraint elements included in the code library. The follahizgters

di scuss ATTIF6s features and provide the wuser
performing their own simulationd. is highly recommended that the user read the entirety of this
manual to be completely familiarized with the software before performing any simulations.

1.2 Code Structure

To achieve the goal of computationally inexgeaslongtrain simulations, ATTIF uses a
trajectory coordinate system which defines ea
to the bodyds trajectory along M#fLAeeqaiansa cur v
motion for each bodyf the railcar are then derived using the Newkaher equations and
expressed as trajectory coordinates. These trajectory coordinates are, in turn, used to simulate the
traction awl braking of the railcar.

Figure 1.1- Trajectory coordinates



The following form of the NewtorEuler equation is used in ATTIF
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wherem' is the mass of the rigid body; is a 33 3 identity matrix;l_;q is the inertial tensor
defined with respect to the body coordinate systEns the resultant of the external forces
applied on the body defined in the global coordinate system;VHni the resultant of the

external moments acting on the body defined in the body coordinate system.

1.3 Installing ATTIF

ATTIF is included in the installation of the general purpose multibody dynamics simulation
software SIGMA/SAMS. Therefore, to use ATTIF, only the installat@inSIGMA/SAMS
necessaryThere is no need to install ATTIF independent of SIGMA/SAR&. instructions on

how to install SIGMA/SAMS, please refer to the SIGMA/SAMS help manual.

! Computational Dynamics, Inc. maintains and continues the development of ATTIF. If you have
any questions, concerns, or are having any difficulty using ATTPplEéase contact the
administrative offices by phone at 630.750.5991 or by email at cdi@computational
dynamics.com.



2. GETTING STARTED

This chaptemprovides a brief preface of the ATTIF progrdom the user to become familiarized

with the applicationds interface. More det ail
in the later sections of this manual.

2.1 Introduction to the ATTIF Interface

Upon running theATTIF2000.exefile from the ATTIF directory located in the folder
C:\Sams200®R\pplicationdATTIF2000, Fig. 2.1 will appear on the computer screen. This is the

main window of the ATTIF interface, and it is from here that model features can be easily
created using each respectinterfaceoption.
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Figure 2.17 ATTIF Main Window

The ATTIF interface is organized into a few basic sections to Bynrthe process of creating

and analyzing simulation modelsg. 2.2 displays the main ATTIF window with marked
sections of the intéaice.
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Fig 2.27 ATTIF Interface Main Window Sections

2.2Main Menusof the Interface

This part of the manual lists the features and/or capabilities ofreanbof the graphical user
interface.

2.2.1 Menu Bar

The menu bar includes the bagile options that ardound on most common computer
programs.

2.2.1.1 File Dropdown Menu

With theFile buttona dropdown menuFig. 2.3,will appear andhe user may:

Fie | Edit  View Data

Hew Cerl+H
Open. Crleo
Save Chrl+s
Save As...

Print Preview:

Print Setup...

Print. Chil+P
Recent Files »

Restart ATTIF
Exit ATTIF



Figure 2.371 File Dropdown Menu
1) Create and opea new file: File Y New

This creates a new file with the default naftgfModel.datin the ATTIF
directory folder and opens it in the ATTIF interfag&e Appendix contains an
example data file for reference.

2) Open asavedile: File Y Operé

This option allove the user to select a compatible file to be loaded into ATTIF.
After selection, ATTIF immediately reads the file data into the interfaige 2.4
shows the data reading status window that will appear when a previously created
file is opened.This window will display the data that was successfully loaded and
any errors it encountered while reading the data. If errors are found, then the
file may need to be edited using a basic word editing software such as Notepad.
Editing the data fileg this way will be discussed in detail in a later section.

From the Data Reading Status Window, Br@eNot Show Data Reading Status
After Successful Data File Readingsx can be checked so that thisdow no

longer appears after a file is sessfully opened and read into the ATTIF

interface.

Data Reading Status

Reading Status:
1 @ Successiul Readings:

o - Simulation Mode 'Was Read Successfully,
»» Analysis Type Was Read Successfully
=>» Mumber of Degrees of Freedom Was Read Successfully,
»» Initialization Parameters Wwere Read Successfully
»» Marker 2 Data'Was Read Successfully.
»» Marker B Data™as Read Successfuly
»» Marker 16 Data Was Read Successfully
»» Marker 42 Data Was Read Successfully

»» Marker 92 Data Was Read Successfully

B Do Mot Show D ata Reading Status After Successful Data File Readings

Fig 2.47 Data Reading Status Window



3) Save fileFile Y Save

Saves the file with the current file name to the same directory it was opened from.
THIS WILL OVERWRITE THE PREVIOUS VERSIONDF THE FILE. If a

new file was created and this is the first time$a@ebutton is selected from the

File dropdown menu,the user will be prompted to browse for an appropriate
directory to save the file to.

4) Save fileasFileY Save Asé

Prompts the user to select a directory and new file name to save the currently
opened file as.

5) Display print preiew of graphics windowEile Y Print Preview

Opens the ATTIF Main Window asview of what he graphics window will look
like when printed. A print option and some other printing options are located on
the top command bar in this window. To returthte ATTIF Main Window,

select theClosebutton.

6) Display print optionsEile Y Pr i nt Set upé

Opens a small window with paper, orientation, and margin printing options.
7) Print the graphics windowFile Y Pr i nt é

Prints the graphics window todldefault printer.

8) Open and read recently opened filéige Y Recent Files

Clicking or moving the mouse over this button will cause a dropdown menu to
appear to the rightisplaying the locations dhe four most recently opened files.
Selectng one of these files will open and load that file. A prompt window may
open asking if the user would like to save the changes of the current file before
loading one of the recently opened files.

10) Restart the ATTIF applicatiofile Y Restart ATIF

Shuts down and restarts ATTIF. A prompt window may open asking if the user
would like to save the changes of the current file before restarting. Upon
restarting, ATTIF will open at the Main Window. Restarting is required after each
simulatian of models that include detailed contact.

11) Exit the ATTIF applicationFile Y Exit ATTIF



Shuts down ATTIF. A prompt windowill open asking if the user would like to
save the changes of the current file before exiting.

2.2.1.2 Edit Dropdown Menu

With the Edit button a dropdown menu, Fig 2.5, will appear and the user may:

Edit | Wiew Data  Simuolation  Res
Copy Image
Export Image As...
Reset Application Settings

Figure 2.5- Edit Dropdown Menu

1) Copy graphics windowEdit Y Copy Image

Attaches a screenshot of the current graphics window to the clipboard. Holding
down the left mouse button while the cursor is on the graphics window and
dragging will rotagé the camera angle of the graphics windBelease the left
mouse button at the desired view.

2) Export image of graphics windoEditY Ex port | mage Asé

Opens a window that prompts the user to select a location, file name, and file type

to save a image file ofthe current graphics window
3) Reset ATTIF application settinggdit Y Reset Application Settings

Resets all changed application settings back to their default values.

2.2.1.3 View Dropdown Menu

With theViewbutton a dropdown men Fig. 2.6, will appear and the user may:

View | Data  Simulabion  Resu
ZI Tool Bar
ZI Skatus Bar

D Chrb+1

Flot Chrl+2
Split Chrl+3

Data Reading Status

Figure 2.6- View Dropdown Menu

1) Select interface view by checkingfahecking desired option€heckingTool
Bar will show the Tool Bar, uithecking will hide it. Checkintatus Bamill



show the Stiaus Bar, uachecking will hide itChecking3D will show the
graphics window. CheckinBlot will un-check the graphics window and display
the selected results plot in place of the graphics window. CheSkiltgvill
display the selected resufibt on the bottom half of the graphics window

with the 3D graphics in the top half.

