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Unique Facility with Worldwide ExperienceUnique Facility with Worldwide Experience
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Roles & CapabilitiesRoles & Capabilities
RolesRoles

SafetySafety
ReliabilityReliability
EfficiencyEfficiency
Independent AssessmentIndependent Assessment

CapabilitiesCapabilities
Traditional R,D & TTraditional R,D & T
Rail SecurityRail Security
Emergency Response TrainingEmergency Response Training

Passenger TrainingPassenger Training
Technology DevelopmentTechnology Development
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The The 
Transportation Transportation 
Technology Technology 
CenterCenter
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Engineered Facilities for Dynamic TestingEngineered Facilities for Dynamic Testing
High Tonnage Loop High Tonnage Loop 
(HTL)(HTL)
• 2.7-mile loop, three 5° curves, one

6 ° curve
• Main use – HAL studies
• Test bed for various premium

track components
• 25 MGT/month in controlled

environment

Railroad Test Track Railroad Test Track 
(RTT)(RTT)
• 13.5-mile loop
• 1°-15’ curve and four 50’ curves
• Main use – HAL studies
• Maximum speed 165 mph
• 12.5-, 25-, and 50-kV overhead

catenary

Wheel/Rail Mechanism 
Track (WRM)
• 7.5°, 10°, and 12° curving 

performance tests
• Dynamic curving tests
• Lubrication studies

Wheel/Rail Mechanism Wheel/Rail Mechanism 
Track (WRM)Track (WRM)
• 7.5°, 10°, and 12° curving 

performance tests
• Dynamic curving tests
• Lubrication studies

Transit Test Track 
(TTT)
• 9.1-mile loop
• 80 mph max speed
• DC electrified third rail

•Up to 1150 volts
•Up to 12,000 amps

Transit Test Track Transit Test Track 
(TTT)(TTT)
• 9.1-mile loop
• 80 mph max speed
• DC electrified third rail

•Up to 1150 volts
•Up to 12,000 amps

Precision Test 
Track (PTT)
Multi-use track for railcar testing
•Pitch and bounce
•Twist and roll
•Yaw and sway
•Car impact
•Miscellaneous studies

Precision Test Precision Test 
Track (PTT)Track (PTT)
Multi-use track for railcar testing
•Pitch and bounce
•Twist and roll
•Yaw and sway
•Car impact
•Miscellaneous studies
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FullFull--Scale Laboratory TestingScale Laboratory Testing

Auto Rack on VTUAuto Rack on VTU

Vibration testing Vibration testing 
Used for characterizing rail vehicle suspensions Used for characterizing rail vehicle suspensions 
and componentsand components
VTU is also used to improve lading restraint systems  VTU is also used to improve lading restraint systems  
This will:This will:

Reduce lading Reduce lading 
damage problems damage problems 
in revenue servicein revenue service

Boxcar on VTUBoxcar on VTU
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Wheel Profile Technology Used to Identify Hollow / Wheel Profile Technology Used to Identify Hollow / 
Thin Flange WheelsThin Flange Wheels

Sensor box with view 
of high speed cameras 

and lasers 

Impact load detectors are widely used to identify 
and remove wheels with surface defects.

TTC Testing of Impact Load Detectors Electronic Equipment
1.5 x 5 in.  Shell, 106 k
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Standards Development & CertificationStandards Development & Certification

What are the elements of technical standards?What are the elements of technical standards?
AAR technical committeesAAR technical committees
Industry quality programsIndustry quality programs
Rules and standards policingRules and standards policing
Certification testingCertification testing
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Railcar Safety CriteriaRailcar Safety Criteria
What are the goals of railcar safety standards ?What are the goals of railcar safety standards ?

Provide an unbiased and consistent method to evaluate proposed Provide an unbiased and consistent method to evaluate proposed 
designsdesigns
Publish evaluation regimes and success criteriaPublish evaluation regimes and success criteria
Shorten the time to introduce new productsShorten the time to introduce new products
Improve the efficiency & reliability of the fleetImprove the efficiency & reliability of the fleet

These tests & criteriaThese tests & criteria
Used in derailment studiesUsed in derailment studies
Used in product developmentUsed in product development
Focus on past problem areasFocus on past problem areas

Freight railroad safety standards are established by Freight railroad safety standards are established by 
committeecommittee

Equipment Engineering Committee (EEC)Equipment Engineering Committee (EEC)
Certification must be through this groupCertification must be through this group
Action can only be at direction of EECAction can only be at direction of EEC
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Railcar Safety CriteriaRailcar Safety Criteria
Freight Car Safety Standards now in effectFreight Car Safety Standards now in effect

Chapter XI Chapter XI ––
Vehicle dynamics and derailmentVehicle dynamics and derailment
Theoretical analyses and testsTheoretical analyses and tests

