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~zvi. |1 TCand TTCI: Two Different Things
TTCI: The Company
A Small Business Enterprise

TTC: 50 square mile
railroad test faC|I|ty

U.S. Department of Transpor’rohon
Federal Railroad Administration

¢

*¢ o6 o0

Wholly owned subsidiary of the
Association of American Railroads

Headquartered at TTC

Operated by an on-site
management team

Guided by an independent Board of
Directors

Operates TTC under contract to
FRA

.

== |

maol.
Transportation

Technology Center, Inc.
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~_Z<i  TTCI Vision Translated into Action

*AAR Strategic Research Program

Research *Federal Railroad Administration Task Orders

*North American railroads
Testing & *Suppliers
Consu|tancy *Other government programs
*Global rail industry — both freight and passenger

*AAR committee support

*North American rail industry suggested practices
«Compliance monitoring

sIndustry data systems

Standards

*Rail industry familiarization
*Hazardous material emergency response

© TTCI/AAR, 2015. p3 @
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g Who / What i1s the AAR?

ASSOCIATION of AMERICAN RAILROADS

¢ Trade association of all the North American railroads
iIncluding Mexico and Canada
e Mostly focused on freight

¢ Has origins dating to early 1900s

¢ Sets performance standards and requirements for
Interchange of cars equipment between member
railroads

e Many of the these standards form the basis of standards
used in other countries

¢ Funds strategic research for the railroads
¢ Represents railroad interests to the government

© TTCI/AAR, 2015. p4 @



\/M{His;ryif Transportation Technology

Center (TTC)
¢ Formally dedicated as High Speed Ground Test Center - May 17, 1971

¢ Developed and operated by Federal Railroad Administration (FRA)
and Urban Mass Transit Administration (UMTA), now Federal Transit
Administration (FTA)

¢ AAR assumed care,
custody, & control at
TTC — October 1982

¢ AAR Research & Test
Dept. consolidated at
TTC - 1995-97

¢ TTCl formed January 1,
1998

© TTCI/AAR, 2015. p5 @



ol TTCI Software Overview

¢ TTCI offers a wide range of software and hardware-

software combination products that accurately model
and analyze rail vehicles, components, structures, and
systems:

e VVehicle-track dynamic interaction

e Train operation

e Train energy consumption

e Real-time analysis of wheel-rail contact conditions

e Performance Based Track Geometry analysis

¢ Overview provides insight into TTCI's software
expertise and available products and services by market

© TTCI/AAR, 2015. p6 @



~ =i TTCI software for simulating and
analyzing the railway environment

Tie Coskrn Toon It
|l el mick|=] 7]

¢ Vehicle/Track Dynamic [ sy
Interaction

eNUCARS®

¢ Wheel/Rail Contact

Analyses
¢\WRCONT™
e WRTOL™
os\WWRCIS™
¢ Train Simulators
e TOES™
eSTARCO™

¢ Data Collection and &
Analysis

eMULTIVU™

dmmnn o ares, MU 5 ol #F [T smre i [~ @
#5tart] 15 4 Mircsolt OF. ~] #2012 MUCARS || 592012 MUCARS . | Bl MUCARS® - Co.. [ Multivu Inter.... | = (@88 12:24PM




g \\/\\WW.TTCI. AAR.COM/NUCARS

Multi-body Vehicle/Track Dynamic Interaction Simulation

¢ Simulates the dynamic response of railroad vehicles to specified
track conditions

¢ Under continuous development at TTCI since 1986
¢ Available under license from TTCI since 1989
e Licensees include North American railroads and car builders,

locomotive builders, component manufacturers, as well as
overseas railways, car builders, and track suppliers.

¢ On-line calculation of W/R contact using Kalker’s non-linear theory
e Multiple overlapping contact points

e Nearly any combination of worn wheel and rail profiles,
iIncluding guard rails, and back of flange contact

e Rail profile may change along the track

¢ Optional multi-body representation of track structure including
rails, fasteners, sleepers, ballast, slabs, bridges

e Simulation of failed components and changes in structure
along the track

¢ Extensive validation with test data

¢ Benchmarked against other codes such as VAMPIRE®, VOCO,
SIMPACK @




ZZCi NUCARS® Applications

¢ Analyses of vehicle/track dynamic interaction

e Development of new vehicles and track components

e Vehicle certification

e Analysis of performance problems
¢ Derailment analysis and investigation of derailment mechanisms
¢ Parametric studies

