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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 Transportation Systems Center lTSC)
of the U.S. Department of Transportation and to provide enough
information to assess its usefulness~

The basic simulation program ·was developed for Missouri Pacific
Railroad Company (MoPac) by R.W. Dru~ker while a graduate student
at the University of Illinois and by staff members of the
Industrial Engineering Division of MoPac. It has been extensively
modified by TSC to provide for many additional features, particu
larly relating to electric propulsion and passenger service,as
well as to provide more flexible inp'4t and putput options which
take advantage of the capabilities of the TSC DEC system-lO
computer system and which reflect the broader needs of the Federal
Railroad Administration.

This report is based in part ort 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
simulator have been supported by the freight Service Division of
the Office of Research and Development, Federal Railroad Admini
stration. The Passenger Systems and facilities 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. Teague, and H. Landon of Kentron International Limited. The
author is grateful to Dr. J. Hopkins of TSC for his valuable
counsel in organizing this report.
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TaB USDOT/TSC TRAIN PERFORMANCE SIMULATOR
INTRODUCTION TO TRAIN PERFORMANCE SIaULATION

1. INTRODUCTION

A Train Performance simulator (TIlS) or Train Performance
Calculator «TPC) is a computer program v~ich simulates the
operation of a train aver a rail~ay ronteQ It has become a
useful tool for many oftha larger railroads; most of which
have developed simulat~D£ to sait their o~n ~eeds and c~puter

system capabilities~ The TPS in.use at the Transportation
SystemS Center (TSC) of the De S. Department of
Transportation was originally developed by a railroad
(Missouri Pacific) for its o~n usee It has been adapted to
theTSC DECsvstem-10 cGmputer and has been modified to expand
its capabilities even further.

This introductory sectio~ discusses the geaeral
characteristics and fea~uresg a~d the basis fqr ·the
mathematical modelg for any TPC and ior the USDOT/T,SC TPSc
Technical detail is kept to a minimum in this sectio~ as tiell
as in sectioZl 2.. which describes· the op.srating cYcle" or
iterative process~ The details of bhe mathematical model are
presented in section 3 for the more technical reader. Section
4 discusses the cp~pute~=re1at~d and user-related features and
describes the various output forms. Samples of output are
provided in the APpendix.

The ~urpose of a Train Performance Simulator is to predict or
replicate the mO'Jeme nil: of a train along a given track. The
results of snch a program are con~ai~ed in tables or graphs
that sho~ the speed J time" distance" energy or fuel
consusption g and throttle posi~ions as the train moves along
the route. Additional information about the route, such as
qrades ... curVes" milepostls" and speed lim:its may also be sho~n..
A TPS mar be used to:

1. Determine the scheduled operating time for a train.

2. Determine the motive pOlffer nEcessary to make a run in
a given amount of time..

3. Determine the effect of adding (or dropping) a
locomotive unit to (or from) the train.

4. Determine the effec~ of adding (or dropping) tonnage
to (or from} t.he trai~.

5. Sho~ the effect of a track relocation or
recQnstrucbio~ (which elimin~tes or reduces grades or
curves) upon the operati~g speeds, motive power
requirementsu and energy consumption.

1.····



THE USDOT/TSC TRAIN PERFORMANCE SIMULATOR
INTRODUCTION TO TRAIN PERFORMANCE SIMULATION

6. Compare the operational problems presented by various
proposals for a qew line.

7. Deterlline the effect of eliminating or introducin(j a
speed restriction or statio, stop.

8. Determine ton.naqe ratings for a route based on a
train operatiqq over the ruling qrade at a specified
lIinillulI speed.

9. Compare runs over different routes.

10. Compare results from
resistance formulas
model).

the use
(i. e.J

of
vary

different train
the simulation

1.1 General Characteristics Of A TPS

1.1.1 Input Requirements - 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 constitutes one
record of track data. A group of records, usually beginning
at one station and endiqq at another (not necessarily the
next), constitutes a route seqlleat. The TPS vill link
together a number of such seqaents a~d run a train with or
without. stops from one end to the other.

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

1. A record is required where speed limits change.

2. A record is required at every significant ckanqe in
gradient.

3. If possible, a record should be coded for the
beginninq and. end of every curve; but where curves
occur in frequent succession,.it may be desirable to
code only one record at the beginning and end of
several curves a~d enter ~n averaqe value for the
curvature.