M965 M965 –– 100 ton (263,000 pound) trucks only100 ton (263,000 pound) trucks only
Originally for supplemental snubbing devicesOriginally for supplemental snubbing devices

S286/M976 for 268,000 S286/M976 for 268,000 –– 286,000 pound cars286,000 pound cars

Chapter VIII Chapter VIII –– intermodal carsintermodal cars

S2043 S2043 –– Safety performance specifications for Safety performance specifications for 
trains carrying High Level Radioactive Material  trains carrying High Level Radioactive Material  
Chapter XI and SChapter XI and S--2043 based on extensive 2043 based on extensive 
practical test and analysis experience at TTCIpractical test and analysis experience at TTCI
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Safety Performance SpecificationsSafety Performance Specifications
AAR Manual of Specifications and Recommended AAR Manual of Specifications and Recommended 
PracticesPractices

Design specifications for freight carsDesign specifications for freight cars
Chapter XI safety performance specifications Chapter XI safety performance specifications 

Vehicle dynamics and derailmentVehicle dynamics and derailment
Theoretical analyses and testsTheoretical analyses and tests

SS--2043 safety performance specifications for 2043 safety performance specifications for 
trains carrying High Level Radioactive Material trains carrying High Level Radioactive Material 

More comprehensive and rigorous than More comprehensive and rigorous than 
Chapter XIChapter XI
Extensive theoretical analysis required before Extensive theoretical analysis required before 
construction and test of prototype vehicles construction and test of prototype vehicles 

Chapter XI and SChapter XI and S--2043 based on extensive 2043 based on extensive 
practical test and analysis experience at TTCIpractical test and analysis experience at TTCI
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SS--2043 2043 -- Performance Standard for Trains Performance Standard for Trains 
Used to Haul High Level Radioactive Material Used to Haul High Level Radioactive Material 

(HLRM)(HLRM)

4- or 6-Axle Locomotives with ECP Brakes Ballasted Buffer Car

Ballasted Buffer Car

Cask cars weighing 425,000 each, including cask and cradle

Escort Car for Monitoring & Security
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SS--2043 Goals2043 Goals

Optimize train performance & reliabilityOptimize train performance & reliability

Speeds to 50 mph (Speeds to 50 mph (analysedanalysed & tested to 70 mph)& tested to 70 mph)
Excite rigid body modes Excite rigid body modes 

Method to handle unknown track conditionsMethod to handle unknown track conditions
Car to car interaction includedCar to car interaction included
ECP brakes requiredECP brakes required
Onboard monitoring for every carOnboard monitoring for every car
Crew onboard dedicated trainCrew onboard dedicated train
Buffer car between waste and peopleBuffer car between waste and people
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ApplicationApplication

Applies to all rail equipment operating in HLRM Applies to all rail equipment operating in HLRM 
trains except locomotivestrains except locomotives

Standard Became Effective 9/1/00Standard Became Effective 9/1/00
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Anticipated Car TypesAnticipated Car Types

Cask CarCask Car

Buffer Car to Separate Cask Car from Occupied Buffer Car to Separate Cask Car from Occupied 
VehiclesVehicles

Passenger Car for Security Personnel and Passenger Car for Security Personnel and 
Monitoring SystemsMonitoring Systems
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Design RequirementsDesign Requirements

StructuralStructural
Stress analysis preformed by FEAStress analysis preformed by FEA
Standard AAR freight car load casesStandard AAR freight car load cases
Additional crashworthiness requirementsAdditional crashworthiness requirements
Fatigue life analysisFatigue life analysis

NonNon--Structural Static TestsStructural Static Tests
Truck twist equalizationTruck twist equalization
Car body twist equalizationCar body twist equalization
Truck warp restraintTruck warp restraint
Static curve stabilityStatic curve stability
Curve negotiationCurve negotiation

Dynamic AnalysisDynamic Analysis
Approved dynamic modeling softwareApproved dynamic modeling software
Primarily Chapter XI track simulationsPrimarily Chapter XI track simulations
Criteria more conservative than Chapter XICriteria more conservative than Chapter XI
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Design Requirements, ContinuedDesign Requirements, Continued
NonNon--Chapter XI Dynamic AnalysisChapter XI Dynamic Analysis

Perturbation wavelengths at truck centersPerturbation wavelengths at truck centers
Single bump on tangent and curveSingle bump on tangent and curve
Curving with various lubrication combinationsCurving with various lubrication combinations
Turnouts and crossoversTurnouts and crossovers
Ride qualityRide quality
Buff and draft curvingBuff and draft curving
Braking effect of curvingBraking effect of curving
Worn component simulationsWorn component simulations

