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PREFACE

The purpose of this report is to acquaint interested researchers
and potential users with the features of the Train Performance
Simulator (TPS) in use at the Transpértation Systems Center (TSC)
of the u.s. Department of Trﬁasportation and to provide eﬁomgh |
information to assess its uéefuiness,

The basic simulation program was developed for Missouri Pacifié
Railroad Company‘(MoPac)'by R.W. Drucker while a graduate student
at the University of Illinois and by staff members of the
industrial Engineering Division of MoPac. It has been extemnsively
modified by TSC to provide for many additional features, particu-
larly relating to eiectric propulsion and passenger service, as
well as to provide more flexible input and output optioms which
take advantage of the capabilitieé éf the TSC DEC system-10 '
computer system and which reflect the broader needs of the Federal
Railroad Administration.

This report is based in part on the User's Manual written by MoPac,
but includes much updated, expanded, and revised information
applicable to the USDOT/TSC TPS.

Acquisition, validation, calibration, and utilization of this
bsimulator have been supported by the Freight Service Division of
the Office of Research and Development, Federal Railroad Admini-
stration, The Passenger Systems and Eacilities Division of that
office has supported the modification, documentation, and |
maintenance. Modification and maintenance of the TPS has been
the responsibility of M, Hazel of TSC, assisted by R. Larkin,
C.A%eague, and H. Landon of Kentron Iﬁternational Limited. The
author is grateful to Dr. J. Hopkins of TSC for his valuable
counsel in organizing this report,

idi
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THE USDOT/TSC TRAIY PERFORMANCE SIHULATOR
INTRODUCTION TO TRAIW PERFORMANCE SIBULATION

i. INTRODUCTIOHN

A Train ©Performance Simulator (TPS} or Train Pperformance
Calculator {TPC) 1is a computer progra® ¥hich simulates the
operaticn of a traia aver a railvay roate. It has becoms a
useful tool for wmany of the larger railrocads, most of which
have developsd simalatops to suit their oun nesds and coaputer
syster capabilities. Tae TIPS in uss at the Transportation
Systers Center  {TSC) = of the 0. S, Depariment of
Transpartation ¥as originally daveloped by a railroad
{¥issouri Pacific) for its o¥n use. It has been adapted to
the TSC DECsystez=-10 cemputer and has been modified to expand
its capabilities even further.

This  iptreductory section discusses the = gemeral
characteristics and features, and the basis for " the
nathematical acdel, for any T2 and Eopr the USDOT/ESC TPS.
Technical detail is kept to a2 mipipes in this section as well
as in Sectioz 2, which describes The operating cycle, or
iterative process. The details of ths mathematical eodel are
presented in Secticn 3 for the BoTe tecdhnical teader. Section
b discusszs the conputer-related and gsSsr-related features and
describes the varicus ouiput fores. Saemnples of oukput are
provided in the Appendiz.

The purpose 0f a Train Performamce Simulator is toe predict or
replicate the &=®movemsnt of a train along a given track. . The
results of such a progran are contaimed in  tables or graphks
. that shou the speed, time, distance, energy or fuel
consunpiion, and throttle positions as the train moves along
the route. additional informatior about the route, suck as
grades, curves, mileposts, and speed limits may also be shown.
B TPS may be used to:

1. Determinz the scheduled operating time for a train.

2. Determine the motive pover necessary to make a rum in
a given ancunt of time.

3. Determine the effect of adding {or dropping} a
loconstive wait to (o from) the train.

4, ‘Determime the effect of adding {or dropping} tonnage
toc {or from} the traigp.

5. Show the effect of a track relocation or
reconstrachtion (vhich eliminates or resduces grades or
curves) upon the operating speeds, notive power
requirensnts, and 2perdy consumption.
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6. Compare the operational problems presented by various
proposals for a new line.

7. Determine the affect of eliminating or introducing a
speed restriction or statiop stop.

8. Determine tonnage ratings for a route based on a
train operating over the ruling grade at a specified
minimum speed.

9. Compare runs over different routes.

10. Compare results from the use of different train
resistance formulas (i. e., vary the simulation
nodel) . 7

1.1 General Characteristics of A TPS

1«11 Input Reguirements - In order to simulate the running
of a train the TPS needs information about the route and about

the train.

1« 1.1.1 Route Data - The TPS must have a description of the
track over which to run the train. A set of values describing
the characteristics of a point on the ¢track coaonstitutes one
record of track data, A group of records, usually beginning
at one station and ending at another (not necessarily the
next), constitutes a route segment. The TPS will 1link
together a number of such seqgments and run a train with or
without stops from pne end to the other,

The selection of points along the route to be coded is a
matter of judgment. The following quidelines are recommended:

1. A record is required where speed limits change.

2. A record is required at every significant change in
gradient. :

3. If possible, a record should be <coded for the
beginniny adnd .end of every curve; but vhere curves
occur in freguent succession, it may be desirable to
code only one record at the begqinning and enl of
several curves and enter am average value for the
curvature. ‘
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4, A record is reguired for each significant station,
duanction, ar inspestion stog.

1o 1o 1.2 Train DBata - ¥hen the route has been described,
information about thes tTaim is needed in order to run it sv¥er
‘the ronte., The lengih and tvpe of cars in the train determine
the asreodynazic forces acting on then. For example, short loyw
flatcars zand gondolas will offer muck lower aercdynasmic
resistance than hi-cube bozcars anrd lcaded TOFC cars, and the
effects at higher speeds vill be significant. The car welght
and nunber of axles dsberuine the resistance from friction in
the bearings and fianges and froan rolling contasct. The
ioconotive characteristics reguired are the data on tractive
effort capabilities, and the fuel oOT emergy rates botk idling
{e. Ga.. gallons per minuie) and running (e. g., galloms per
horSepoO¥eT~hOTI).

e 1. 1.3 Operating Scenario - ¥a=n a roste amd a train bhkave
been déscribzd, the 9PS can run  a %frain ever the route.
However, a TPS usually can provide for additiomal variatiozms
from the normal operating conditions, such as: ‘

i.  Startiag time.

2. alterations to the rounte {gzades, curves, etc.)

3. ©HMore or fewer stops apnd different stop times.

ﬁq‘ Teaporary chaznges 4im speed limits from ':th@se
specified in the track data.

5. Changes in c03333q {igconotives and/or carsa at stops
enroute. ‘

6. Adhesion ratic variation for bad weather (¥et rail),
or %worst case.

7. prevailimg winds, both velccity and direction.

8., Hodification ¢f resiszance chaTtacieristics t@ account
for uausual cars oc 1ocomst1vesn
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1.1.2 Basic Model {Algoerithms) - The fundamental mathematical
godel for a train is based on simple Newtonian laws of motion.
The forces involved are those due to train resistance,
loconmotive tractive effort, and braking.

1.1.2.1 Train Resistance - Train resistance is made up of a
number of components:

1. Rollinq friction resistance is proportional to the
wveigqht and independent of velocity.

2. Bearing friction resistance is proportional to the
number of axles but independent of weight and
velocity.

3. Flange frictiop resistance is proportional to veight
and velocity.

4. perodynamic resistance is a function of size and
shape and is proportional to the square of the
velocity but igdependent of the weight.