2



THE USDOT/TSC TRAIN p~RFORa!ECE SIMULATOR
INTRODUCTION TO TRAIN PERFORaANCE SI~ULATION

4. A record is regnired for each significant station,
jnnction~ or inspection stop.

1.1.102 Train Data - When the rou&e has been described,
information about the brain is needed in order to run it 3ver
the rout.e.. The length and type of. cars in the train deteriline
the aerodynamic forces ac"ting on theme For example., short low
flatcars and gGndolas will offer much lo~~r aerodynamic
resistance than hi-cube boxcars and l.oaded TOFC cars, and the
effects at hiqher speeds ifill he siq~ificant.. '!laecar weight
and number of axles de~~mine the resistance f~om friction in
the bearings and flanges and from rolling contact. The
locomotive characterismcs required are t.he data on tDactive
effort capabilit.ies.. and t.he fuel or energy rates bot~ idling
Ce .. ti.. qallons per minut.e) and rU$JIling (ee q .. , gallons per
horsepower=hour) • .

1.1.1.. 3 operatinq Scenario - When a rout.e and a train have
been described" the 5lPS can run· a train over the r~ute.,

However, a TPS usually Clan pro:uide f01: additional variations
from the normal opexati~g conditioDSo such as:

1.. Starting time ..

2. Alterations to the rou~e (grades, curves, etc.)

3.. aore or fe~er stops and different stop times..

thosefromlimits4.. Teaporarv cha~ges in speed
specified in the track da~a.,

5. Changes inconsis# (l~omotives and/or cars) at stops
enroutee

6 .. Adhesion ratio variation for bad 1lieather(tiet rail),
or ~orst case.

7. prevailinq windsq both veLocity and direction.

8. Modification Qf resistance characterist~cs to account
for unusual cars or locomotives..

3



THE USDOT/TSC TRAIN PEBBORMANCE SIMULATOR
INTRODUCTION TO TRAIN PERFORMANCE SIMULATION

1.1.2 Basic Model (Alqarithms) - The fundamental mathematical
model for a train is based on simple Newtonian laws of motion.
The forces involved are those due to train resistance.
locomotive tractive effort, and brakinq.

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

1. Rollinq frictioaresistaoce is proportionaL to the
weiqht and independent of velocity.

2. Bearinq friction resistaace is proportional to
number of axles but independenb of weiqht
velocity.

the
and

be
are
the
for
J.

of a

3. Flanqe frictiop resistance is proporltional to weiqht
and velocity.

4. Aerodynamic resistance is a function of size and
shape and is proportional to the square of the
velocity but iQdependent of the weiqht.

The train resistance due to qradients and curvature can
added conveniently to the resistances liste~ above. Both
independent of velocity but proportional to weiqht and to
qradient or deqree of curvature. The basic equation used
train resistance was foraulated in the 1920's by W.
Davis*. EXilressed ill pounds of force, the resistance
sinqle rail car is

R = F*W + 20*q*W •• 8*c*W + b*n + f*V*V + K*(V**2)

where
b
c
f
F
q
K
n
V
Ii

***

is the bearinq triction coefficient
is the curvature in degrees
is the flange friction coefficient
is the rollinq frictio~ coefficient
is the qradient in percent
is the air resistance coeffioient
is the number of axles
is the velocity i~ miles per bour
is the car weiq~in tons
indicates aultfplication
indicates expoqentiation

-------------------------------------
* W. 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
determines the resistance fo.rce
required to overcome the force will
product of that force and the
locomotive horsepoNer reguired to
shape at appreciable speed will be
the velocity..

Equation as stated he~e
of a rail car. The pover

be proportional to the
velocity. Therefore" the

pull a given aerodynamic
proportional to the cUbe of

Davis determined values for the coefficients which were
considered accurate for the rolling st.ock of his daVe i!iore
recent t.ests have supported the use of' alternative
coefficients which are often used*.

101 .. 2.. 2 Tractive Efforb - Tractive effort is the force which
a locomotiwe exerts atI the driving wheels to move itself and
its trailinq consist., It is limited bV the pq~er available
from the traction matorsg bV the velocity. and by the adhesion
charact.eristics of the wheel-rail interface.. For a given
locomotive horsepo~erg a typical tractive effort curve is a
hyperbola of the qeneral form

'.DE = 37S*E*HP/V

where
E is an efficiency factor
HP is the loc9mative ho~sepo~er

V is the velocity in miles per hour
TE is the tractive effort in P9unds

1.,1.2.3 Braking - When the train needs to be sloved because
of a speed restriction or station stoPll1 brakes are applied.
This results in a retarding force at the wheel-rail interface
of all locom.otives and cars iiiJ, the train which is adhesion
limited but which acts as an additio!'4al resisting force. The
force applied is a function of brake system parameterss time ..
velocity" and weight of lading.,

-------------------------------------* American Railwav Engineering Association, "AREA Manual for
Railwav Enqineerinq"u Chapter 16 q Part 2~ 1970.