¢ Evaluation of specific vehicle and track design details and
defects

¢ Evaluation of wheel/rail profiles
e Wear and RCF
e Switches and crossings
e Design optimization
¢ Operational and environmental conditions
e Vehicle Ride Quality
e Wheel-Rail Lubrication Studies

e Dynamic Clearance Envelope Calculations
¢ Tool for learning details of vehicle/track interaction

© TTCI/AAR, 2015. p9 @



i NUCARS® Capabilities

¢ Time or Frequency Domain Models

¢ Full Nonlinear Wheel on Rail Contact Calculations
e Multi-point contact, flange back contact, independently rotating
wheels, variable W/R friction per wheel and along track
¢ Simulate Any Rail Vehicle: Freight, Locomotive, Passenger

¢ Numerous connection types: Friction wedges, stick—slip
friction, series and parallel springs and dampers, active
suspension

¢ Simulate All Types of Track
e Tangent & Curves
e Turnouts and special trackwork
e Track Irregularities
e Measured track geometry
e Track structure and flexibilities

© TTCI/AAR, 2015. p10 @



ﬁ” NUCARS®validation: Articulated LRV
with independent rolling wheels
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eavy Duty Flat Car with eight 3-axle
trucks

% PREVU -0 x|
File Options Tools Help

=8| Rlo|w|ElE o] 7
[+ alalala|e|| @|g|n] 2| Tor| enalsie| 50

Each Bogie has 4
sets of friction

-~ Height of

. Friction
Wedge
Above
Truck
Bolster

Filenarme; DHT_2_Cars_\5.5YS Title: |DHT Reactor (45-C-13)with Buckeye 3-axle Trucks 38'6", 05/05,/03 A

© TTCI/AAR, 2015. p12 @



ﬁ Track Structure Modeling in NUCARS®
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~“z7=i NUCARS Does...

Switches, Crossings and Track Structure

Turnout Frogs and
Geometry Guard Rails

© TTCI/AAR, 2015. p14 @



=i NUCARS® Peripheral Products

A Comprehensive Suite
of Applications



=or TOES™ and STARCO™

Typical TOES™ Applications

« Accident or incident investigation

‘ Tral n Operatlons and + Stopping distance investigations

« Coupler force monitoring

En erg y SI m u | ato r + Prediction of vehicle longitudinal accelerations

« Evaluation of train make-up strategies

(TO ES TM) - Evaluation of train handling studies

« Comparison of new track layouts

+ Prediction of car fatigue damage

‘ State Of the art traln aCtlon + Evaluation of new equipment

+ Reduced slack coupler

m O d el d evel O p ed fo r an d « MNew end-of-car cushioning unit standard

« Benefits of ECP brakes

licensed to AAR-member

+ Placement of autoracks

ral | ro ad S + Blocking and power placement

¢ Models the interaction of
train air-brake and ECP-

brake systems, intercar = ===
= =

coupling behavior,
characteristics, and train i A ===

| Dist: 5735.800
f s

resistance forces J B N T
¢ Limited edition available e

to international audiences W _
as STARCO™ T | E—

e
R, 2015. p16 @




Additional TTCI Software

i Suite Products
¢ Train Energy Model (TEM™)

e Analyzes fuel consumption affected by train resistance and train
handling technigues

e Determines effect of varying
a Train makeup
A Truck type
a Track conditions
A Speed limits
e Not in active development

¢ Wheel-Rail Contact Inspection System (WRCIS™)

e On-board rail profile measurement and wheel-rail contact condition
assessment (such as from track geometry car data)

e Measured profile pair analyzed against historical records to predict
likely performance trends of vehicles as influenced by measured
wheel-rail profiles

A Uses embedded version of WRTOL™
e System enhancements expected in late 2015

© TTCI/AAR, 2015. p17 @



e Additional TTCI Software Suite

Products
¢ Wheel-Rail Tolerance (WRTOL™)

e Assesses wheel-rail contact parameters to predict vehicle
performance

e Wheel-rail wear
e Rolling contact fatigue

e Analyze contact geometries of many wheelsets against a
measured pair of rails, or many pairs of rail against a single

wheelset
e Development planned in 2015

D et

© TTCI/AAR, 2015. p18 @



~vi.  PERFORMANCE BASED TRACK
GEOMETRY PBTG™

¢ Improve and optimize track geometry maintenance
¢ Reduce track geometry caused derailments