2) Open the Data Reading Status Window by sele@sig Reading Statusiere
theDo Not Show Data Reading Status After Successful Data File Reddixgs
can bechecked or uithecked depending on user preference.

2.2.1.4Data Dropdown Menu

With theData button a dropdown menu, Fig. 2.7, will appear and the user may:

Data | Simulation  Results  Help

ATTIF Directary 3

Update All Data Chrl+HJ

Expork ko SAMS2000.. .

Figure 2.7 - DataDropdown Menu
1) Open a window of the ATTIF directorata Y ATTIF DirectoryY Open
2) Update all data in the interface pan®sitaY Update All Data

3) Export the open fileot SAMS2000DataY Ex port t o SAMS2000é

2.2.1.5 Simulation Dropdown Menu

With the Simulationbutton a dropdown menu, Fig. 2.8, will app@and the user
may:

Sinulation | Results  Help

Run Ctrl+Shift+R

Run in Real-time Mode

Run in Engine Mode

Figure 2.8- SimulationDropdown Menu

1) Run the currently opened fil8imulationY Run



2) Pause the running simulatid®®mulationY Pause
3) Stop the running simulatio®imulationY Stop

4) CheckRun in Reatime moddgrecommended) for the graphics window to
display the results as soon as the program finds the results data for

each time interval. ChedRun in Engine Mod#or the graphics window to display
the results in the time frame of the simulation (i.e. télikes the train model

10 minutes tdravelthe length of the loaded track, then the graphics display will
be 10 minutes longand the animation is not enabled with that opfion

2.2.1.6Results Dropdown Menu

With theResultsutton a dropdown nmei will appear, Fig. 2.9, and the user may:

Results | Help

Save Resulks During Run-time

Qukput Size Reduction Fackor 3

Export Results As ASCILL..

Figure 2.97 Results Dropdown Menu
1) Save results during retime: ResultsY Save Results During Riime

This saves the results as they are found during théimenof the simulation for each
time interval

2) Reduce the output sizResultsy Output Size Reduction Factor

Opens a text box to enter a value for the size reduction factor of the output file. This
simply skips the writing of a certain portion of data points to save space because the
output files may become very large (>10MB) for some detailed models. The default
value is 1, which writes all data points for each time step.

3) Export the simulation results as an ASCII flResultsY Ex port Resul ts as

After ending a simulation, sel@ag this option will open a window prompting the user to
select a name and destination folder to save the results files to. It will save the results file
in ASCII format and with the default name AttifResults.txt if no new name is entered.



2.2.1.7Help Dropdown Menu

With the Help button a dropdown menu, Fig. 2.10, will appear and the user may:

Help |
About ATTIF,. F1 t

Figure 2.107 Help Dropdown Menu
1) View ATTIF application informationHelpY About ATTI Fé

Opens a window displaying the currently installed version of ATTIF and a brief
description of ATTIFOS purpose.

2.2.2 Tool Bar

The Tool Bar is a command ribbon below the menu bar itfthides a few quiciselect
buttons

1) Create new file button

Creates a new file and loads it into ATTIF interfaggorompt will appear asking user to
save current file if one is open and changes have been made after a previous save.

-
-

2) Open file button

Opens directory browsavindow to select a file to open and load into the interface.
A prompt will appear asking user to save current file if one is open and changes have
been made after a previous save.

3) Save button H

Saves file. THIS WILL OVERWRITE THE PREVIOUS VERON OF THE FILE.

4) Print button >

Sends image of the 3D graphic display to the printer.

5) Help button 2

Opens the Help window which displays the application version and ATTIF desciiption



6) 3D display button @

Displays only the 3@raphics of the model in the Graphics Window of the interface.

7) Results plot button

Displays only the selected results plot from the Results Tab in the Graphics Window.

8) Split screen button ﬁ

Displays both the model 3D graphics and #wsuits plot in the Graphics Window.

2.2.3Panel Buttons

[ | ote ][ cona | Fomts |

Figure 2.117 The Panel Buttons

The Panel ButtonsFig. 2.11,are used to switch between the different tabs utilized by the
userinterface.

1) Nonebuttoni Removes the Data Entry Panebrfr the display. Whichever display
option is selected will be transposed to fit the entire length of the screen.

2) Data buttoni Shows the Data Tab in the Data Entry Panel on thénéeftl side of the
screen. The Data Tab is used to build models ahthevexplained in a later section.

3) Control buttoni Shows the Control Tab in the Data Entry Panel. The Control Tab is
used to changetheet t i ng of a | ocomotiveds tractiyv
coupler activation. It will be fully explaed in a later section.

4) Resultsbuttoni Shows the Results Tab in the Data Entry Panel. The Results Tab is
used to display selected data on the results plot. It will be explained in detail in a later
section of this manual.

2.2.4 Feature Seleon

Model bodies and components can be selected through the use of the Feature Selection boxes,
Fig. 2.12.
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Figure 2.121 Feature Selection boxes

The carsand components created in the file can be selected for editing by either scrolling
through the fetares with the arrow buttons or by typing in the number of the desired feature
in the boxes. These two numbecar(number and component number) also refer to the model
feature that the Graphics Window is centered on.

2.2.5 Status Bar

The Status Bar shies the percentage of completion of the loaded file while it is running.
Directly below the Status Bar, other useful information is also displayed. The simulation time,
position of the selected feature (from Feature Selection boxes) alongatie of thetrack,
velocity of the selected feature along thaxss, and curvature of the track at the point of the
selected feature are all conveniently displayed faclqreference during simulation$he
simulation may also be started, paused, or stopped usirgréispective buttons, Fig. 2.13,
located directly below the Status Bar.

B Josx

SIMULATION: } Status: Data Entry Time {s): 56.25 Position{m): 954.73 ¥elocity{m/s): 1755 Curvature{deg.): 0.00

Figure 2.131 Status Bar and quick reference data

2.2.6Data Input Pansl

The Data Input Panel is ed to build, define, constrainpntrol,import dataand select
results Thepanel can be switched between Data, Control, and Results using the Panel
Buttons. TheData Panel contains many tabs which are organized into categories for the
simple modeling of any necessary features. Toetrol Panel andResultsPanel do not have
anytabs. These three panels will be explained in greater detail in the next chapter.

2.2.7 Panel Tabs

The Panel Tabs, Fig. 2.14, may be used as an alternative to the previously mentioned Panel
Buttons. Selection of a Panel Tab will display its respe@&t&a Panel in the Data Input
Panel section of the interface.



Diata Tab | Control Tab || Resulks Tab

Figure 2.141 Panel Tabs

2.2.8 Graphics Window

One of the most useful features of any simulation software is the ability to display the model
on screen to provide a visual understandingvbét is happening. This feature is extremely
helpful in building models and fixing any present errételding down the left mouse button
while the cursor is on the Graphics Window and dragging will rotate the camera angle of the
Graphics Window. Releaséd left mouse button at the desired view. Remember that the
Graphics Window will always be centered on the feature indicated in the Feature Selection
boxes.The center of the Graphics Window (0,0) can be located at the intersection of the two
white axes X-axis and yaxis). Gray grid lines are displayed every ten meters alongdhkis s

and yaxis.



3. LONGITUDINAL TRAIN MODELING IN ATTIF

This chaptedescribes the input data required to create a model in ARATiRodel is defined by

a collection of bodies, components, kinematic constraints, force elements, and other sets of data
segments thatlescribe thesystem inertia, materials, and dimensions. This section gives a
detailed description for all the standard data for elements that arefuesATTIF library.