5
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1.1.2.4 Acceleration - If the forces due to train resistance,
tractive effort, and brakinq are in balance, the train viII
remain at constant velocity. However, if they are differen t,
tbere will be an accelerat.ion(or deceleration) resultipg from
the familiar F=m*a of Newton. The aaceleration viII be equal
to tbe algebraic sum of the forces divid~d by the maSs of the
train.

1.1.3 Output - since a TPS may be used for different
purposes, the output needs to be flexible. Some USers may
want only a timetable lisbinq, others may want merely the
total running time. Other possibilities are instantaneous
speed at every time or distapc~ intenval. average speed for
the whole run, drawbar pull, acceleration, throttle notch
settings, and brake application or release. users interested
in energy consumption may yant tpcremental energy used at
every time or distance inberval or jnst the total for the run,
expressed as kilowatt-hours or qallo~s of fuel or even as CQst
in dollars.

Obviously all these data cannot be displayed in a single
fQrmat which will be con.enieD~ fo~ everyone. Therefore a TPS
should offer a variety of alternative putp~ts differing in
degrees of complexity and whiCh can be specified simply.

1.2 The USDOT/TSC TPS

A TPS can be designed with any degree of sophis~ication,

depending uPQn the form and accuracy of the input data and the
desired use and accuracy of results. The USDOT/TSC TPS is a
relatively complex example. It incorporates all.of the
capabilities described above. In 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. It aas ~ail~-ia t&efaal~t yalues tOL almost every
conceivable parameter, inclUding ~he complete specification of
a train. Unless othenvise specified, a freig~t train pulled
by three GP-3S's and cOQSi~inq of 40 loaded cars and 29
empties, alISO feet loqg, with 3684 gross trailing tons, will
be run. One compater run, called a "job", can run up to 99
di fferent trains over a route, with changes enroute to the
qrades, curves, stops, speed limits, and train consist.
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.
1.2.'.1 Ronte Data - Track data may be read either from a
previouslV prepared data base or from the input data. stops,
curvat urell' gradient.s.? an;d speed limits can be changed during a
train run and will be restored automatically for the next
train. The train can be made to start: and end its run
virtually anvtihere along the track.

1.2.1.2 Train Data - Conventional f~eight or passenger trains
may -have up to nine locomotives and any number of cars.
Multiple-unit. passenger trains may have up to 18 carso any
number of which may be unpo~ered. EnergV sources may be fuel
(diesel-electric_ diesel-hVdrauliog or turbine) or
all-electric. Data is maintained in a ~PS library data base
for virt.uallv all co~m~n locoE:lotives" including complete
specification of the trac~ive effo~t curves. Non-standard
locomotives may be specified easily. The data required are:

1. Weight in tonsi

3. Rated horsepo~er.

5 .. Running energy rate in gallons
(or kila~atts pelO horsepolier).

horsepo~er-hour
~. ~

6. Idling energy Date in gallons per
kilot:1atts~, and

7. Transmission efficiency.

minute (or

axles
can be

The standard tractive effort curve will be computed by the rps
unless an indicator is included with the locomotive data 8

which al1o~s for non-standard tractive effort data to be
specified simply as a table of ~aetive effort values at
increments of pne mile PSI! hour ..

The car length will be 50 feat and each will have four
unless other~ise specified.. Freigh~ car consists
specified in eight diff~eLt tiiays:

,. specify nothing 3 yielding ~e defaUlt consist: 40
loads., 29 emp1=.iesq 3684 gross trailing tons ..

2. Specify the to~al number of carse The TPS ~ill

assign 58% of them as lpads and 42% of them as
empties with a verage ii~ight of 53.4 tons..

7. '
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3. Specify the nUllber of lo,ds and empties.
will assign veiqh'ts Ai of 72.5 and
respectively. '1

The TPS
27 tons,

4. Specify number of loads aDd empties and
trailinq tons.

gross

5. Specify number of loads and empties and total weiqht
of lading. -rlre ~PS .ill assiqn a liq ht weight of 27
tons to each car.

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

7. Specify the nUmber of loads and empties and the
we iqhts of each.

8. Specify all parameters individually for every car in
the train by supplyinQ thell directly.

Passenqer 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 weiqht, length. and
number of axles are given. Any default resistance
coefficients may be overridden. A multiple-unit train is
specified as if it were all locomotives. The TPS gives tbelll
tile propett tractive effort charaeteriistics while treating them
in all other respects as cars.