¢ Uses Neural Networks to:

e [dentify locations in track where combined effects of measured
track geometry, operating speed and vehicle characteristics
that may cause poor vehicle performance

e Assigns track quality indices for the identified locations
e [dentify track maintenance corrective actions for each location
to improve vehicle performance
¢ Customized tool installed on a Railroad’s track
geometry measurement car

e Neural Networks developed for vehicles that are most sensitive
to track geometry

e Neural Networks trained using track geometry and venhicle
performance data collected on the railroad @



Additional TTCI Software
Suite Products

gy
:1 k.

¢ Rail Track Lifecycle Maintenance (RTLM™)

e Track component deterioration calculations and economic
calculations for track maintenance

e Track and traffic information maintained for any scale of interest

aAll the lines owned by a Class | railroad, down to a fictitious
single mile of track created for experimental purposes

e Automated execution of any number of the models across a
selected track, with result roll-up

© TTCI/AAR, 2015. p20 @



zZvi. NUCARS Recent Developments

¢ Double Rail Model: Simulation of switch points that can
move relative to stock rails

¢ FEA Modal Input: Input of flexible mode shapes from FEA
models

¢ Different Kalker saturation curve on each contact point
¢ Ongoing improvement of W/R Penetration Model

¢ Ongoing improvement to MULTIVU data analysis
package
¢SO 2631 (1997) ride quality including 2001 updates

¢ Ongoing improvement to TRACKVU and CFIT-WRCON
preprocessors



~zZvi. NUCARS Future Developments

¢ Integrated User Interface
e Beta version planned for early 2016

¢ Improved curve fitting of complex rail profile shapes in
switches and crossings
e Expected for early 2016

¢ Integrated Air Spring Models

e Directly specify air spring parameters instead of building air
spring model out of individual connection elements

¢ Improved along Track Rail Profile Variation in W/R
Penetration Model

¢ User definable W/R creep curves

© TTCI/AAR, 2015. p22 @
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NUCARS® New Developments
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—~zvi. Future Ul Enhancements & Features

e Cluster/Cloud Services
 Enhanced Licensing Structure
 Real-time Evaluation

 Mobile Access

 Enhanced Parametric Variation
 Monte Carlo Simulations

IEE———.

P



=i  NUCARS® Peripheral Products

NUCARS®
\
[, T T T T T T T - 1
f
fGFfT‘WRGONW; f TrackVu™ / ! SpringVu™ { ! Multivu ™ ‘ PREVU™ | ! CARVU™ i ! NUEIGEN™ || EPRC{;‘Q&’L‘TOR? E PARAMYU™ \

¢ CFIT-WRCON™

e Prepares measured wheel and rail profile shapes for input to
NUCARS®; batch processing of multiple wheel and rail profiles

available
i Zaoom Distance Lateral Shift Wheel FEeEPTT TR ——————
T j J ﬂ M Tatal| Wert | _Lat mm Fal  [CACFITwoni_display’1 36101 20.fit Exit
' Lo e | WNT - [CACFIT Sk diplayunk-win3 wWNT '

" J/

o ‘ N~ |
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~_s=i  NUCARS® Peripheral Products

NUCARS®

T T T T T T - T 1

il SpringVu™ ! Multivu™ ' ’ PREVU™ ‘ CARVU™ ~ NUEIGEN™ prg‘;g‘é‘;lm L\ Paremvu™

’ TraC kvu ™ Ie Modify Took Analysis Export Help

Track Geomstry Data FAST_gecs-258 i

[3] SUPER_EL_FILT (n)
og [~ —]

e Previews E i
analyzes, and {4 N S YO

[6] LEFT_LATERAL (n)

prepares ‘B i
measured track ]

60 480 Laui G620 G40 G0 G20 700 70

[7] LEFT VERTICAL ()

geometry for input oF -
to NUCARS ]

60 4280 G00 G20 &40 G50 G20 700 T0

[8] RIGHT_LATERAL {in)

*| 546.083313 v| -0.0170333
~r : o
ig Start €2 iTunes ® training

NOT
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i NUCARS® Peripheral Products