The train resistance due to gradients and curvature can be
added conveniently to the resistances listed above. Both are
independent of velocity but proportiomal to weight and to the
gradient or deqree of curvature., The basic equation used for
train resistance was formulated in the 1920°'s by W. Ja
Davis¥, Expressed in pounds of force, the resistance of a
single rail car is

B = F*W + 20%g*¥W # 8%c%W + b¥p + f*W*xV + K* (¥yxXx2)

vhere
is tke bearinqg frictioa coefficient
is the carvature in deqrees
is the flange friction coefficient
is the rolliag friction coefficient
is the gradient in percent
is the air resistance coeffiaient
is the nurber of axles
is the velocity in miles per hour
is the car weight in tons

indicates sultiplication
* jindicates expogentiation

¥ EEESDTDROWHO D

* ®. J. Davis, Jr., “TractiVe' Resistance of Electric
Locomotives and Cars", General Electric Review, October 1926.
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It should be noted that the Davis Eqaatzon as stated bhkere
deterpines the resistance foerce of a rail car., The pover
reguired toc overcome the force will be proporticomal to  the
product of that force and the velocity. Therefore, the
"locomotive horsepoder regulred o pull a given aetrodynanic
shape at appreciable spesd ¥ill be proportional to the cubs of
the valocity. ‘

‘Davis determined values for the coefficisnts which were
considered accurate for the rolling stock of his day. Hore
recent tests have supported  the use of ' alterpative
‘coefficients which are often used®.

1:1.2.2 Tractive Effort - Tractive effort is the force vwhich
a locomotive exeris at the driving wieels to move itself and
its trailing consist., It is linpited by the pawer arvailable
from the traction motors, by the velocity, and by the adhesion
characteristics of the vhesl-vail iInterface. For a given
locoumotive horsepogsr, a typical tractive effort curve is a
hyparbola of the general form

TE = 375%E*HP/V

vhers
E is an efficiency factor
2P is the locomnotive horssposer
¥ is the velocity in miles per hour
TE is the tractive effort in pounds

"103.2.3 Braking - ¥hzn the train needs t0 be slowed because
of a spsed restriction or station stop, brakes are applied.
This results in a retarding fosce at the whesl-rail interface
of all 1lccomotives and cars ip the trais which is adhesion
ilimited but which acts as an additionzl resisting force. The .
force applied is z function of brake systex parametersg time,
velocity, and ®meight of iading.

% pperican Railway Emgiﬂeering associlation, ®ARE2Z Manual f£for
Railwav Engineering®, Chapier 16, Parit 2, 1970.

Tz
-t
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1.1.2.4 DAcceleration - If the forces due to train resistance,
tractive effort, and braking are ip balance, the train will
remain at constant velocity. However, if they are different,
there will be an accasleration (or deceleration) resultipg from
the familiar F=m*a of Newton. The agceleration will be equal
to the algebraic sum of the forces divided by the mass of the

train,

1.1.3 Output - Since a 1TPS may be used for different
purposes, the output needs to be flexible. Some users may
want only a timetable listing, others may wvant merely the
total runnirg time. Other possibilities are instantaneous
speed at every time or distapce interval, average speed for
the whole run, drawbar pull, acceleration, throttle notch
settings, and brake application or release. Users interested
in energy consumption may want incremental energy used at
every time or distance interval or jast the total for the run,
expressed as kilowatt~hours or gqallomgs of fuel or even as cost
in dollars.

Obviously all these data cannot be displayed in a single
format which will be convenient for everyone. Therefore a TPS
should offer a variety of alternative outputs differing in
deqrees of complexity and shich car be specified simply.

1.2 The USDOT/TSC TPS

A TPS can be designed with any deqree of sophistication,
depending upon the form and accuracy of the input data and the
desired use and accuracy of results. The USDOT/TSC TPS is a
relatively complex exauple. It incorporates all _ef the
capabilities described ahove, 1In addition, a number of other
features are included which add to its usefulness.

1. 2.1 Special Features - The USDOT/TSC TPS is extremely
flexible. I+t has built-ia (default) walues for almost every
conceivable parameter, including the complete specification of
a train. Unless othegwise specified, a freight train pulled
by three GP-35%s and cogsisting of 40 loaded cars and 29
empties, all 50 feet long, with 3684 gross trailing tons, will
be run, One computer run, called a *job®, can run up to 99
different trains over a route, with changes enroute to the
grades, curves, stops, speed limits, and train consist.
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1. 2.1s1 @8Boute Data - Track data may be read either from a
previcusly prepared data base or from the input data. Stops,
curvature, gradients, and spesd 1limits caz bes changed durirng a
train ruz and will be <restored automatically for the next
train, The traig car be rade to start and end its ran
virtually anyvhere alond the track. ‘

1.2.1.2 fTrain Data - Conventional freight or passenger trains
may -have up te nmimes 1locomotives amd any number of cars.
“ultipie-mnit passsnger traips may have up to 18 cars, aay
negber of vhich ravy be unpozere€. Energy scurces may be fuel
. {diesel-electric, diesel~hvydraslic, oT turbine) or
all-eclectric. Data is paintained ip a ZPS iibrary data base
for wvirtually all coznon loconotiwes, imcluding complete
- specification of the tractive effozrt curves., Non-standard
lcocozotives may be specified easily. The data required are:

1« Peight in tonsy
2.' iengthk in fest,
3. ERateéd horsepover,
4. Number pf axles,

5. BRunning energy rate in galloms per borsepower-hour
forlkilqwatts per bhorseppy¥eT), ‘

- 6. Idling eaergy vate in gallons per uwmikute  (or
- kilovatts), and o

7« Transnission efficiency.

~The standard traciive effort curve will be computed by the TPS
‘unless an indicator 3s iaciuded with ti= locomotive data,
yhich allows for non-standard itractive effort data  to be
specified simply as & table of tractive effort wvalues at
“increments of pme mile per houT.

The car lengthk will be 50 feet and each will have four axies
snless otherwise specified. Freight car counsists can be
specified in eight diffgrexnt vays:

1. Specify nothing, vielding the defarlt consist: 40
loads, 29 empiies, 3684 gross trailing tomns.

' 2. Specify the total number of cars. Tae TPS will
assign 58% of them as loeds and 42% of them as
enpties with average usigkt of 53.8 tons. :

7.
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3. Specify the nuaber of 103&5 and empties. The TPS
will assiga  weights /| of 72.5 and 27 tons,
respectively. o

4, Specify number of loads and empties and qross
trailing tons.

5. Specify number of loads and empties and total weight
of lading. The TPS will agssiqgqn a light weight of 27
tons to each car.

6. Specify total number of cars and gross trailing tons.
The TPS will assign 58% as loads and 42% as empties.

7. Specify the number of loads and empties and the
weights of each.

8. Specify all parameters individually for every car in
the train by supplying thea directly.

passenger train consists can be specified simply. A simple
code indicates whether conventional or multiple-unit. If
conventional, the locomotives are specified as for a freight
train and the number of cars and their weight, length, and
number of axles are given. Any default resistance
coefficients may be overridden. A mnultiple-unit train is
specified as if it were all locomotives. The TPS gives then
the propen tractive effort ckaracteriistics while treating then
in all other respects as cars.

1. 2.1.3 Model -~ Five train resistance equations are built
into the TPS. The default equation will be bDavis modified by
Tuthill*, but any of the others may be specified easily. The
gradient and curvature terms are identical and are omitted
here, In the equations below;

is the car lengtk in feet
is the number of axles
is resistance of a single car in pqunds
is the velocity in miles per hour
is the car weight in toms
indicates multiplication
indicates exporentiation

* =D e

*

- ol ———— ———— T o ——— A ———— -

* J. K. Tuthill, vHigh Speed Freight Trair Resistance",
University of Illinois Engineering Bulletin 376, 1948.