3.1 DataEntry

ATTIF includes a simple usenterface that allows model data to be entered into prescribed
locations amongst the organized tedeeFig. 3.1 This section will explain the details of each of
the Data Tabs.

Mo ER  View Dsta  Smudstion  Resuks  Heb

~ EMER
T TS =i i o0
|  Nome | Data I Cortiol l Reats ' 5
Comporent o0
D ata 'I‘abs Seedation Pacamaters D WrdowSettirgs = Buthng  PnJomt  Contact
Cot | Couplers  ArBrake | Teack/Spine | Recorded Contsol - Spengs - Bessngs
[ NewtBoyCa | [Inceasse
[ New3BodyCar | | AddMNew Body sz Companer!
] Move Compaoneris with Man Body

Box Car ¥ [[] Add Componert As Indepentent Body

Sub,Tabs —_— Locometive Engre/Brake ~ Adheson  Wheels L Ader ~ Brake  Graphecs

Body Deogroes of Fasedom Restance

Data Entry Boxes

i

DataTab Cortroi Tad  Resusts Tad

Ready

Figure 3.17 DataPanel displaying th€arsTab. Data Tabs and Data Entrg)s are marked.



3.1.1 Cars Tab

ATTIF allows each body to have from one to six degrees of freedom by the user,
allowing for simplified train models when the interest is only on theetntof the train
consist. Alternatively, the user may also define fewer but more detailed bodies as
articulated cars to analyze derailment and accident scenarios at a clesef tesired

The combination of these two methods results in a gr&atawxledge of the interaction
forces of long trains.

Upon opening the ATTIF program and creating a new file, the Cars Tab will be displayed
in the Data Entry Panel, Fig. 3.1. This Tab includes hecessary input points for
creating each railcar. Directly beneath the marker for the Cars Tab are a few important
buttons and boxes, Fig. 3.2.

Simulabon Parameters 30 Window Settings Buzhing Piry Joint Contact
Cars | Couplers | Air Brake | Track/Spline | Recorded Conticl | Springs | Bearings

[ NewlBodyCar | [ Insematter | [ Copy | Insen

[ New 3Bady Car ] [] Add New Body as Component
Vehicle T}rpe Move Components with Main Body
P | Box Car ¥ | [ add Component &s Indepentent Body

Dropdown Menu

Figure 3.21 Cars Tab primary buttons and check boxes

1) New 1Body CarButtori Creates a new single bpdehicle and displays it in the
graphics window. Use this button for a very simplified car model, where the car body,
bogies, and wheelsets are all considered as part of one body by the program and are not
treated independently in the simulation.

2) New 3Body CarButtoni Creates a new triple body vehicle and displays it in the
graphics window. Use this button for a car that treats the car body and theutk®
(bogies)as independent components. The individual components of the body can be
seleted with the Feature Selection Component box which, by default, assigns the
number 0 to the car body, 1 to the reack, and 2 to the leanluck.

3) Vehicle TypeDropdown Menu Use this menu to select which type of rail vehicle, or
component you wdd like to model. Vehicles include: Box Car, Flat Car, Locomotive,
Tank car, and Hopper Car. Note that the default parameters of these vehicles do not
change for different selections, with the exception of the Locomotive. The \@lscle
graphics displayg i n t he Graphics Window wil|l be
Components includeTruck, Wheel Set, and FramBote that these components may
only be added to the model as Components, sd\thwe 1Body CarButton must be
selected.



4) Insert Aftefinsert BeforeToggle Buttoni This button allows bodies and components

to be added in to different fashionslrdkert Afteris displayed, then selecting one of the

New Car Buttons will insert the new desired body or component after the currently
seleted carcomponent in the Feature Selection boxes. Clidert Afterto toggle to

Insert Beforeand vice versalnsert Beforeadds the new feature before the selected
body/component in the Feature Selection bokés.t e Aftérdat a Beloredi onl y

refer to the assigned car number and component number of the new feature and not the
physical | ocation of the feature within tFh
will be at the origin and the location must be changed iBtty Sub Tab.

5) Tothe right of thelnsert Aftefinsert BeforeToggle Button are th€opy, Insert and
DeleteButtons Fig 3.3 TheCopyButton is useful for copgpg the selectecCar (this will

copy all of t he c ar-babs). Aftarrthe Gopy Baittors hasbeem m t h e
pressed thénsert Button will become available and the user may select it to insert the
copied Car into the model. ThBelete Button will remove the selected Car or
Component from the model and remove its displayed graphics from the Graphics
Window.

| Copy | Inset | Delete |

Figure 3.37 Copy, Insert DeleteButtons from the Cars Tab

6) Add New Body as ComponeBheck Boxi Checking this box will add a selected
component (Truck, Wheel Set, or Frame) from the Vehicle Type Dropdown Menu as a
component of the currentaC Remember that thimsert Aftefinsert BeforeToggle
Button still applies.

7) Move Components with Main Bo@heck Boxi This box is checked by default and is
useful when placing new Cars in your model. The Initial Position of the components will
remain in their locations relative to the main body when a new location is eritegretie

main body of the car (component 0).

8) Add Componentsaindependent Bodgheck Boxi Checking this box will assign a
newly added component its own Car numbercé:miponent number will be 0.

3.1.11 Body SubTab

ATTIF all ows each component (body) of a
needs. The Body Stibab, Fig 3.4,within the Data Tab includes the main
physical attributes of the component.



Body Degrees of Freedom Fesistance

Bady Infarmation
Car Mum. |1
Bady Mum. in Data File |1 Description |Box Car- Main Bady

Mass and Inertia Initial Positions
Mazs | BO000.0

| | 100000.0 lwy |0.0 £.0 Roll 0.0
|yy | E50000.0 lyz |0.0 Y (0.0 aw (0.0
|zz |E00000.0 |z |0.0 Z |25 Pitch 0.0
Initial Yelocities Constant Loads
5100 Rall (0.0 % (0.0 Roll (0.0
Y 0.0 Yaw 0.0 yo|0.0 Yaw 0.0
z |0 Fitch |0.0 -4303325 |Pitch (0.0

Figure 3.47 Body SubTab

Body Information: This section includes the Car number of the selected
component, the assigned body number of the selected component in the data file,
and a description of the component type.

Mass and Inertia: This sectiong used to input the mass and mass moment of
inertia of the body.

1. Mass The mass of the body (kg)

2. Ixx The mass moment of inertia abodéixis (kgm?)

3. lyy The mass moment of inertia aboudyis (kg-m?)

4. 1zz The mass monme of inertia about -axis (kg-m?)

5. Ixy The product ofnertiaof x-axisabout yaxis (kg:-m?)
6. lyz The product of inertia of-gxis about zaxis (kg-m?)
7. lzx The product of inertia of-axis about xaxis (kg-m?)

Initial Positions: This section is used to input the initial coordinates that define
the initial conditiongrajectory coordinateat the beginning of the simulation of
the body.

1. S The initial globals-coordinate of the center of mgss)
2. Y The initial global ycoordinate of the center of mgss)
3. Z The initial global zcoordinate of the center of mgss)
4. Roll The initial rotation angle about theaxis fadian3
5. Yaw The initial rotation angle about theazis (radians)
6. Pitch The initial rotation angle about theaxis (radians)



Initial Velocities: This section is used to input the initial velocities at the
beginning of the simulation of the body.