¥ [ ] ] LI L] L L} L} L}
/WRCC%E,M/ /Trackvum} [Spring\/u“‘] [ Multivu ™ ] [' PREVU™ } { CARVU™ X &NUE!GEN‘MX lprg;fg;,mx &Parem\fu“"-\

1 Z5 springVu = ==
¢ SpringvVu™

. Mumber of Effective Springs |—45
e Calculates input 8

data for standard R I ) e

- 2 e O
North American 3- & P —
p I ece traCk fre I g ht Control Type {F NoLoad (Constant] © Load [Variabls Damping)

Contral Quter ’W‘ m
Contral Inner ’W‘ m
4 ain Coil Pattern |3.1 ) j
Load per Mest ’w PENRES
‘wedge Rize ,m inches &+ English Input
" Metric

Wedae Mu ’w
‘wedge Angle ,w demem

Calculate Pl [T Metric Output
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=i  NUCARS® Peripheral Products

r T T T 1 T T T - 1
WRCC{:(;DT.-'—\}'M { TrackVu™ ’ ! SpringVu™ i ! Multivu™ , [ PREVU™ ! CARVU™ ~ ! NUEIGEN™ \ ? prg‘;g‘g‘a‘m '\ E ParemVu™ \

¢ Multivu™ i —

e A very powerful data analysis package ——~ ] I T el ]
for the analysis and plotting of o TEEEN il ifH W‘ ijﬁw i
NUCARS ® output, including time ] ', nonmon A wos—— | U B
domain and frequency domain oy \| }l MR ALY S . Wiy R
analysis, digital filtering, ride quality, (YT RN :
. . . Z8000 1 | | | |
statistics, and conversion to otherdata "+ e
formats- LIF-Vert Force LIt Wh Axle 2 li‘.uni::f_ !..[F-'.'--rl Force Ryt Wh Acle 2 (Pounds)

e Most functions are also available for
batch processing.

e Output data channels can also be
combined and manipulated using a
variety of mathematical functions.

e MultiVu™ also accepts ASCII input
from other data sources, such as test
data.
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NUCARS® Peripheral Products

NUCARS®

L i L] ~ 1 __ 1

AR TrackVu™ SpringVu™ MultiVu™ PREVU™ CARVU™ NUEIGEN™ Track \ | Paremvu™

¢ PREVU™
e Preprocessor

for viewing
NUCARS®
system files
and checking
their validity

Propagator

3
File Qptions Took  Help
e i
=[] Sl Ridic] 27|
Connection Report View Connacion Fispor |
Connecon List Corrschon nlgrmeticn
LA, Co s ction's: * T Hami: Couplor o Gmd
2 - Coupler to Gmd v Bo
s ommnind. B Body 1 [ 1-Fullbian Body day2 ]| 0~ Groerd
1011 -Ld CEBILGYLL e
|-J!2-LdmalthLL DOF: [TT-Longnaginel | Chard: [1 . Floiwigs) |
1021-Ld CBI LG LR —— -
w??-lnc‘mnlgxm Type: [ 1 | Parabel Sprngamper
1031 - Lt CE-LE< Fr v z
1032 - Lo CB-81 LI Fe Gl Position; | 6,000 000 EIE]
1047 - Led CB-81 L Tr sl Portivy 200 R0 H00
1042 - L CBBILIK Tr i wion: [ 36000 | 00000
AT Rulative Position: [ 38000 | 0000 31500
1052~ Ld CBEIWY F
105 3+ Ld CBSIVYY F
1061 - Ld CE-BIWY B Body infomedon
105.2-Ld CB9IVYY B _
105.3-Ld CBBIVYY B & [ 1 Name: [ Ful Man Body Mnss: 1]
107 1 - Lot CE-8 WYL
107 2= Lt CB-HKL * ¥ Z
107 3+ Lk CE-EIL G Pusition: 2w [ 0w [ mm
) == Foll Pitch Yow
e Qpbems look ey Intin: OR3E«03 [ GugE«dr [ D07Ew08
6| Blelp Eldio] 7] < ¥ & Ron Pach yaw
= g - DOF PR P e
+a afalafo|s| #|B|n|2| Top ers|soe 50 2

Tatle  [Leaded 10T Hopgper Car s/ Risbes Siche Beasings, NUCARS 2001, Rev. 011911 N
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_zz<i NUCARS® Peripheral Products