8
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1. Davis, optionally modified by Tuothill above 40 mph.
R = 1.3%% + 29%n ¢ LO85%83Y + 045 (V332

Fote: Ir the Tuthill podiffication the equatiom is
replaced by a Bpatzizx of cosfficients when the
velocity exce=ds 80 aph. ‘

2e “Caaadién Fational¥,
R = 0.6%5 + 203a # .OI¥E2V ¢ 073 (VE=2)

3., Ccanpadian ¥atiopal -ﬂzzie Lackavanna for T@FC/CGEC.
R = 0.6%F + 20%n ¢ JO01%H¥V + 20%{V*22)

o @otten# streaniined passenger,

B = 1.3%F ¢ 293 + ,0Q453W=Y
* [.00052.060725%{L/7100) = (.88} J* (V=%2)

5. Totten nom~streampliped passenger.

R = 1.3%F + 2532 ¢ .0L5¥HEY
+ [<00054.1085%{L/100) %% {.7) J¥ {V¥%2)

In addition, the user may specify individusl coefficients for
the locomotive consist or the train cpasist or for each unit
in each consist {i. e. =make Bp custon resistance eguations).

For accuracy on grades, thes train is ®blocked®. The trailing
consist 1is divided ipnto up to 25 blocks of cars. Each block
is considered as an indepvsndent pass upon whick the train
forces act. This is particulazly significant in long traiss
whezre part ©f the trais is going ephill while another part is
going downhill, The eptize length of the traim is considered
so that no acceleration is permitted until the cezboose has
ieft a specsd-restricted zonso

2 simplified explanation of thz basic dtezative procedures is
as fellous, Thz TPS comIaTe® the present train spezd to the
speed lisit. 3If tractiuvs effort is available in excess of the
train resistamce, it wili bz applied subdect to the adhesion
limit, 7he velociiy will 2z inczepeniad and the ¢tizme anéd
distance to achieve the wveliogity chanmgs will bes caiculated and
increnented., Tha user kas the ability to override the default
velocity incremsnt of 1.0 'mile per hour. If the train is

F B I. Totten, ﬁﬁeéisiaac@ of Light VWeight Passemqér
Trains®, Railway 2ge, Vol. 103, July 17, 1937.
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already at speed limit, then the distance is increased by 528
feet and the nev time is calculated.

The TPS looks ahead 30 +track records for speed limit
reductions and calculates the distancé reguired for braking in
advance, When that point is reached, the brakes are applied.
A brake pipe propagation time of one tenth second per car and
the varjiation of brake shoe friction coefficient with speed
are both taken into consideration. Once deceleration is
called for, the velocity will be decremented and the time and
distance to achieve the change will be calculated and
incremented.

The model requires the train to attempt to accelerate to and
run at the speed 1limit vhenever possible. This could be a
serious constraint vere it mot for the fact that the user can
nodify the speed liuwits at will apyvhere along the track where
there is a data record. The TPS can simulate speeds up to 200
aph. Caution is advised, however, ik interpreting results of
runs at over 80 mph, due to uncertainpties in train resistance
at the higher speeds.

1.2.1.4 oOutput - The user bhas a choilce of Summary or Detail
Printout. The Summary Printout coantains a line only at
stations along the route and includes only location, time,
speed, and enerqy information. The Detail Printout contains a
line every time the speed changes by one mile per houn or the
distance is incremented by ome mile. In addition to all the
information from the Summary Printout, a Detail Printout gives
tractive effort, drawhar pull, throttle notch, and
acceleration.

Both printouts give a conplete description of the train
{Length, weight, horsepawer, resistance coefficients, etc.) at
the beginning and both give a BRun Summary (total time and
enerqgqy and averagqe speed)] and a timetable at the end. &
Throttle Position Summary and a Velacity Range Summary are
available as options tQ both printouts. Another output option
is a file of values at each iterative step which can be used
iater by another prograk to 7plot graphically speed, speed
limit, enerqy, elevations, grades, or curvature against time
or distance.

10
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Tola2

Limitations - The natuore of the model creates sone

lipitations.

Te

Velocity ipitializatior is not permitted. The +train
sust depart the originating statioz at zerc speed and
arrive at the &estipation sSiation at zero spesd.

if wind effects arte desirted, the wvind velocity and
relative directicen agost be copstant for the entire
TUn. : .

The train may not be bkandled exactly as a rezl
engineer might do it. For instance, in some
situations a rezl engineer mBight apply brakes 1ightly
#hile applying poUsT just. to keep bhis  traise
Ygiretched®, This wonld be difficult to medel.

The TPS is uwltimately limited by the accurzcy of the
train resistapnce podel. HMost models were developed
mapy years ago,; and are generally considered to o be
valid anly below about 80 Epk. O0Only recently has
there been & renewsd interest in developing accurate
resistance =models, priparily for use in simulatiomns
of high~speecd passenger trains. S

Tractive effort is applied ir a contintous curve, not

guantized hy notck setting.

1. 2.3 Future Modifications - The <£features and limitations

described

above apply bo the TPS curzently in use at TSC.

Possible modifications include:s

1.

. Discrete tractive effort - valies deternined by

throttle noichk s=tting.

2pility to override the defauwlt parameters in  the

braking algcrithmq

Optional addition of dynamic braking.

. Buiit~in car library data base, callable by code

nunbers.

11
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1.2.4 1Interpretation Of Results ~ Comparisons of simulation
results with actual pepformance have shown that the simulator
reproduces the movement of the train with reasonable accuracy.
Results should be thought of as ap estimate of the minimunm
running time over the salected section of track for a train
¥ith the specified wmotive poaver and consist characteristics
and considering the speed restrictions aand stops imposed.
Normal stopping times for inspections and crew changes are aot
usually included in the prepared track data and the TPS does
not automatically include the randoa delayvs such as meets and
mechanical failures incurred by freight trains. When applying
the simulator to scheduling applications, additional time
should be allowed for these delays, by either adding them to
the TPS results or by specifying them in the input data.

a2
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2. OPERATING CYCLE OF THE TPS PROGELH

The ¥®run cycie” of the TP3 program acitsally computes the
povezment - of a %traio. Before this cyecle may be beagum,
information (supplied by the user} must bz read specifying:

i The route, which tells ¢hz prograr whick track

. records, if any, are to be rempvyed from the disk and

stozed during the coursz of a job, and the order in
vhich the recozds must be renoved;

2. The loconotives, whick telds the program ho¥w to
conmpute the traciive effort and loconotive resistance
at each spead;: and

3. The traip consiist, vhich tells the progras the weight
and leangth of the tzalia, which 1is mecessary to
conpeia the train resistznce.

Lfter the necessary information has been read, the TPS
examines the traim and divides it into blocks of cars to moce
accurately deterains the forces involved, particularly
important in long trainms. The maziszzn number of blocks is 25.
'If the train is longar than 25 cars, no block can bave less
than twvo cars. 211 blocks kave the sans pumber of cars except
the last bleck, whick may bhave a different pumber if reguired
‘to account for all of them. Traiss with 25 or fewer cars will
be blocked one car pa2r. bBlock, . Bultipile-umit trains are always
blocked ome unit per bklock, The cvcle proceeds in the
" following manneT: :

4, Calgulates tractive effort of power con51st at
present speed €0 mph at sharck);

5. Calculates train resistance based on train weight and
: flange and 2air resistance coefficients (imput) and
present grafe and curvs track characteristics:

€. Calculaies forge available (tractive effart minus
rtesistance), and

Be If £orce avallahle is positive and°

1.  Spezd dimit is bigker tkan present train
speef: calculates distance and tiss required
to agceleTats o0 2 ney speed highker than the
presz2ad spes=d by the amount cf the
ingremental velocity: o

15 -
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B.