Brake System DesignBrake System Design
ECP required for higher braking rates for dedicated trainsECP required for higher braking rates for dedicated trains
Communication for train health monitoringCommunication for train health monitoring
Brake shoe force variation limited to 8%Brake shoe force variation limited to 8%
Jerk rates limited for crew protectionJerk rates limited for crew protection

System Safety MonitoringSystem Safety Monitoring
Real time monitoring for derailment preventionReal time monitoring for derailment prevention
Remote monitoring to prevent performance degradationRemote monitoring to prevent performance degradation
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Single Car Test RequirementsSingle Car Test Requirements
Vehicle CharacterizationVehicle Characterization

Tests designed to verify that components performance matches Tests designed to verify that components performance matches 
manufacturer specificationsmanufacturer specifications
Results aid designer in estimating performance that cannot be eaResults aid designer in estimating performance that cannot be easily sily 
testedtested

NonNon--Structural Static TestsStructural Static Tests
Truck twist equalizationTruck twist equalization
Car body twist equalizationCar body twist equalization
Truck warp restraintTruck warp restraint
Static curve stabilityStatic curve stability
Horizontal curve negotiationHorizontal curve negotiation

Static Brake TestsStatic Brake Tests
Force measurements per SForce measurements per S--401401
Single car air testSingle car air test
Electronically Controlled Pneumatic design complianceElectronically Controlled Pneumatic design compliance

Structural TestsStructural Tests
Strain gages for critical areas and FEA verificationStrain gages for critical areas and FEA verification
Standard Chapter XI structural testsStandard Chapter XI structural tests
Cask Cask securementsecurement system testsystem test
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Single Car Test RequirementsSingle Car Test Requirements

Single Car Dynamic TestsSingle Car Dynamic Tests
Chapter XI tests with more conservative limitsChapter XI tests with more conservative limits
Pitch and bounce with perturbation Pitch and bounce with perturbation 
wavelengths at truck center spacingwavelengths at truck center spacing
Single bumpSingle bump
Curving with single rail perturbationCurving with single rail perturbation
Turnouts and crossoversTurnouts and crossovers
Ride qualityRide quality
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Articulated Car Rigid Body ModesArticulated Car Rigid Body Modes



© TTCI/AAR, 2005
TM

Multiple Car Test RequirementsMultiple Car Test Requirements

Dynamic Tests at Controlled Test SiteDynamic Tests at Controlled Test Site
Stop distanceStop distance
Braking in curvesBraking in curves
Buff and draft curvingBuff and draft curving
System monitoring testsSystem monitoring tests

Revenue Service TestsRevenue Service Tests
Turnouts and crossoversTurnouts and crossovers
Poorly maintained trackPoorly maintained track
Ride qualityRide quality
Operational demonstrationOperational demonstration
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TTCI experience with Nuclear Waste TTCI experience with Nuclear Waste 
Transportation Standards and Safety Transportation Standards and Safety 

Performance IssuesPerformance Issues
Development of S-2043 and other AAR standards

On-going test and analysis support of USA Nuclear Waste 
transportation systems for:  DOE, Yucca Mountain, PFS

Extensive RR industry R&D

Flange climb derailment mechanisms & derailment Flange climb derailment mechanisms & derailment 
investigationinvestigation

Vehicle and track dynamicsVehicle and track dynamics

Vehicle/Track interaction

Vehicle testing: freight and passengerVehicle testing: freight and passenger

Simulation model development: NUCARS, TOES/STARCO, Simulation model development: NUCARS, TOES/STARCO, 
WRTOLWRTOL
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TYPICAL VEHICLE PERFORMANCE TYPICAL VEHICLE PERFORMANCE 
EVALUATION PROCESSEVALUATION PROCESS

Theoretical Simulations - NUCARS
NUCARS model NUCARS model -- Design OptimizationDesign Optimization

Vehicle Characterization Tests
Verify vehicle characteristicsVerify vehicle characteristics
Update/revise NUCARS SimulationsUpdate/revise NUCARS Simulations

TTCI Tests – Track and Laboratory
Verify simulationsVerify simulations
Conformance to specifications and safety performance Conformance to specifications and safety performance 
standardsstandards
Structural, FatigueStructural, Fatigue

Revenue Track
Verify simulations and lab testsVerify simulations and lab tests
Ride QualityRide Quality
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NUCARSNUCARS™™

A PC-based multi-body railroad vehicle
dynamics simulation program designed
to simulate any railroad vehicle moving
over any track.