1. S The initial global velocityof thecenter of mass
along the xaxis (m/sec)

2. Y The initial global velocityof the center of mass
along the yaxis (m/sec)

3. Z The initial global velocityof the center of mass
along the zaxis (m/sec)

4. Roll The inital angular velocity about theaxis
(radians/sec)

5. Yaw The initial angular velocity about theaxis
(radians/sec)

6. Pitch The initial angular velocity about theaxis

(radians/sec)

Constant Loads This section isised to input the constant forces acting on the
body. These forces must be defined in the global coordinate system. These
constant forces can be used to represent gravity and load forces.

1. X The constant global force acting on the bodthm
x direction (N)

2. Y The constant global force acting on the body in the
y direction (N)

3. Z The constant global force acting on the body in the
z direction (N)

4. Roll The constant torque acting on the bodyudtibe
x axis (Nm)

5. Yaw The constant torque acting on the body about the
z axis (Nm)

6. Pitch The constant torque acting on the body about the
y axis (Nm)

3.1.1.2 Degrees of Freedom Stab

In ATTIF the Degrees offleedom (DOF) of a body can be added or removed
with ease. The Degrees of Freedom-Sab, Fig. 3.5, located with the Data Tab
allows the six DOFs of each body to be included in or removed from the
simulation. This feature permits the user to neasily test certain features of
their model, while cutting down on computation time.



Locomative Engine/Brake | Adhesion | Wheels & Axles | Brake Graphics
Body Degrees of Freedom Resistance

[egrees of Freedom

Use 5 [] Use Rall

UseY [ Usevaw
Use Z [ Use Pitch
Uze Constant Yelocity Constraints
(® Constrain 5 Yel. Constrain Foll el
O Constrain' el. Constrain ' aw el.

O ConstrainZ Wel. Constrain Pitch Vel

Constant Welocity 0.0

Figure 3.57 Degrees of Freedom Sdtab

Degrees of FreedomCheck/Uncheck each box to add/remove D(F the
selected currently body

User Constant Velociy Constraints: Select/DeSelect each circle to add/remove

a velocity constraint in the desired direction. These velocities will remain constant
for the selected body for the duration of the simulation. For each DOF box
checked, a Constant Velocity@straint may be chosen for that DOF and the
desired velocity entered in the box at the bottom of theT&lh

3.1.1.3 Resistance Sdm@ab

Air resistance is an important consideration when simulating train dynamics over
long distances. ATTIF inaldes resistance formulations to include these forces as
part of the simulationThe resistance force modéfelude rolling resistance,

curve, grade resistance and aerodynamic resistdheegolling resistance is
dependent on the vehicle weightimber of axles per vehicle, and the vehicle
speed. The physical resistance is effective through the journal and flange of each
axle on the railcar. Curve resistance is comparatively similar to rolling resistance
in that the motion of the axelggerience forces acting against them as they move
along a curved track segment and are dependent on vehicle weight, track
curvature and resistance. Lastly, the aerodynamic resistaoaelimpedes the
motion of the railcaas it moves through thaar utilizing theDavis EquationThe
Resistance Sulbab, Fig. 36, lets the user modify tteerodynamic properties of
each body.



Locomotive Engine/Brake | Adhesion | ‘Wheels & Arles | Brake | Graphics
Body Degrees of Freedom Resistance

Use Resistance Model

Aerodynamics Properties
Middle Car

Front Rear
* Pogition of Area Center |B.0 -B.0
' Position of Area Center (0.0 0o
Z Position of Area Center |-2.5 2.5
Croszs Section Area |10.2 102

Figure 3.67 Resistance Subab

Aerodynamic Properties Check/UnRCheckUse Resistance Modtd include the
aerody@a@ mi ¢ resistance formulation for the
location within the train consist by selecting a position from the Car Location
dropdown menuThe X, Y, and Z position (m) of the Area Center of the body

may be specified itheir respective data boxes for the front and rear of the body.

The cross sectional area3qnmay also be specified for the front and rear of the

body in the last row data boxes.

3.1.1.4 Locomotive Engine/Brake Siilab

The tractive effort forcés the propelling force produced by the locomotive that
drives the train. The force is generated through friction between the wheels of a
locomotive and the rails of the track. ATTIF includes a locomotive model based
off of the ElectreMotive Diesel SD40-2 locomotive specifications in the vehicle
library. This type of locomotive develops the tractive effort forces by combusting
diesel fuel to power electric drive motoEdectric propulsion locomotiveaso

utilize dynamic brakes by ugirthe tractive effort motors in the locomotive to
create a torque on the wheels that opposes the motion of the train. ATTIF models
this element of the locomotiv@milarly to thetractive effort, with eight different
control positions. When theydamicbrakesare applied th&inetic energyof the

train is converted into electrical energy, whislthendissipated by rg@stor banks

in the locomotives.

For each Locomotive in the modéhe Locomotive Engine/Brake Sdtab, Fig.
3.7, will be available. Here the user may change the default parameters of the
selected Locomotive.



Body Degrees of Freedom Resistance
Locomotive Engine/Brake | Adhesion | ‘Wheels & xles | Brake | Graphics

Usge Tractice Effort Uge Dynamic Brake

Locomotive Tractive Properties Locomaotive Brake Properties

Engine Type | EMD SD40 Engine Type | EMD 5040 »
Thiottle Position |0 Motch |0

Reverser | Fonward -

Ramping Rate | 3000.0 Ramping Rate |5000.0
Scaling Factor 1.0 Scaling Factor [1.0
Threshold Force | 100.0

Figure 3.77 Locomotive Engine/Brake Stibab

Locomotive Tractive Properties Check/UnCheckUse Tractive Efforto

enabl e/ di sabl e tits wactivecefod emgines wheldopsovides e o f
the propulsion force of the train. The locomotives in ATTIF are based on the
operating characteristics of the EleeMwotive Diesel SB40-2 locomaotive. In the

Engine Typ&ropdown Menu this locomotive cdme selected (the only available

choice at this point in development). The throttle positioB8)(6f the selected

l ocomotiveds tractive effort engines ca
zero through eight into thEhrottle Positiondata lmx. Three gearing position are
available: Forward, Neutral, and Reverse. The position can be chosen in the
ReverseDropdown MenuRamping Rate, Scaling Factor, and Threshold Force

of the locomotive may also be edited from their default by emgenny positive

value in their respective data entry boxes.

Locomotive Brake Properties Check/UnrCheck Use Dynamic Brake to

enabl e/ di sable the |l ocomotiveds use of
may be selected. The brake positiof285) may be chosen for the selected

locomotive by entering a value into tNetchdata box. This will constrain the

brake to that position for the duration of the simulatiihe Ramping Rate and

Scaling Factor can also be assigned using theiectisp data entry boxes.

3.1.1.5Adhesion SubTab

Another important aspect of railroad dynamic studies and research is-Réikel
Adhesion ATTIF allows the user to: define wheel and rail surface geometry for
railroad applications, find the whéail contacts and to specify the method in
which the contact forces should be calculated. There are several three
dimensional formulations implemented in ATTIF that can be used to determine
the wheé#rail contact points onlineThe wheel and riasurface profiles can be
defined in ATTIF using a spline function representatiime Adhesion Suliub,



Fig. 3.8, allows the user to adjust the foctcoefficients between the Wheel Set
and rails.

Body Degrees of Freedom Fesistance
Locomative Engine/Brake | Adhesion | wheels & Axles | Brake Graphics

Ise Adhezion
wheel-Hal Friction Coefficient

® Dry Rail Dry Coefficient |0.4
O wet Rai ‘wet Coefficient 0.2
[ Sanded Rail Change due to Sand |01

Figure 3.87 Adhesion Sublrab

WheelRail Friction Coefficient: Check/URCheckUse Adhesiomo

enable/disable the inclusion ofthewheea i | fri cti on coef ficie
dynamicanalysis algorithmdry, wet, and sanded rails may be selected and their
respective coefficients egred in their corresponding data boxes. $haded Rall

may be checked for eith®ry Rail or Wet Rail Sand is commonly carried on

locomotives and poured along the tracks to help add traction in bad conditions.