2.

3.

1f

24

If
1.

2.

Speed limit is at present train speed:
calculates time required to move 0.1 mile
distance at present 'speed:;

Speed 1limit is 1lower than present train
speed: calculates distance and time required
to brake to a new speed lower than the
present speed by the amount of the
incremental velocity; ‘

force available is zero and:

Speed liwmit is higher than or equal to the
present train speed: calculates time
required to move 0.1 mile distance at present
speed; '

Speed 1limit is lower than present train
speed: calculates distance and time required
to brake to0o a nevw speed 1lower than the
present speed by the amgunt of the
increaental velocity;

force available is negative and:

Speed limit is higker than or at present
train speed: calculates distance apd time
required to decelerate to a new speed lover
than the present speed by the amount of the
incremantal velocity;

Speed 1limit is lower than present train
speed: calculates distance and time required
to brake to a new sSpeed lower than the
present speed by the amount of the
incremental velocity;

2dds the distance and time determined inm 6. to the
totals already established (which the train has moved
previously) amd raises or lowers the speed by an
anount
unless the train has maintained a constant speed;

egqual to the itecative velocity increment

i
A

14
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8a

0.

1.

If the train, in moving the distance, has encountered
a track rTecord, which usuzily indicates a change in
grade, curvatuare, or spesi  linit, the movement is
abbrevinted so that it does not miss any sndden
caanges reflected iz the meyYy recoTd. . The time
cegairved is redsced propomdticnately to the éistance,
but the pay txadin-speed femnirs-in gffect., The train
has actually accelerated o &scelemated by an amount
equal %o thse Iftervabtive velocity ipcrement in a
fracticen of the distance and tins vhich norazlly
would be rveguized: Using the program default value
of 1.0 22k for thsg velocity incremsnt can resuli in
significant rufning tige variztions on rums with only
slightly different consist chafecieristics when the
track being sionlated has Bany drades and curves
{causing track data records %o ba clossly spaced) and
yhen the train is accgierating oz decelerating
freguerily. . §Pkis progran  characteristic has no
effect on accuracy vhen the &rain is moving. at &

constant spzed.)

If the rear of the traiz has passsd the rear—-most
track record still stored in. the cosputer, it is
reacved fron eenory and a nsy track record is read in
ahead of the train:

If the nev¥ track recozd indicates a reduciion in the
spesfl 1imit or a stop abt a locationm of the track
record, the progran deteruizmes tie distance reguired
to. brake the +twain fron its previocus spesd to the
desired spesd and stores this information as an
nartificial spesd 1imit® at the point where the train
should begin braking, s0 that the train wiXl  bezgin
braking iz advance 6f the sitop or newy speed linmit.

Eeturas to 4. . to begin the cycle again at the peyw
location with the new informatism.

Finally, the general preogran stores certain information at
selected locatiens for use in pristing sumparies amd a
timpetable at the end of the ron, as wgll as tihe accumulated
energy consumption information. ‘

1 5 o
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3. MATHEMATICAL DESCRIPTION OF THE TPS

This section describes in mathematical teras the basis for the
calculations sade by the TPS in simulating the running of a
train. The train is expected to follow Newtonian laws of
potion. :

3.1 Notation

Following is a list of all the variables used in this section.
As a general rule adjacent letters in equations are part of
the name of a single variable. Variable names are always
separated by a mathematical operation symbol (M=%, Ww_ nau,
Ayn. wan. opr WXxxM) o a space. Parentheses and square
brackets act as separators also.

a acceledation, mph/sec

A cross-sectional area, ft**2

AL adhesion force limit, pounds

AR adhesiaon ratio

Av wind angle

bearing friction coefficient
braking ratio

curvature, deqrees

air draqg coefficient

distance, feet

Totten exponent

transaission efficiepcy factor -
brake pigging efficiency factor
flange friction coefficient

brake shoe friction coefficient
rolling friction coafficient
force available for acceleration, pounds
braking force, pounds

qradiemt, percent

gravitational acceleration, 32.2 ft/sec*¥*?
locomotive engine korsepawer
de-rated locomotive horsepower
rated locoaotive horsepower
streamlioe coefficient

air resistance coefficient

car length, feet

number of axles on a car

nemxber of cars inp a train

brake application ratio
resistance of a rail car, pounds
time, seconds

brake pipe prapagation time, sec/car
a force, pounds

tractive effort, pounds

A6
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v velopity, ft/sec
v velocity, mph
Vair effective air velocity, mph
VE hlthspeeé break, mph
¥i = low=spesd break, mph

C vu wvind veloclity, mphk
¥ weight of & car, toms
wa weight on drivers, tons
He EE?&? car ¥aight, tomns
¥ means anltapllcatlaa
= means GKDQEER 1atloa

3.2 Forces

The force available tc aceelerate a body is the difference
‘between the propelliing forece and the fozce which is resistiag
movement. FOr a train the propelling force is the tractive
effort provided by the loccdotive. Thke resisting force is the
train resistance, incinding gradey curvature, and . wimnd
resistance. Braking force will be discussed in Section 3.7.

3.3 Tractive Effort

Horsepower {or power) is thez rate of doing work. ¥ark is
force muit;leed by the distance through which the force acts.
Horsepﬂwer is defined as K

HP = (T¢d/t}/550 : _ o (h

when T is in pounds, d is irp fe2t, and t is in seconds. The
term 4/t is the veloc1&y, ¥, in fe=t per second.

'H; = T#v/550 @

The TPS uses the customary unrits for velocity, V, in miles per
. haur., The force is the tractive effort, TE, also in pounds.
HP = TE*V/375 . {3}

-

Equation 3 assumes a bvranspission efficiency of 100 %a
Diesel-electric kocomoiives +typically have a transmission
efficiency 0f 80 to 85 percent. Incliuding the efficiency
factor, E, in Equation 3 gives ' : o
HP = TE#Y/{375%E)} , N '}

oT

37



THE USDOT/TSC TRAIN -PERFORMANCE SIMNULATOR
EATHEMATICAL DESCRIPTION OF THE TPS

TE = 37S5%EXHP/V (5)

3.4 Train Resistance
Train resistance is made up of a pumber of compqgnents:

1. Rolling frictien resistance is proportional to
the weight and independent of velocity.

2. Bearinqg friction resistapce is proportional to
the nusber of axles but independent of weight
and velcgcity.

3. Flange frictiof resistance is proportional to
veiqght and velocity. '

4. Aerodynamic resistance is a function of size and
shape and is proportjogal to the square of the
air velocity buet independent of the weight.

The train resistance due to gradierts and curvature can be
added conveniently to the resistances listed above. Both are

independent of velocity but proportional to weight and to the
gradient or degree of curvature.

3.4.1 Rolling And Friction Reszistance - The rolling friction
resistance is proportiopal +o the weight and independent of
velocity. The proportiemality coeffilcient is F.

R{rolling)} = PF*y {6)

The bearing frictior resistance is proportional to the npumber
of axles but independent of weight and velocity. The
proportionality coefficient is b. ‘

R (bearing) = b#*n {(7)

The flange friction resistance is proportional to weight and
velocity. The proportichality coefficient is f.