A PCA PC--based multibased multi--body railroad vehiclebody railroad vehicle
dynamics simulation program designeddynamics simulation program designed
to simulate to simulate any railroad vehicleany railroad vehicle movingmoving
over over any trackany track..
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NNew and ew and UUntried ntried CCar ar AAnalytic nalytic RRegime egime 
SSimulationimulation (NUCARS)(NUCARS)

MultiMulti--body Vehicle/Track Dynamic Interaction Simulation body Vehicle/Track Dynamic Interaction Simulation 
6-Rigid Body Degrees of Freedom (DoF) per body
Up to 99 Flexible Modes per Body
Fully non-linear
Various type of suspensions

Friction, load dependent, series and parallel spring and Friction, load dependent, series and parallel spring and 
damper, air suspensionsdamper, air suspensions…… and many, many more   and many, many more   

Nearly any combination of worn wheel and rail profiles
Solid and/or independent rotating axles
Many options / types of track geometry inputs 
External force inputs (wind, longitudinal buff and draft)
Braking or traction inputs
Lubrication / dry track 
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NUCARSNUCARSTMTM Applications:Applications:

Detailed analyses of vehicle/track dynamic 
interaction
Detailed studies of derailment mechanisms
Parametric studies
Evaluation of specific vehicle design details and 
defects 
Evaluation of specific track design details and 
defects:
Operational  and environmental conditions
Tool for learning details of vehicle/track 
interaction 
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Why Use Computer Simulations to Evaluate Why Use Computer Simulations to Evaluate 
Performance?Performance?

Design optimization before building prototype
Evaluate design variationsEvaluate design variations

Evaluate effects of various operating conditions
Track geometryTrack geometry
Environmental conditionsEnvironmental conditions
Derailment SimulationDerailment Simulation

Testing is expensive
Many simulations can be run for cost of one day of testsMany simulations can be run for cost of one day of tests
Derailments in computers are easy to clear upDerailments in computers are easy to clear up
Testing can not duplicate all operational conditionsTesting can not duplicate all operational conditions
Use simulations to identify critical test run matrixUse simulations to identify critical test run matrix
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Why Perform Tests to Evaluate Performance?Why Perform Tests to Evaluate Performance?

Confirm and verify computer simulations

Obtain empirical data to ensure accurate 
simulations

Performance dataPerformance data
Vehicle suspension and inertial characteristicsVehicle suspension and inertial characteristics

Design values sometimes incorrect or may not account Design values sometimes incorrect or may not account 
for interaction with other componentsfor interaction with other components
Account for wear and defectsAccount for wear and defects

Measured track geometry, wheel and rail profilesMeasured track geometry, wheel and rail profiles

Prototype design evaluation
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WHY PERFORM TESTS TO EVALUATE WHY PERFORM TESTS TO EVALUATE 
PERFORMANCE?PERFORMANCE? (continued)(continued)

Conformance to specifications
Ride qualityRide quality
Safety performanceSafety performance
Braking and accelerationBraking and acceleration

Structural fatigue performance
TTCI TTCI simuloadersimuloader
Revenue service testsRevenue service tests

Derailment investigation



© TTCI/AAR, 2005
TM

No modeling Modeling

DesignDesign TestTest

OK

Finished

Finished

ReRe--designdesign TestTest

ReRe--designdesign TestTest OK

..

..

..
..
..
..

DesignDesign

ReRe--designdesign TestTest

ModelModel

Combination of Simulation and Testing Combination of Simulation and Testing 
Provides Most Cost Effective SolutionProvides Most Cost Effective Solution
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TTCI Technical ExpertiseTTCI Technical Expertise
Support development & implementation through:Support development & implementation through:

Technical support for RR standardsTechnical support for RR standards

Derailment investigationDerailment investigation

Improvements to vehicles & componentsImprovements to vehicles & components

Certification TestingCertification Testing

Simulations & analysis toolsSimulations & analysis tools

Best practices for track & vehicle maintenanceBest practices for track & vehicle maintenance

TestTest--bed for endurance proof testing of vehicles & tracksbed for endurance proof testing of vehicles & tracks

Research & developmentResearch & development

New measurement and monitoring technologiesNew measurement and monitoring technologies

Full scale laboratoriesFull scale laboratories
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ConclusionConclusion
TTCI has the railway expertise and facility to safely TTCI has the railway expertise and facility to safely 

implement test, evaluate new technologies and to implement test, evaluate new technologies and to 
prove performance and reliability. prove performance and reliability. 

Our worldwide network and international experience Our worldwide network and international experience 
uniquely qualify us to provide support to the uniquely qualify us to provide support to the 
analysis and testing of trains carrying High level analysis and testing of trains carrying High level 
Radioactive Waste. Radioactive Waste. 

What we are and what we are not!What we are and what we are not!
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ConclusionConclusion

Can provide support for developing railway standards

Able to provide support from Modeling to Testing

Can help developing and implementing 
training programs

One Test is Worth a Thousand Expert One Test is Worth a Thousand Expert 
OpinionsOpinions
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