\'--

Track
| |, Bropagator

¢+ CARVU™

e Animation of
NUCARS® and
NUEIGEN
output,
including
visualization of
wheel and rall
forces and
body motions

T7T10.008
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i NUCARS® Peripheral Products

NUCARS®

r T T T 1 T T - 1
f Tl / { TrackVu™ } !Spring‘v’u““ ; ! Multivu™ ' [ PREVU™ ! CARVU™ ~ iNUElGENWF prg‘;:g‘;mr EParem\J‘u“’- \

Run file ((RUN) for NUEIGEMN T

& NUEIGEN ™ RUN TITLE N

e Eigen-value solution S L
for linearized systems ICONTACT PARANETERS

I No. of Wheelsets

Including lateral Wheeise Lat DOFs

I . 44 49 54 59
Stablllty (huntlng) | Wheelset Yaw DOFs
47 52 57 62
I Half Gage Rail Head Radius Wheel Radius Conicity Friction
29.0 10.0 18.0 0.05 06

WELOCITIES
I'No. of Velocities
21
I Velocities
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

\CONTROL CONSTANTS
I Eigen Output Modal Output
1 1

\MODAL OQUTPUT
I Number of Modes, followed by Mode Numbers & Amplitudes
8
21 22 23 24 25 26 27 28
10. 10. 10. 10. 10. 100 10. 10
I Frequency(Hz) Qutput Step(sec) Maximum Time(sec)
0.25 0.01 20.0

© TTCI/AAR, 2015. p32 @



A\w
\ |
\

7<i  NUCARS® Peripheral Products

NUCARS®

T T T T 1 T T - 1
Tl { TrackVu™ } !Spring\fu““ i ! Multivu™ ' [ PREVU™ ! CARVU™ ~ iNUElGEN““\} prg";g‘;tor EParem\m“‘ \

¢ Track Propagator

e For generating the track portion of NUCARS SYS files to
represent flexible track structures for use with the NUCARS
flexible track modeling capability

NUCARS® - Control Panel
Tools  Setup  Help

HUCARAS U puiv
Integration Engine D ata Analysiz

ricense Expires: January 31, 2010 |

ramiu
ramneter Y ariation

PREWU
Input Data Previewer

View License Check For Updates |

Springtu SYSMOD Copyright AR @1989-2000, TTC| @2000-2009
Spring Nest Generator 55 File Modifier Portions Copyright €Lshey Inc. and ISS Ltd. (UK)

% [
e P TTCI Help Desk
Trackvu - Carvl

Track Pre-Pracessar Output Animatar Phone: 1-800-265-3184
- Etnail: nucarsEittcl aar.com |

CFIT/AWRCON |:?»
a

‘wheelR ail Input
Generator

g o MUEIGEN hittp: dfarmewy Hei aar.cominucars |
8 Eigen Analysiz Engine

=)
o
e

MUCARS® is 3 registerad trademark of the Transportstion

- e Technalogy Carter, Inc )
rack Propagator Compact Panel ‘ilfaming: this computer program is protected by copyright 2w

Track System Fils Maker Unauthorized reproduction or distibution of this program, or any portion of it,
may rsult in swere civil and criminal peraities, and wil b prozecuted o the
maximum extert possible under the law

RS NTERD TN S
February 10, 2009

TRANSPORTATION TECHNGLO!
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i NUCARS® Peripheral Products

NUCARS®

ER

14 LJ

1

| | | | 1
CFIT- TrackVu™ SpringVu™ Multivu™ PREVU™ CARVU™ NUEIGEN™
WRCON ™ pringVu ultiviu

Track

Propagator

\ X Paremiyu™ \

¢ ParamvVu™

e Allow easy
generation of many
NUCARS input data
files (SYS, RUN,
ETC) with varied
Inputs for parameter
variation simulations

Mumber of ariations

E

Create Warned Files

Base Filename: |E:"\P'r|:ugram Files\MCARSYzampletParametnch aration examg

Project Filename: |

Wariation 1 l Wariation 2 |

Drezcription

Curve

Mumber of Changes

F

Mumber of Aszocations ID_

l

et Teut
]
Filename String | Replacement Walues
curyedd_ Qo
curvels_ 05
curvell_ 10
curvel3d_ 13
curvel?_ 17
curvesd 24
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