R(flange) = f*xu*y {8)

18+
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o

- 3,4.2  Aepodynanic Resistance (Wind) - The . TPS uses a
sinpiified msthod far nodeliag the ﬁznﬁ Tesistance of a moving
train., Picture a train moving from wesSt to east at a velocity
v and a steady wind bloging gensrelly east to west at velocity
¥Yv at a smpall angle, 2¥; t¢ the track . The longitudinal and
lateral conponents of the #wind are

V¥ {long) = V¥w¥cosine{iw) ' {9)
Vei{lat) = TVy¥sine {(&W) o {103

adlthoungh the laterazl forpe achis along the sides of the cars of
the train  in a dirsction parpendiicular ¢ the direction of
travel, it will be added to the longitudimal force for purpose
of analysis and wvill  Bbe as=zunad to act uwpgn the
cross-sectiocnal area of the traim. Tae  effective vind
velocity then bacomes

Vyieffy = vo¥ sine {ay¥)+cosine(dy) ] {11

¥ote that, for all poszt¢ve angles less than 180 dﬂqrensj the
lateral caapsnent is Flvays pasztlwe and thersfore increases
train resistance but when the wind angle is greater than 90
degrees {a tail wind) the longitudizal cozponent 1s negative,
reducing traip resistzancs

The wind resistance is inc&ﬁdeﬂ in the train resistance
eguatien by using an effective air velocity instead of the
train veleocity. '

Yair = ¥ + Vu{eff} | Lo {12)
R{aim) = E*{Vair¥2) , | o am

vhers _ | _
K = k & c#as[ (Ly10G)sse] (183

vhich raduces to K=C*X wien both k and e are zero.

3.4.3 Grade Resistance = Gradient is customarily Eeasursed in
percent, For every 100 fezt o©f horizontal distance, the
vertical change is ¢ fest, swhere g is the gredient. :
stationary rail car keld in eguilibrium on & gradienmt will
have  threes forces acting wupon it, aosglecting +the  £friction
terss which are already accounted for. The rail snppﬁrtinq
force acts upvard and nerzal to th2 cails. The drawvbar fozce,
Ry{grade), holding the car fron rollipo downhill, is parallel
to the rails., The gravity foros acis ¥vertically downward and
is egual to thz ecar wveight, or 2080%*9F pourds. The gravity
/1y
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force can be brokaen into tvo orthogonal components, which are
equal and opposite to the other two forces for equilibrium to
be maintained., The ratio of paraklel force to normal force
will be exactly equal to g/100, by similar trianqles. Since
gradient is always small, in a trigonometric sense, an
approximation can be wmade which states that the normal
component is very nearly equal to the gravity force (i. e.
the rail length is very nearly 100 feet for every 100 feet of
horizontal distance), ‘pherefore, equating the sines of the
smallest angles in siailac triangles

R (qrade) /(2000%4)} = (g/100)
or

R{grade) = 20%g*¥ (15)

3.4.4 Curve Resistance - Curvature, C, is customarily
neasured in degrees of arc per 100 feet of chord. By this
measuring scheme tangent track has a curvature of <zZero and
increasing curvature means decreasing curve radius, or sharper
curve, The resistance due to curvature has been found
enpiricalliy* to be

R{curve) = .8%c*W ' {16)

3.4.5 Total Train Reslistapce - The total resistance of a rail
car is the sum of the resistances due to rolling, bearing, and
flange frictiomn and air, gradiemt, and curvature.

R = P*A+b*n¢E£XW*V+K* (Vair®*2) +20%g*i+.8%c* ¥ (7

* Aperican Railway Engineering Association, #AREA Manual for
Railway Bngineeriang", Chapter 16, Part 2, "Train Performance®,
1970, page 16-2-3.
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3.5 Bcceleration

In order to accelerate ths train, th@ saximip usable tractive
effort 'is applied. If that is greater tean the train
resistance, the train will acéelerate. L

3.5.1 Force Rvailadble - The force available for acceleration
is the difference betverd thes tractive effori applied and the
train resistance, The mpazipum tractive effort apdlied is
limited to ¢he tractive effort available from the locomeotive
and by the adhesion of ‘thz ldconotive. The tractive effort
available  is stated by Eguaticn 5 when HP is the maximum
horsepowsr availazble., The adhesioy force 1limit, AL, in
pounds, is a funmciion ¢f the leconotive weight on drivers, ¥d,
and the adkesion ratic {or coefficient of adbesion), 2AR.

21 = 2000%aR%HA S (18)

Thé tractive effort applied will be the lesser of Equations 5
apd 1¢ when acceleration is called foz.

TE{appl) = Ssaller of TE{naxz) azd AL {19}
- The force available for accesleration is, then

5;ra = TE{appl} - R | . o (20}

3.5.2 Distance Por Accelerstion - Tic acceleratiopn is assuned
constant when iteratimg £ron oxe velocity to the mext, The
acceleration can be deterninsd. frazm the familiar F=m?a of
Newton. Siance acceleraticp is in mph/ssc, ¥ is in toas, and G
is in fi/sec®*2, soz2 cmavezs4@n factors pust be iptroduced.

. Fa = (2Gﬁ@v5280f36693#”?a;8 ‘ {21

:The increpental velacitiy ¥hsn accelmmating fzon ve10c1ty v1 to
¥2 is sipply the product of acceleration and tlme. _

V2 - ¥1 = a%t | - | (22)
The distance travzlled in that time is |
d = (5280/3600) *[Vi*t s a®(2%¥%2)/2] 23

:Equaiions 22 apd 23 may bz solved for acceleration independsnt
of time. : '

21
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”

/
a = (5280/3600)*(?2‘*2 - Vi%%2) /7 (2%4) (24)

Equation 24 may be substituted into Equation 271 to get the
force in terms of distance.

Fa = 66.8%Wx(V2%%2 - Vi*%2)/d (25)

Equation 25 considers velocity of translation onaly. The
rotational acceleration of the vheels is taken into account by
a five percent increase.

Fa = 70.14% Wk (V2¥*2 - V1%%2} /4 {26)

The distance for accelepattion is determined by rearranging
Equation 26.

d{accel) = 70. 14*%Wx{¥2*%2 - y1%x%2) /Fa (27)

3.5.3 Time Foxr Acceleration - Egquatiion 22 may be solved for
acceleration and substibuted into Equation 21.

Fa = 91.10%W* (V2 - V1) /t (28)

This is also increased hy five perceut to allow for rotational
acceleration of the vheels.

Fa = 95.65%W*(V2 - V1) /t ‘ (29

The time for acceleration is detersined by rearranging
Equation 2S.

t taccel) = 95.65%W*(V¥2 - V1) /Pa (30)

3.6 Deceleration

Deceleration will occ4r aaturally when the resistance of the
train exceeds the appliled tractive sffort. Deceleration also
occurs whenr the brakes are appllied, causing an additional
resisting force, the characteristics of which are discussed in
the next section,  The eguatiops used to determine the
distance and time for patural deceleration are the same as
those used for acceleratiop, i. e. Equation 27 and Egquation
30. In these equations V2 1is the new velocity, V1 is the
present velocity, and Pa is the net fiorce. S$ince the train is
decelerating, V2-v1 1is pegative, but for deceleration Fa is
also negative, resulting in positive distance and time. The

e
iy
7
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deceleration is assumsd constant during each iteration froz Vi
to V.

3.7 Brakiag

When the train nesds 0 decelerates bescause of a speed
~restriction or stop, the brakes are applied at a location
previocusly calcniated by the TPS. That location is determined
- bafore the train reaches it by applving the eguations bslow
and iterating backwards fronm the sSpesd rTestriction or stop
{se2 also Step 10 of Serction 2). For deceleration after that
locaticon, dteratiom proceeds farzard as for | matsral
deceleration except that the brakipg force is applied while
the tractive effor:i is s2¢t to Zeroce. 2 £ail service
applicatiocn is simunlated with approppiate propagation delays.