3.1.1.6Wheels & Axels SuiTab

The number of axels and its characteristics can be edited from their default values
through théWheels & AxelSubTub, Fig. 3.9,within theCarsTab of theData
Panel.

Body Degrees of Freedom Resistance
Locomative Engine/Brake | Adhesion | ‘Wheels & &xles | Brake | Graphics

Axlez

Mumber of &xles | 3 '

Axle and Wheel Data

Ay Half Width Wheel Rad. ® Y Z
1 0.755 0.4572 207 0.0 -0.0428
2 |0.755 0.4572 0o 0o -0.0428
3 |0.755 0.4572 2.07 0.0 -0.0428

4
5
B

Figure 3.97 Wheels & Axels Suirab

Axles: By clicking the arrow a dropdownenus will appear and the user may
select the Number of Axels for the selected Car or Component. A value of 2 or 3
should be chosen for selected Trucks.

Axle and Wheel Data For each axle of the selected Car or Component, certain
parameters malye adjusted in the model. The Axle Half Width (m), Wheel



Radius (m), and X, Y, and Z locations (m, relative to main body) can be assigned
by entering values in their respective data boxes.

3.1.1.7Brake SubTab

Each Car ds Ai r Uni (C&W) and Spacific btakenmodelariay be

altered within thBrakeSub Tab, Fig. 3.10. This feature is used to test a brake

model 6s effectiveness and then to compa
performance benefits.

Body D egrees of Freedom Resistance
Locomative Engine/Brake | Adhesion | ‘Wheels & Axles | Brake | Graphics

Use Air Brake M130
Erake Model
Air Brake M130 Number | 1

Use Air Brake M133
Car Cantral Unit Data

Brake M133 Mumber | 1 Brake Cyl. Area |0.05067
Audliary Pes. Volume |0.0454 Brake Cyl. Volume |0.0048393
Emergency Fes. Vaolume | 0060550 Friction Coef. [0.35
Pressure Difference | 103420 | Emergency Pressure Rate |-200000.0
Relative Branch Pipe Poz. (0.0 Relative Pipe End Pos. (0.0

Connecting Areas

Brake Pipe-turiliary Res. |2.011E-08|  Brake Pipe-Emerg. Res. |1.096E-08
Brake Pipe-Atmosphere |1.267E-05|  Brake Cyl-Ausiliary Res, | 2.0645E-0
Brake Cyl -Emerg. Res. |4.129E-06)  Brake Cyl.-Atmosphere |4.453E-05

Brake Rigging
Ratic {100 Efficiency |0.65

Brake Cylinder Spring
Stiffness [14533.31 taxirum Dizplacement |0.2032

Figure 3.107 BrakeSubTab

Brake Model: If a Simple Air Brake is created in the model throughShaple
Air BrakeSubTab of theAir BrakeTab, then the Brake Model M130 Number
selection becomes available in B@keSubTab of theCars Tab.Check/Un
Check theJse Air Brake M13®ox to enable/disable the inclusion of the M130
air brake in the simulatiotJse the entry box to assign a marker number to the
selected Cards simple air brake.

Car Control Unit Data: As with the Simple Air Brake, if a Detailedr®rake is
created in the model through tbBetailedAir BrakeSub Tab of theAir Brake

Tab, then the Car Control Unit Data section becomes available Brake Sub>

Tab of theCarsTab. This section includes many inputs that determine the
parameter values of the Detailed Brake CCU. All parameters are in the standard
International System of Units (SI) units.



3.1.1.8Graphics Suilab

An important part of dynamic simulations and a valuable feature of ATTIF is the
abilityto graphica | y portray each bodyo6és kinemat:.
Visualization assists the user in constructing the model and helps make finding
modeling errors more inherefthe GraphicsSub Tab can be seen below in Fig.

3.11.

Body Degrees of Freedom Resistance
Locomative Engine/Brake | &dhesion | Wheels & dxles | Brake | Graphics

Car Body
Car Shape | Box Car A

Length |12.0 width | 3.0 Height | 3.4

Body Offset from CG
w00 Y00 Z|0.25

Figure 3.111 Graphics Suilrab

Car Body: The graphical representation of the Components in the Graphics
Window can be selected using ar Shapédropdown Menu. However, only
the main body of a car may be changed from its default graphic and
measurements. Theength(m), Width (m), andHeight(m) of the main body may
also be entered.

Body Offset from CG: If the user wishes to adjust the location of the graphic of a

body within the Graphics Window, then data values may be entered (m, positive

or negative)todgl ace the bodyds center of gravi
Note that the bodyds true center of gra
BodySubTab in theCarsTab will remain the same.

3.1.2 Couplers Tab

Linking multiple cars togethenia train necessitates the use of coupler elem@otgler
elements that connect train cars have a significant effect on longitudinal train forces and
can significantly influence the stability, derailments and accidents of railroad vehicle
systems. Itis known that longitudinal train forces during braking, traction, and curve
negotiations heavily depend on the design of these couplers, their degrees of freedom,
and their ability to absorb impact forces and dissipate enasgghown in Fig. 3.12, the
coupler element consists of a head and shank that can be connected to a flexible unit such
as a draft gear or an ewdcarcushioning (EOC) device which are attached to the car
body.



Draft Gear

CarBody

Knuckle

Figure 3.12- Coupler Components

ATTIF has a new thredimensionanontlinear train car coupler model that takes

into account thgeometric nonlinearitgue to the coupler and car body

displacements. The proposed Amear coupler model allows for arbitrary three
dimensional motion of the car bodies angtaaes kinematic degrees of freedom that are
not captured using existing simpler models. The coupler kinematic equations are
expressed in terms of the car body coordinates as well as the relative coordinates of the
coupler with respect to the daody.

Couplers may be added wherever the user specifies in the train consist and be selected as
either a draft gear or an ewdlcar cushioning device (EOC), where the energy of the
attached components are dissipated by dry friction or fluid dampapgectively. In the
formulation used in ATTIF, the model of any particular draft gear is based on force
displacement relationships determined using empirical formifees.  creating

vehicles in theCars Tab, the user may thewmrnect them together bgakingcouplers in
theCouplersTab, Fig. 3.13
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Figure 3.131 CouplersTab located by arrow. This figure displays the Simple CouplefTaib

The user must first choose between a simple or detailed coupler, and then select its
respective Sulfab. Detailed couplers allow the user to specify more thorough
information into theBody Datas ect i ons f or the coupl er. To
button at the top right of the Sttab must clicked first before entering data. Once the
coupler is createdse the following sections of the Stiab to define the newly created
coupler.A coupler will appear as a small black rectangle in the Graphics Winagmw, s

Fig. 3.14below.



Couplers

Figure 3.141 Couplers in the Graphics Window

Body Indices Enter the ar and component numbers of the bodies that the
coupler is linking.

Coupler Data: Select what type of coupler you would like in theupler Type
Dropdown Menu. Couplers may also be made activaaiive by checking/un
checking the check box unaheath theCoupler Typedropdown Menu. Here

some basic parameters (all in standard Sl units) may be entered for the coupler.

Body | Data: ATTIF requires the location on first body (bodywvhere the

coupler is connected to be entered in this secédso, the direction vectors must

be entered, but the default values that appear can be used in modf eases.
detailed coupler was chosen, then ten more parameter values are needed for the
coupler model and may be entered into their respediita entry boxes.

