
TheU.S.railroadshaveanannualoperatingbudget
ontheorderof $25billion,asignificantportionofit
expendedonitemsrelatedto the"runningresistance"
oftrains,or thecombinedresistanceinducedby
aerodynamicdragandmechanicalfriction.
Overcomingrunningresistanceinvolvesfuelcosts
amountingto about16percentof theoperating
budgetandmaintenance/replacementcostsfor
wheelsandrailsareof similarmagnitude.

Todecreaserunningresistance,it is firstnecessary
to quantifyit byfull-scaletraintesting,thenseparate
it intoitstwocomponents--aerodynamicdragand
rollingresistance_inorderto developathorough
understandingoftotalrunningresistancetoward
designingmorefuelefficientlocomotives,carsand
components.Suchinformationisessentialto an
economicanalysisthatmustbeconductedto
determinetheviabilityofproposeddesignchanges.
Butinformationonrunningresistanceishardto come
by;existingmethodsarefelttobeinsufficiently
accurate.Seekingabetterapproach,onerailroad_
TheAtchison,TopekaandSantaFeRailwayCompany
(AT&SF),Topeka,Kansas--islookingintothe
potentialofanaerospace-originatedtechnique
for obtainingimprovedunderstandingofthe
characteristicsoftrainrunningresistance.

AT&SF,primarilyafreightmoveroperatingona
12,500-miletracksystem,ownsapproximately75,000
freightcarsand2,000dieselelectric-locomotives.The
companyusesmorethan400milliongallonsoffuela
yearatacostof aboutonedollarpergallon,soevena
smallpercentagereductionwouldmeansignificant
savings.Overthepastseveralyears,AT&SFhas
undertakenmanyfuelconservationmeasures,among
themreducedtrainspeed,trainhandling
improvements,equipmentdesignandimproved
trackmaintenancestandards.Thecompanyhasalso
sponsoredaerodynamiccomputermodelingof trains
andsmall-scalewindtunneltests.
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Lookingfor waysto expanditscost-cutting
program,AT&SFbecameinterestedin theNASA-
developedCoast-DownTechnique,whichcombines
theaerospacetechnologyofflightvehicletrajectory
analysiswiththeuseofamodernhigh-speed
computer.Thistechniqueoffersreducedcomplexity
in full-scaletestingofrollingstockandpromises
accurateanalysisof avarietyof engineering
considerations---suchaslocomotive,carandtrack
design--andoperatingconditions---suchasspeedand
trainconfiguration.AT&SFenteredintoajoint
agreementwithNASAwhereintherailroadprovided
thetrack,trains,crewsandrailwaysurvey
measurements,whileJetPropulsionLaboratory(JPL)
demonstratedtheapplicabilityoftheCoast-Down
Technique.FundingforJPL'seffortwasprovidedby
NASA'sTechnologyUtilizationOffice.

Thedemonstrationwasconductedoverafive-mile
segmentofstraightandnear-leveltracknearPomona,
Kansas;aportionofthetestareaisshownatupper
left,oppositepage.Severaldifferenttrain
configurationsweretested,includingabasetrain
(middlephoto,oppositepage);ahigh-dragtrain
composedof alternatingboxcarsandflatcars(lower
photo,oppositepage);aheavilyloadedtrain;two
shorttrainsof differentloadweights;andthe
locomotivealone.Togetthe"distancehistory"of a
coastingtrain,JPLresearchersmeasureddistance/
timebyusingasystemof reflectivetargetsmounted
onthetiesevery1,200feet;oneisshownatleft.A
sensorneartherearstepof thelocomotive(bottom
left)notedthetimeofpassageovereachtargetand
reportedtheinformationto acomputer(bottomright)
locatedinsidethetestcar.Relativewindwasrecorded
byequipmentonthetestcarandabsolutewindwas
determinedbyananemometeratwayside.

Distancehistorydatafor eachof32testrunswas
convertedto anaccurate"speedhistory."Testdata
wascomputer-processedto obtaintotalrunning
resistancefor eachof thevarioustrainconfigurations;
runningresistancewassubsequentlyseparatedinto
theaerodynamicdragandrollingresistance
components.JPLanalystsreportedthattheCoast-
DownTechniqueisapracticalmethodof determining
thecharacteristicsof runningresistanceto an
accuracyofaboutonepercent,dueinpartto the
absenceof data-degradinginstrumentationnoise
encounteredinothermethods.Thefieldtestswere
carriedoutin 1983and,afterseveralmonthsof data
reductionandanalysis,JPLsubmittedits finalreport
toAT&SFlastyearforfurtherevaluationbythe
railroadcompany.
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