3c7,§‘ Braking Force - The force, FPbh, developad by the braking
system to stop the trais is a fanctiom of a number of braking
syster patansiers.

Fb = 2000%p*B*¥e*ELTEis - 31
Tae product (Eb*fs) is usually copsidered as a simgle guantity

'which is dspendent uzbn the velocity. The TPS @ses the
follioving sigplified relationship. .

(Eb*£s) 0.12 for ¥V > 40 mpk ' o 432y

0.25 = ¥/300  for V < 40 mph AR - &

{Eb*£s)

The application ratic, p, is the ratio of actual brake
cylinder air pressire to brake cylinder pressure for full
- service application and is fixed by ke TPS at a value of
0.75. The breking ratiqg, B, is calculated according to an
‘algoriths bdut genezaily falls in the range of 6.20 to 0460 for
freight cars, 0.653 far loconotives, ard .50 for passenger
Cars.

3.7.2 Brakipg Distance - ¥hezn braking, the tractive effort
being applied is zero and the cply forges actipg on the train
are the braking force, Fb, and the train resistancs, R, both
of whickh. are tegative. The guantity - {Fb%*R) can bs
substituted for Fa in Eguation 27 to ¢t the braking distance.

& = 70, LSTH({VISE2 = V2523) /(FD ¢ B) | (343
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&

vhere Pb is deterained by Equation 31 and R is determined by
Equation 17. when bpaking is applied, the output indicates
that the throttle is in notch 0 and the tractive effort colunmn
contains the braking force Fb, vwhich is a negative value,

instead.

The distance the train would travel, assuming no deceleration,
before the last car senses a brake application is

d = {5280/3600) *tp*N*V (35)

where tp is the brake pipe propagatiop rate in seconds per
car. The TPS uses a prapagation rate of 0.10 seconds per car.
For a current velocity of V1, Equation 35 reduces to

d {(prop)} = 1.467%tp*N*V] {36)

The TPS uses the following approximation for braking distance,
vhich is intended to allow for brake pipe propagation time and
brake application rate.

d(brk) = 1.3%[70. 14*W*(V1%%2 - Y2%*2) /(Fb+R} + d (prop) }
_ (37)

The distance d {prop) is evaluated by Equation 36 only far the
first iteration immediately after the brakes are applied.
After the first iteration and for all subsequent iterations
until the brakes are released 4 {prop)=0.

3.7.3 Braking Time - The guantity -~ {Fb#R) can be substituted
for Fa in Equation 30 to get the braking time.

t = 95.65*W (V1 - V2) /(FD+R) (38)

The time, assuming no deceleration, hefore the last car semnses
a brake application is

t {prop) = tp*N (39)

The TPS uses the following approximation for braking time,
which is intended to allow for brake pipe propagation time and
brake application rate.

t (brk) = 1.3%[86.00%E*(V1-V2) /(Pb+R) + t (prop)] (40)

The time t(prop) is evaluated by Equation 39 only for the
first iteratiqn imnediately after the brakes are applied.
After the first iteration:and for all subsequent iteratioans
until the brakes are released t(prop)=0.

o~
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4, . USI®c THE TPS PROGEAM

This sectiorn describss Eriefly hovw the TPS is rum op the TSC
DECsysten-10. It is assumsd that the user is familiar with
" the common DECsvsteaazﬁ Bonitor coznands, and procedures for
"logging im and out of the systesm. Some knaﬁle&ge of Fortran
format specifications Ekll be helpful but is not necessary.

5.1 The Compuler Eﬁv1r®ma@nt

The TPS proegram is written in PORTRAY and is coppiled under
DECsYsten=-10  Fortran=10Q and lcaded vwitk LINE~10. It resides
in the TPs Adninistratom’s disk ares. The ezecutable core
‘image £ile eccupies 130 disk blocks amd wvhen copied into core
reguires 35 verds of storage.

4,1.1 Tenporary Files - Certain processed data rTeguired by
the fTP3 1is stored in tenpotary files in the user®s disk area
{(DSEz) while the ¥PS is <gsinning. Because these temporary
files have fized papes, the TPS should not be run by more #han
one user icgged im under the sa®e project-programier nuaber.
These files ars deleted sutonatically by the TPS when they are
no longer pesded and are therefore noermally ianvisible to the
usaer. '

4,9.2 Track Daia Care Storage - Hoddfied versions of ‘the TES
exist wkhick &0 not store track data ©op the user's disk but
instead store it iz care. This d=creases execution tinme
51qn1flcanbly ip. exchaage £for a larger use of core. These
versicens are linited in the panber of track data res@rds they
.can store and use adélumsaal core as follcﬁs. . :

PﬁOGBAH EAXIRTH , ADDITIOEAL
HAHEE ‘ RECORDS CORE UGSED
TPSA : 200 5K
IPSB 006 28K
TPSC 26060 ‘ 3K
IPSD eniimited noze
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4.1.3 CPU Time =~ CPU time for runpning a TPS job can vary froz
a few seconds far a siaple job with {just one traim rum over a
very short route with pe changes enrcuate to one minute or more
for more complicated jobs with a dozenm runs and a few changes
enroute. It is sometimes advisable, therefore, to rumn the TIPS
under Batch Coantrol for the more involved cases. CPU costs
for a TPS job typically range between $1.00 and $70.00
depending upon the number of trains and the number of records
of track data encounteried.

4.2 Stored TPS library Data Base

The TpS from time to time makes use of data stored in disk
files wmaintained by the PSS Administrator. These files
constitute a TPS Library data base and are updated as anevw data
become avallable, All are uwritten in ASCII so their contants
mnay be examined op a line printer.

4.2.1 Stored Route Segments - The TPS Library data base
includes a set of random access disk files of stored track
data which currently contains data for a nuaber of U. S.
railroad main lines and branch lines. Other routes are being
added as they become both available and useful to the TSC
comgunity. Many track data files may be wmaintained for
special purposes by aither a TPS user or by the TPS
Adminikstrator.

4,2.2 Standard Through EKoutes - Train routes are usually made
up from a number of route segméents. To make the coding easier
for some copmmonly used routes, a random access disk file
contains pointers to the proper segments in the track data
files. Standard Through Routes are specified simply by a
single numeric code. .

4,2.3 Standard Locomotives - Data for a number of comrmon
locomotives are maintained by the TPS Administrator ia a
randon access disk file. This file contains all the data
needed by the TPS to characterize completely each locomotive
including pointers to the tractive effort data. Standard
locomotives are specified simply by single numeric codes.
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4.2.4 fTractive Effart Data - Tractive effort data - for
standard Loconotives whick follay the typical hyperbolic curve
are calculated by ths <£PS using an appropriate algorithm.
some locogotives, howsyer, 4o not have ®iypical® tractive
effort curves. In this ca=z pointers direct the TPS to «rsad
tractive effoprt valuzs in dncrezents of one mile p=r kour froa
another randos access disk file im 3z ¥PS Admipistrator’'s
disk  area. Caston Lecanotives may alse uss datz from this
file or ths conplete s=t of tram‘zva effort values may be
1nclnded in the TPS input data. ‘

4,3 .Input Data File

Before the TPS can rut gny trains, an Inpadt Data File must be
created in the wuser's disk area which specifies the kind of
output desired, the routs to be travelled, the number of runs
to be made over the roubes, the trazin consist for each run, and
various other paransters of the job. TFke name @f the Inpub
" Data FPile is selected by the user, and begomss the name of the
TPS job and is identified on all prindtounts. ‘

4.4 Output Data

" The TPS cutpet is vwritten ante thres files o the user's disk
{DSK:) . The file name of all cutput files is the same as the
name of the Input Data Bile {aisc the TPS Job mane). File
name extensions vill differ depsndipg upgn the type of output
file., The output files are describsd §in the next three
secticns, Saaples of oubput are shovi ig ippendix R.