Body J Data ATTIF requires the location on second body (bpdyhere the

coupler is connected to be entered in this section. Also, the direction vectors must
be entered, but the default values that appear can be used iragesdf a

detailed coupler was chosen, then ten more parameter values are needed for the
coupler model and may be entered into their respective data entry boxes.

Shank Knuckle/Chassis Data This last section is only available in tBetailed
Coupler SubTab. Here six more parameters are required for the shank knuckle
and chassis of the coupler.

3.1.3 Air Brake Tab

Much like theCouplersTab, theAir BrakeTah, Fig. 3.8, allows the user to create either

a simple or detailed air brake mdd@/hichever type is chosen will be effective for the
entire train modelATTIF integrates an air brake model with efficient train longitudinal
force algorithms based on the trajectory coordinate formulations. The air brake model
developed in ATTIF consts of the locomotive automatic brake valve, air brake pipe, and



car control unit (CCU) as shown in Fig.18. Using the finite element method, the
proposed air brake force model accounts for the effect of the air flow in long train pipes
as well as th effect of leakage and branch pipe flows. This model can be used to study
the dynamic behavior of the air flow in the train pipe and its effect on the longitudinal
train forces during brake application and release.

Locomotive Control Unit

Control Unitof Car 1 «.. Control Unitof Cari ... Control Unit of Car N

Figure 3.15- Main air brake compants

Detailed CCU as shown in Fig. 3.16 is considered. The coupling between the air brake,
locomotive automatic brake valve, car control units, and train equations is established and
used in ATTIF in the simulation of the nonlinear dynamics of loriggra

Brake Pipe

Emergency
Reservoir

Control Valve

° ! 1
Brake Cylinder [ emerzenc
fPortom ]
Brake Rigging /_\ Auxiliary Reservoir
LJ
(]

Brake Shoe Wheej

Figure 3.16- Car control unit components

The car brake forces-ig. 3.17, that depend on the locomotive automatic brake valve
handle position and are applied to the wheels using the CCU located along the brake pipe
enter into the formulationfahe nonlinear train dynamic equations.



f})m}:e ’

‘I
Figure 3.17- Brake force on a car wheel

Different computer simulation scenarios have been considered in order to investigate the
effect of the air brake forces on the train longitudinal dynamics in the catifesént
braking modes.

Simulation Parameters 30 Window Settings Buszhing Firi Jaint Contact
Cars | Couplers | &irBrake | Track/Spline | Recorded Control | Springs | Bearings

Simple Air Brake | Detailed Air Brake

Model Number [T % | of 1 New
General
Hurnber of Braked Wheels |8 Auiliary Res. Yolume |1.25
wheel
‘wiheelR ail Friction Coefficient | 0.3
Inertia |60.0 Radius |0.48
Brake Cylinder
Yolume | 0.5 Piston Area (07
Spring Stiffness (10000 Initial Spring Def. |0.01
Brake Pad
wWheel-Pad Friction Coeffizient | 0.5 Wheel-Pad Gap |0.01

Figure 3.181 Air BrakeTab displayingSimple Air BrakeSubTab

The user must first choose between a simple or detailed air brake, and then select its
respective Suflfab. Detailed air brakes allow the user to specify mo@otigh
information for the air brake. To build a
top right of the Sullab must clicked first before entering data. Once the air brake is
created use the following sections of the Sab to define the mdy created

coupler.

General: Define the number of braked wheels on each vehicle and the auxiliary
reservoir volume of the air brake model.



Wheel: Enter data for wheehil friction coefficient, inertia and radius.

Brake Cylinder: Define the pamaeters for volume, spring stiffness, piston area

and initial spring deformation into their respective data entry boxes.

Brake Pad: Define the wheepad friction coefficient and wheglad gap of the

air brake model.

Information for theDetailed AirBrakeSubTab, Fig. 3.19is much more extensive than

for the simple air brake. This Sdtab allows the user to enter specific data for a

parti

cul ar

i ndustry

air

br ake

model

Def au

clicked, and these valaecan be helpful if alternative values for certain parameters are

not known.

Simulation Pararneters

30 Window Settings Buszhing

FinJaoint | Contact

Cars Couplers | AirBrake | Track/Spline | Fecorded Contol | Springs || Bearings

Simple Air Brake

Model Mumber |1
General
Main Rezervair Pressure

Operating Pressure

Brake Handle Position

(%) Recharge

Brake Pipe Data
Element Type

MHumber of Wodes

Cut-off Walve Position
(%) Head End

Air Properties
Wiscogity
Gas Constant
Friction Coefficients
al [Laminar)
a2 [Tranzient]
a3 [Turbulent]

2BC Walve Properties
Weq |0.00360515
411 |0.00010722
L11 |28.78
K11 |1.73
kD |5.78
®S |0.00635
#E |0.004064
A21 |1.BE-05

Detailed air Brake

% | of1

10528294
72185315 | Atmaspheric Pressure
) Service
Linear w Brake Pipe Area
45 Leakage
) RearEnd
1.95E-05
2869 Temperature
E4.0 b1 [Laminar]
0000375 b2 [Transient]
0154 b3 [T urbulent)
A12 | 0.0083613 A15
L12 | 2816 L13
K12 |3.56 K13
D14 00236 [B3]5
*0 | 000710668 =
Aeqes | 2.9E-06 Aeqve
L1 |50 k.21
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) Emergency
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0.0

3000

.0
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317E-05

16.46
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0.000762
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26476 v

Figure 3.1971 Detailed Air BrakeSubTab



3.1.4 Track/Spline Tab

A vital part of any train model is the track, and ffrack/SplineTab, Fig. 3.20makes it
simple to selecand load a track file into the interface. Spline data can also be loaded for
models which include wheeil contact.

Simulation Parameters 3D Window Settings | Bushing | PinJoint | Contact
Carz Couplers | A Brake | Track/Spline | Recorded Control | Springs | Bearings
Track File

File Status

Open Track File ” Open Default Track File

File Path

Load Track Data

Track Curve Mumber |1

Splirne Functions

Open Spline File || Open Default Spline File

Figure 32071 Track/SplineTab

Track File: To load a track file into ATTIF first an appropriatiatfile must be
openedOpelmmeTriack Fileo button wild|l open
search for the desired file. I f AOpen D
default track of ATTIF (SamsCrvt.dat) will be opened. Once the track file is

opened the file path Wibe displayed and the track can be loaded by clicking

ALoad Track Datao.

Spline File As mentioned before, if contact has been included in the model, then
spline functions can be utilized in theack/SplineTab. The Number of Spline
Functionsbox refers to the number of spline functions defined in the spline data
file. This value is typically 3 (for left rail, right rail, and center line splines).
Opening a spline file for the loaded track is similar to the procedure for a track;
however the spline does not need to be loaded after opening.



3.1.5 Recorded Control Tab

Tractive effort, dynamic brake, coupler activation, and air brake positions can all be
varied throughout a simulation by using fRecorded ControTab, Fig. 3.21This Tab is
useful in prescribing acceleration/braking scenarios for a model.

Simulation Parameters 30 window Settings Buzhing Fin Joint Contact
Cars Couplers | &ir Brake | Track/Spline | Recorded Contral | Springs | Bearings

Control Mumber |1 | ofd Mew
Contral Data
Data to Control | Thrattle Position-Tractive Effart R
Time (0.0
Element Number |1
Yalue |0

Desefiption | The value controls the thrattle position of the locomotive
engine for traction. |t should be between O [zero
traction] to 8 [maximum braction).