4.4.% Printout File - Is always written, even though it =may
be nuil. It is the principal cutput £ile and contains:

1. Prack data listing (if emabled):

2. Summary Printost eor  Detail  Primtout {unless
" disabled); :

3. Tonpnage Rating Report (if emailed)
4, Bun Sumnaries {unless printout is disabled):

5. Throttle position Summaries {if emabled);
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6. Velocity Range Summaries (if enabled); and

7. TPS error sessages, if any.

4.4.2 Table File - Is always written, It contaias:
1. Copy of Input Data Pile with column headings;

2. Run Suamaries;
3. CPU time and cost reparts; and

4. Acceleration tables (if Plot Data is enabled).

4.4.3 Plot Data File -~ Is written only if epnabled. This file
is designed to be used as input to a separate plotting program
to provide graphical TPS output.

4.4.4 ERun Summaries - Run Summaries {total time and distance,
average speed, and total enerqgy used) are always written in
both the Table file and at the controlling teraminal. They
vill also be written im the Printout file if either a Summary
or Detail printout is specified.

4.4.5 Error Messaqes - Brror messages generated by the TPS
during execution are sent to both the printout file and to the
controlling terminal or Batch Control log file.

4.4.6 Printing Of Output - All output coatains upper/lovWer
case text. Twa general kinds of printout are available. 1A
Detail Printout requires the full 132 column capability of the
line printers but a Susmary Printout will fit on paper 8.5
inches wide, The Table file requires wide paper (the
default).
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4.5 Running The TPS

.once an Input Data File kas besn established, the TPS can be
run using a simple Bonitor command which ¥ill copy the TPS
intoc the user?’s core arez and begin executicn. The PSS will
respond ‘with an intrcduction possibly followed by an update
notice and tken it will reguessdy the user to enter the fall
name {including exisansion) of the Inmput Data File, terminated
by a carriage return. No other TPS Imput is redquired. Thae
TPS cozpletes the job and exitis to the Eonitor. ‘

Once at gonitor level, the user can idssue coamnards to print
the output data or log ouk of the systen.

4,6 The TPS Ps=x's Hanual

A comprehensive ussr®s manval for the USDOT/TSC TIPS is
paintained by ths TPS Rdapinistrator and is revissd from time
to time azs the ne=d arises. It is available tc anyone who has
a sericus interest in using the TPS. It contains the detailed
step-by-step procedure for cresting ap Inputr Data PFile and
" explains how to specify all ef the varicus optiomal features.
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SAMPLE TPS GUTPUT

PAGE
Run Summary » | a-2
‘Timetable _ | : . A-3
fhrcttle Summpary - ‘ A=-4
Velocitv Summary | ; 2-5
SummarY.Printout - , ‘ . . A=8
Detail Printout : B
ionnaqe Ratinq‘Repqxt ‘j A A-8



SAMPLE TP3S OUTPUT

SAMPLE RUN SUMMARY

TPSD 4G (160) 19~-May~78 Job EBTR Train 3EBC Run 1 Page 5

RUN SUMMARY

rRun 1: Freight train 3EBC Sequence No. 2
From Hobart Yard to Barstow via A, T, & Santa Fe
Using Canadian National resistance equation

Power consist begqinning at Hobart Yard
4 Diesel units: SD#5 SD45 SD4S SD4S

Train consist heginning at Hohart Yard
34 cars including 19 loads and 15 empties.

Elapsed time running: 02:33:03 Average running speed 57.20 nph.
' stopped: 00:01:0Q0 Total miles:s 145.9%90

total; 02:3ﬂ:03 Average overall speed 56.83 mph.

Fuel: gallons consumed running: 1203.41
Gallons consumed idling: 0.40

Total qallons coasumed: 1203.81

Cost at. 39.00 cents per gallom: § 469.49

As7



SAHNPLE TPS 04TPUT

Job: PSSBRNY - Train POOY

Simulated

T

From Buffalo

STATION

BEuffalo
Laricaster
cortu
Batavia
Churchville
cnill Jet,
Rochester

E, FHochester
Fairport
Macedon
NewsTk

Lyens

N, wWweedsport
Warners
Syracuyse
Canastota
Rome

utica
Herkimer
Little Falls
Fonda
amsterdagm
Hoffmans
Rotterdam Jo
5, Seheny,
Carman
Karner

W, Albany
Albany
Rensselaer
Schodack Ldg
Stuyvesant
Newton Hook
Hudson
Rhineclif¢
poudhkeepsie
CrotonHarmon
Mo i
dew York

STATION

27=Jul=76
un: Modern passenger trailn poGi
te New yvork via Penn
ising Totten equatien for streamlined cars
TIMETABLE
CLOCK TIME ELAPSED TIME
HRSIMIN HRS«MIN HRSIMIN
LY 10: O LV 0f
LV 10216 LY 03
LV 1032 LV O:
LV 10347 LV o©:
LV 11s 4 LV 1:
- LV ti:=11 Lv 13
11:26 LV 11:29 AR 1326 LV. 13
LV 1t1:40 LV 13
LV 11:44 Lv 1:
LV 11255 Lv 1:
LV 12: 6 LV 2:
LV 12:12 LV 2:
LV tz:28 Ly 23
“LV 12156 LV 23
13314 LV 13:17 AR 3:14 LV 3
LV '13:54 LV 3:
LV 13:¢560 LV
14:17 . LV 14:20 AR 4:17 LV
. LV 14244 Lv
LV 14347 LV
LV 15:11 LV
16525 LV 15:27 AR 525 LV
LV 19:44 LV
LV 15:50 LV
LV 16: 0 LV 6
LV 163 9 LV 6
LV tes14 Lv
LV 16218 LV
16:21 LV 16:41 AR 6:21 LV
LV 16:47 - LV
LV 17+ 1 Lv H
LV 17 & LV :
LV 17:10 LV H
LV 17319 LY 7%
LV 173157 LV 73
18:14 LV 18:19 AR €8:14 LV B8:
LY 19:13 LVY. 92
. LV 19347 LV
193153 AR 9153
"CLOCK TIME ELAPSED TIME
HRSIMIN  HRSIMIN HRS:MIN

AR

AR

AR

AR

AR

AR

AR

SAHDLE TIMETABLE

A-3

Central

HRStMIN

WY B N = I g =

VNN LT OIS

U e (A A B
i =3 "

9¢47

HRSEMIN

Run 1

PRSSING
SPEED

0
50
50
50
50
50

~ PASBING

SPEED

Page 4

MINUTES
STOPPED

20

MINUTES
STOPPED



SAMPLE TPS OUTPUT

SAHPLE THROTTLE STUMMARY

TPSD 4G {160) 19~May-78 Job EBTR Train 3EBC PRun 1 Page

ELAPSED TIME IN BACH THROTTLE POSITION

Run number 1 Train 3EBC
From Hobart Yard to Barstow via A, T, & Santa Fe

Locomotive consist SD45 SD4S SDUS SDUS

THROTTLE % OF RATED ELAPSED % OF TOTAL FUEL
POSITION H.P. AVAILABLE TINE . TIME USED

BRAKE 0. 0 kr 16.08 min 10.44% 6.43 gal

1 0.- 5. @ hr 0.00 min 0.00% 0.00 gal

2 5.- 12. 0 hr 2.43 min 1.58% 2.68 gal

3 12.- 31. 0 hr 35.23 min 22.87% 78.99 gal

4 31.~ U6, 0 hr 15.31 pin 3.94% 85.96 gal

5 46.- 59. 0 hr 0.66 Bin 0.43% 4,50 gal

6 59.= 74 0 hr 4.69 min 3.04% 38.09 gal

7 T4.~ 89. Q hr 17.97 min 11.67% 197.63 gal

8 89.-100. 1 hr 0.66 min 39.38% 769.12 gal

1DLE 0. 0 hr 1.00 min 0.65% 0.40 gal

TOTAL 2 hr 34.03 min 100.00%  1203.81 gal



SAMPLE TPS OUTPUT

'SAHPLE VELOCITY SOHEARY

TPSD 4G {160} ~ 19-May-78 Job EBTR ° Traim 3EBC Run 1 - Page 8

ELAPSED TIHME TIN EACH VELOCITY RANGE
Rup pumber 1 - Train 3EBC
From Hobart Yard to Barstow " Vvia ﬁ, T, & Santa Fe

Locomotive consist  SD45 SD4S SD4S SD4S

. VELOCITY ELAPSED % OF TOTAL FUEL

RANGE TINE TIHE USED

0 - 10 mph 0 hr 1.51 min 0.98% 1 2.06 gal
11 - 20 mpk 0 hr 0.64 min 0.42% 4.77 gal
21 - 30 mph 0 hT 74.46 min 9.39% 182.87 gal
31 - 40 mphk D hr 28.07 min 18.22%  361.99 gal
41 - 50 mph O hr 3.98 minm - 2.58% 46.59 gal
51 - &0 mph 0 hr 5.75 min 3.73% 69.78 gal
61 - 70 mph 1 hr 39.862 min 64.68% 535.75 qal
TOTAL 2 hr 3%.03 min  100.00%  1203.81 gal

_ ﬁ@gkﬁj
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SAMPLE TPS OUTPUT

SAMPLE SUMMARY PRINTIOUT

Jobs PSSRNY Train PGO1
MILE ELAPSED

STATIOM pOST MILES TIME
Buffalo 437.1 0,00 0: 0,00
Lancaster 429 .1 8,00 0:15,58
Corfu 415 ,2 21,92 1:32,29
Batavia 403.1 34,00 0:146,78
Churchville 3u8.4 48,70 1: 4.42
Chili Jct, 382.6 54,53 13111,.41
Rochester 371, 66,00 13:25,86
Roechester 371,1 66,00 1:28,86
E. Rocnester 362,8 74,38 1:39,.81
Fairport 359 .4 77.70 1:43.79
Newark 341,0 96,15 2: 5,94
Lvons 36,0 101,15 2:11.,94
/ N, Weedsport 323,1 114,00 2:27,84
warners 300,0 137,11 2:56,39
Syracuse 285,7 151,41 3:14,36
Syracuse 285,7 151,41 3:117.36
Canastota 256.,4 1RQ_,73 3:154,03
Rome 251,6 185,56 3:15¢,82
« Utica 237.4 199_73 4:16,92
Utica 237.,4 199,73 4:19,92
Herkimer 218.1 219,05 4:43,79
Little Falls 215,2 221,94 4:47,25
Fonda 195,88 241,33 5:10.52
Amsterdam 184,2 252,98 5:24.70
Amsterdam 184,2 252,98 5:26,70
Hoffmans 170,0 267,11 S5:44,43
Rotterdam Jc 159,6 269 _92 5:50,05
S, Scheny, 152,4 277,15 6: 0,05
Carman 156,5 281 78 &: 8,75
Karner 152,0 286,23 6:14,01
W, Albany 146,7 291,53 6:19,31
Albany 145,5 262,73 6:120.85%
Alpbany 145,5 292,73 6:40,85
Rensselaer 142,5 295,73 6:46,61
Schodack Ldg 130,5 307,73 7: 1,02
Stuvvesant 125,9 312,33 73 5,62
Newton Hook 122,0 316,25 7:10,32
Hudson 118,0 323,70 7:19,32
Rhineellft B7.5 354,24 7:56,74
poughkeepsie 73,1 368 60 B8:14,19
poyghkeepsie 73,1 368 _60 8:19,19
CrotonHarmon 32,2 409,55 9:13,20
MO 5,9 435_.89 9:147,43
New York 3.0 439,14 93153,07

27«Jul=76
MPH MPH
ACT LI
0,0 30,0
50,0 50,0
50,0 50,0
0.0 50,0
50,0 50,0
50,0 50,0
0,0 45,0
0.0 45,0
50,0 50.0
50.0 50,0
50.0 50,0
50,0 50,0
50,06 50,0
50,0 50,0
50,0 50,0
0.0 30,0
0.0 30,0
50,0 50,0
50,0 50,0
0,0 50,0
0,0 50,0
50,0 50,0
0,0 50,0
50,0 50,0
0.0 50,0
0,0 50,0
30,0 30,0
30,0 45,0
45,0 45,0
30,0 60,0
60,0 60,0
50,0 50,0
0,0 50,0
0,0 50,0
25,0 25,0
60,0 60,0
50,0 50,0
50,0 50,0
43,0 44,0
50,0 50,0
0,0 50,0
0,0 50,0
35,0 35,0
35,0 35,0
0,0 35,0

Run 1

CLOCK
TIME

10:00:00
10:15:35
10332317
10246247
11:04:25
11:11:25%
11:25:51
11:28:51
11:39:48
113;43:48
11:54:55
12:05:56
123112586
12¢27:50
12:56:213
13:14:22
13:17:22
13:54:02
13:59:49
14216255
14:19:55
14:43:47
14347315
15:10:31
15:24:42
15126342
153144326
15:50:03
16:00:03
16:08145%
16314:01
16:19:19
16520451
16:40:51
161456336
17201301
17:05:37
17310219
17:19:19
17:56:44
1831431}
18:19:1¢
19:13312
19:47:26
19:53:04

Page 2

FUEL
{(GAL)

0.00
21,04
50,99
66,75
75,16
80,90
93,33
93,33

106,24

114,77

126,30

136,94

143,63

161,09

196,44

213 66

213,66

259,90

265,80

281,77

281,77

311,58

314,80



SAMPLE TPS OUTPUT

' SAHMPLE DETAIL PREINTOUT
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SEQ

NG. M

G4

SAMFPLE TPS QUTPUT

SAMPLE TONNAGE RATING REPORT

TPSD 4G{160) 15-Kay-78 Job EBTR Train 3EBC Run 1
TONNAGE RATING RUN NUMBER 1
From Hobart Yard to Barstow via A, T, & Santa Fe
With 4 units, including:
SD45
5045
sSD45
5D45
Horsepawer: 1440Q.
Adhesion limit: 0.230
tons per car: 64._667
GRADE GRADE MIN TRAILING KO. OF CARS TRAIN
ILEPOST FOOTAGE SPEED HP/TT TONS T0T 1D HNT LENGTH
62.0 L4 8843. 20.00 54302 2716. 42 24 18 2364.
62.0 453372. 19.00 54179 2781. 43 24 19 2414,
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