Figure 3.21" Recorded Control'ab

ControlData: To create a vehicular control coc
button at the top right. Then specify what type of contoal would like by using

the Data to ControlDropdown Menu. The time that the control is applied to the

element must be entered into fhienebox. Element Numberefers to which

locomotive the control is being set for, wh&lement Numbet is the

locomotive with the lowest assign€ar Numberand 2 is the second lowest, etc.

Values for the selected control data may then be entered into the third data box.
Descriptions of the control will be displayed in thescriptiontext box which

contains the allowed values for each type of control.

3.1.6 Springs Tab

One of the most common vibration control elements is the linear spring. The ATTIF
interface allows the user to define springs to study railcar suspension systems by using
theSpiingsTab, Fig. 3.22



Simulation Parameters 30 window Settings Buzhing Fin Joint Contact
Cars Couplers | &ir Brake | Track/Spline | Recorded Contal | SPrings | Bearings

Spring Mumber |1 S af1 MNew

Body Indices
L 1
Companent |0 Component |1
Bodw | Data
Attachment Point Fielative to Body | TG |
w |60 v (0.0 Z |-1.624
Body J Data
Attachment Point Felative to BodyJ CG |
¥ |-B.0 v (0.0 Z |-1.624
Spring D ata
Spring Stiffress | 10000.0 Spring Damping | 10000.0
Undeformed Length |1.5 Force (0.0

Figure 3221 SpringsTab displaying default values for a newly created spring

Springs do not require much data to define and the process is similar to the
procedure to create couplers which was explained previously. Thesentdemie
not appear in the Graphics Window.

3.1.7 Bearings Tab

Another suspension/vibration reduction element that is available to the user is a bearing.
Bearings may be added in one direction between two baditse BearingsTab, Fig.
3.23 Theseslements will not appear in the Graphics Window.

Simulation Parameters 3D Window Settings | Buszhing || PinJoint | Contact
Carg Couplers | Air Brake | Track/Spline | Recorded Control | Springs | Bearings

Eearing Mumber |1 o ofl

Body Indices
Carl |1 Card 1
Component |0 Component |1
Body | Data
Attachment Point Relative to Body | CG
® |00 (0.0 Z |00
BodyJ Data
Attachment Point Relative to Body J CG
® |00 Y {00 Z |00
Bearing D ata
Bearing Stiffness (100000000.0 Bearing D'amping | 10000000

Figure 3231 BearingsTab



Bearing data is entered the same way as in the other Tabs. Always be sure to
check body dimensions in the Cars Tab to verify the locations of your suspension

elements.

3.1.8 Simulation Parameters Tab

The eighth tab of th®ata Panel is the&Simulation Parameter$ab, Fig. 3.24 This Tab
includes very important settings that the user must be sure to check to have a successful

simulation.

Cars Couplers || Air Brake || Track/Spline | Recorded Control | Springs | Bearings
Simulation Parameters | 30 window Settings | Bushing | PinJoint | Contact

Mumerical Settingz

Time Step [0.05
Simulation Start Time | 0.0 Simulation End Time | 10000.0
Relative Tolerance | 0.0001 Absolute Tolerance | 0.0001

Murmber of Paints ta Skip

Murnber of Points |5
[rata Updater

Update all

Update | &ll F2's Based On Gravitational Acceleration

Gravitational Acceleration |-3.80665

Data v
All Body Mumnbers

A1 Coord. of Attachment Points
Al Inital § Posiins of the Cars

Update | All Car Locations for Resistance

Figure 3.241 Simulation PaametersTab

Numerical Settings TheTime Stepf the simulation is defined as thesults

printing interval between each successive executiadnbfe s of t war ed s
mathematicahlgorithms This value will greatly affect the computitznal time of

the simulationand therefore must be adjusted accordingly. Sineulation Start
TimeandSimulation End Timenust also be entered in this section as well as the
RelativeToleranceandAbsolute Tolerancef the integratar

Number of Points to Skipg This section defines the number of time step points
that the Graphics Window will skip in order to speed up the graphics display.
Note that this does not affect computational accuracy.



Data Updater. The buttons in this section of ti&mulation ParanetersTab may
be used to update the existing data of various features of the model.

3.1.9 3D Window Settings Tab

The Graphics Window is eonvenientfeature for constructing and visually evaluating a
model. However, if the default settings are aptimal, then they may be changed in the
3D Window Setting$ab, Fig. 3.25The default settings will typically be enough for the
majority of simulations.

Cars Couplers | AirBrake | Track/Spline | Recorded Caontral | Springs | Bearings
Simulation Parameters | 30 “Window Sefttings | Bushing | PinJoint | Contact

Camera Settings
Yiew Angle [B0.0 Mawimum 2oorm Distance |150.0
Mear Clip Plane |1.0 Far Clip Plane | 700.0

Car Render Settings

Draw Bogies
Draw Wheelsets
Uze Simplified Shapes for Far Cars

[] Use Baody Calar far Trucks Defined as Components

Track Render Settingz
Front Render Distance | 400.0 Rear Render Distance | 200.0

Rails Nodes to Skip (4.0 Track Gage [56.5

Figure 3.251 3D Window Setting$ab

3.1.10 Bushing Tab

The third available vibration reducti@ement is the bushing. Bushings reduce friction
between bodies in threkmensionsand may be added to a model in BueshingTab,
Fig. 3.26



Carz || Couplers || Air Brake | Track+/Spline | Recorded Control | Springs || Bearings

Simulation Parameters 30 Window Settings Bushing | PinJaint | Contact
Bushing Mumber |1 S ofE T
Body Indices
Carl |1 Card 1

Cormponent |0

Companent |2

Body | Data
Attachment Point Relative to Body | CG
432 w00 Z |20
Body.J Data
Attachment Point Relative to BodyJ CG
100 Y1100 21|00
#2100 2100 22|01

Bushing Stiffness
K« |10000000.0
Kph | 1000000.0

Buzhing D'amping

Ky |10000000.0
Kth [1000000.0

Kz |10000000.0
Kps [1000000.0

Cw [100000.0 Cy | 100000.0 Cz |100000.0

Cph [ 100000.0 Cth | 100000.0 Cps | 100000.0
Bushing Preload Forces

Fx 0.0 Fp 0.0 Fz |00

Tph (0.0 Tth |0.0 Tps |00

Figure 3.261 BushingTab

Data for bushings are similar to the previously discussed suspension elentbriisewi
exception that bushings may be attached across multiple planes. The second,rpw of
andz coordinate boxes in tigody J Datasection allow the user to define a second point

onBodyjt h at

3.1.11 Pin dint Tab

t he

bushingds

center

S

aligned

A pin joint (also known as a revolute joint) is a two constrain a pair of bodies to one
degree of freedom about a single axis of rotation.HiheJointTab, Fig. 3.27allows the

user to employ this mechanical feature in a model. As with tishibg element, a pin
joint may be created in any direction from the first body to the second body by creating
lines with each row of attachment coordinates.

w



Cars Couplers | Air Brake | Track/Spline | Recorded Contral | Springs | Bearings
Simulstion Parameters | 30 Window Settings | Bushing | Pindoint | Contact

Piri Joint Nurmber |1 | ofl
Body Indices
Carl |1 Card 1
Component |0 Companent |1
Body | Data
Attachment Point Relative to Body | CGE
®1|0.0 Y100 21|00
¥®20.0 v'2 (0.0 Z2|0.0
Bady ) Data
Attachment Point Relative to Body J CG
100 1|00 Z1|00
®2 0.0 v2|0.0 Z2|0.0

Figure 3.271 Pin JointTab

3.1.12 Contact Tab

The last Tab of thdata Panel is theConta¢ Tab, Fig 3.28 This tab is essential in
creating models where there is whesl contact involved. A new contact must be
created for each wheel that the user wants to include contact for. This can become a
lengthy process for large, detailed modélst by using and familiarizing yourself with

this Tab it will become much easier to properly define all the necessary contact points
for your model.The Appendix contains an example input data file which includes wheel

rail elastic contact.



Bodies | Couplers | Air Brake | Track/Spline | Recorded Control | Springs | Bearings
Simulation Parameters | 3D \window Settings | Bushing | PinJoint | Contact

Contact Murnber |1 | of3
Contact Body Indices
Body| BodyJ
Body # 15 @& Rail
Component |1
Contact Parameters
ICMOD | Single Spline JCMOD | Single Spling »
ITWOC | Other » TOL |0.003
ICSPL |1 JCSPL |2
ICREP |1 ICTJF |2
Contact Profile
Surface Parameters
51 [wheel] | 0.050310636 52 [whesl) 0.0
51 (Raill] (300 52 [Rai) | 0.054073351
Coordinate of “Wheel Profile Frame arigin
® 0.0 Y |0.738 Z |00
Coordinate of R ail Profile Frame origin
# 0.0 Yo|-0.755 Z |00
Distance of Wheel Center From Center of Wheel Set
D |-0.6343

Contact Creepage
ICRY | Creepage Force Friction Cosef. (0.5

E [wheel) | 21000000000 E [Rail) | 21000000000
G [wheel) | 80000000000, G (Rail] | 80000000000,
P Pwheel] 0.3 F(Rail 0.3
RR [whesl) 0.0 RF (Rai) | 0.0
AT [wheel) |0.0 RT (Rai) |0.0
Flang Fric. Coef. |0.5 Psi [1.5708

Figure 3.281 ContactTab

Contact Body IndicesAf t er creating a new contact
button, theBody NumbeandComponent Numbaeaf the element to be in contact
with the rail must be entered in the appropriate data box.

Contact Parameters ICMOD and JCMODOndicate the method that will be used
to define the profile of Wheel/Rail respectively andtfacurrent version the
Spline is the only choicédCSPL and JCSPEkpecified the Spline function number
that will be ugd by Wheel/Rail rgpectively. ICRERs flag used to define the
creep force model.

Contact Profile: S1(WheellandS2(Wheel)are initial value of lateral and angular
wheelsurface parameters. S1(Rail) ®{Rail) are initial value of longitudinal
and lateral rail grface parameter®&X(Wheel) RY(Wheel) and RZ(WheeBre
thex, y, zposition of the origin of the surface coordinate system on the wheel
with respect to the body coordinate system. RX(Rail), RY(Rail) and RZ(#&uail)
the X, y, zposition of theorigin of the surface coordinate system on the rail WRT
the body coordinate systeheel centeis the lateral distance of the wheel
center to the wheelset center of gravity.



Contact Creepage ICRV is the creep force model wdhi the user can refé in

the ICREP EWheelRail, GWheelRail andPWheelRail are the elastic modulus,
shear modulus and Poisson ratio of the Wheel/Rail respectiraig.the angle
between the normal planes that contain the 1/RRW (principle rolling radius of the
wheel) and 1/RRR (principlrolling radius of the rail}lang.Fric. Coef. is the
coefficient of friction of the flange contact.



4. Model Examples

This chapter will reinforce the material of the previous chapters througtbgtsgy examples

of how to best use the interface to create, simulate, and analyze an ATTIF Fodd&ing an
example while simultaneously using ATTIF to create the example will be valuable in
familiarizing yourself with the software.

4.1 Example #15 car onsist of 1Body vehicles

This example gives a brief introduction to the most common features of ATTIF. The model
created will be very simple, but this example is a good start to learn how to utilize the
application. Follow along with the subsequent stegsuild, simulate and analyze a 5 car consist

of 1-Body rail vehicles.

Step 1 Open ATTIF by running the ATTIF.exe file on your computer. Upon opening
the main ATTIF window will be displayed.

ATTIE [BEIE
e Vew Dota Sinultion  Resuls  Heb

Dats Tab | Cortiol Tab | Results Tab I

Ready o e

Fig. 4.17 Main ATTIF Window

Step 2 To begin building thenodel we must first create a new file for the data to be
written to. Do this by selectinigewfrom theFile Dropdown Menuor by clicking on the
Create New File Buttofrom the toolbar. After you do this, some of the data buttons in

the Data Entry Pahevill no longer be grayed out, and any entered data will be written to
the new file you have created. Note that the file is automatically named Attifmodel.dat as



New EilE Birtian

Fle  ER  Vew Data Smustion Resks  Heb

T > 0L SR0OMA

[ Nees | Dota ] Conwal | Ress | = a0 stuation: [ 10T status: DataErry Time (s): 00

Componert o0

Smudston Parameters | 30 Window Setirgs | Bushing | PiJort | Contact
Caes | Couplers | AaBrake | Track/Spine | Recordad Control | Sprngs | Bearngs

Fig 4.21 Create New File Button

Step 3To create the first car of the model cliok theNew 1-Body Car buttonn the
CarsTab of the Data Entry Panel. A box car should now appear in the Graphics Window
and its default data will occupy the data boxes of the opened Tab. The image below
shows the results of this stefphis body of ths first car starts at the origin which is the
intersection of the two white lines in the Graphics window. This is the position we wish
for it to be in, so we will not make any changes to its default data. Also, note from the
Degrees of FreedorBubTab hat the model is constrained to the S direction Sge

4.4).

New 1-Body Car Button

AttifModel.dat - ATTIF
Flo Edt Vew Data Sewlstion Resks Hebp

T SEMMA C =
mm Cu ; z :; SIMULATION: >'J"j Status: OstaErtry  Time () 0.0 Position{m): 6.00 Velocity(m/s): 0.00

Smudston Pasameters | 30 Window Setings | Bushing | PinJort | Contact
Cat | Couplers | ArBrake | Track/Spine | Recorded Contiel | Spengs | Beamngs

T S ] et (e
New 380dy Cor [ Add New Body as Component

[2] Move Companerts with Msin Sody
BoxCar | [] Add Componart As Indepentent Body

Locomotive Engne/Biake | Advwson | Wheels & Ades | Biake | Giaphes
Body Degrees o Fieedom Resitance
Body Infeematcn
CarNum 1

Body Num in DataFide 1| Deserption [Box Car- Main Body

Mozt and Inertia Iritil Posiions

Mass 500000

bex 1000000 | 1y [00 60 Rl (00
lyy 6500000 | Iyz |00 ¥ 00 Yaw 00
122 (6000000 | Iz« 00 z25 Pich 00
g Vekocen: Constant Load:
slao Rot [00 %[00 Ral (00
v|oo Yow |00 v 00 Yow 00
zj0o Fitch |00 430325 Pich 00

Fig 4.31 New 1-Body Car Button



Fig 4.47 Degrees of Freedom Sutab

Step 4 To create another car click thew tBody Carbutton. A second-Body box car

with default parametsrwill now be written to the data file. Note that the Graphics
Window will still show only one box car. This is because the second car is in the exact
same position as the first car we made. We will relocate it in the next step. Also note the
Feature Section Boxes, the number 2 should now be displayed next to Car. Remember
that the arrows can be used to move between Cars and components to eHigdata.
below shows this step and references the Feature Selection Boxes.

Fig 4.51 Feature Seleain Boxes