1.2.1.3 Kodel - Five train resistance equations are built
into the TPS. The default equation will be Davis modified by
Tuthill*. but any of the others may be specified easily. The
qradient and curvature terlls are identical and are omitted
here. In the equations below:

L is the car length in feet
n is the number of axles
R is resistance of a single, car in PQunds
V is the velac~ty in ailes per hour
W is the car weight in toas
* indicates lIultip1ication
** indicates exponentiation

* J. K. Tuthill. "High Speed Freight Train Resistance".
University of Illinois Enqineerinq Bmlletin 376, 1948.

8
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1. Davis o optionalLy modified by Tuthill above 40 mph.

Note: In ~he ~u~hill modification the eguatio~ is
re placed by a ma..trix of coefficients lihen th.e
velocity exceeds 40m~h.

2. "Canadian NatiGnal~•

.
3. canadian Natio~al -'Erie Lackatianna for TOPC/COpe.

4. Totten* streamlined passenger.

R = i. 3*la .. 29*n+ .Otl5*W*V
+ [.00.05+ .. 060725* (1./10,0) ** C. 88) l* (V**2)

5. Totten nan-str~mlined passenger.

R = 1.3*i + 29*n + .045*JJ*V
+ ( .. 0905+.1085* fL/1 OD) ** (... 7) 1* (V**2)

In addition~ the user may specify inaividual coefficients for
the locomotive consis-t q.x 'the tlCai~ cpnsist. or for each unit
in each consist (i. e. make up cus~m resistance equations).

For accuracy o.n grades., th,;e train is '=.blockedu • The trailing
consist is divided in~o up to 25 bl~~tS of carso Each block
is considered as an independent mass uPQn which the train
forces act... This is paEticuiarly significant in lo~ trains
where part of the train is going uphill while anpther part is
going d01;1nhil1.. The eIj-tire length of the t.r,ai~ is considered
so that no acceleration isper~:d.t;ted until the caboose has
left a speed-restricted Zone .. ,

A simplified explanatio~ of 'the basic iterative procedure is
as fol10~sG The TPS com~r~s the present train spesn to the
speed liait.. If traccive effo~ is aYailable in excess of the
train resistancGw it ~i~l be applied SUbject t.o the adhesion
limit.. The velocity wilJ1. be inCrE;:1e~'ted and th,e ti me and
distance -to achieve the veloqi.t.ycba~~ will be calcu1.atedand
incremented.. The user nas ~~e ability to override the default
velocity incremer!i: of 1.0·· mile PEr hour. If the train is

-----------------------~-~~~-* A. I. Totten q "Besistance of Light weight Passenger
Trains~9ll' Railti'ay Ages Vol.. 103~ July: 11 ,1 1937..
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already at speed limit, then the distance is increased by 528
feet and the new time is calculated.

The TPS loOks ahead 30 track records for speed limit
reductions and calculates the distance required 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 variation of brake shoe friction coefficient with speed
are both taken into considera~ion. once deceleration is
called for. the velocit, vill be d~c~emented and the time and
distance to achieve the change will be calculated and
incremented.

The model requires the train to atU!mpt to accelerate to and
run at the speed limit whenever possible. This could be a
serious constraint vere it not for the fact that the user can
modify the speedlil8its at vill anywhere along the track where
there is a data record. The TPS can si.ulate speeds up to 200
mph. Caution is advised, however, in interpreting results of
runs at over 80 mph, due to uncertaiqties in train resistance
at the higher speeds.

1.2.1.4 output - The user has a cho~ce of Summary or Detail
Printout. The SU.llary Printout contains a line only at
stations along the route and inclUdes Only location. time,
speed, and energy informat.ion. The Detail printout contains a
line every time the speed changes bV one mile per hou~ or the
distance is incremented by one mile. In addition to all the
information from the Summary Printout, a Detail Printout gives
tractive effort, dravbar pull. throttle notch, and
accelera tion.

Both printouts give a complete description of the train
(length. veight. horsepqv~r. resistanse coefficients, etc.) at
the beginning and both qive a Run Summary (total time and
enerq, and averaqe speed) and a timetable at the end. A
Throttle position summary and a Velocity Range Summary are
available as options tQ both printoubs. Another output option
is a file of values at each iterative step which can be used
later bV an~~he~ ~roqra. ~o ~lo± qra~hicalll s~eed, speed
limit, enerQY, elevatioqs, grades, OD curvature against time
or distance.

10
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1.2.2 Limitations - The na~ure of the model creates some
limita tions"

1. Velocity initia1ization is not permitted. The train
music depart the originating station at zero speed. and
arrive at the dss~ina~ion s~tion at zero speed.

2. If wind effects are desired~ the w~nd velocity and
relative direction must b~ c~stan~ for the entire
run.

3. Tne train may not be handled exactly as a real
engineer might do it.. For instance q in some
situations a real enqineer might apply brakes lightly
while applying power just to keep his train
nstretched~. This weald be difficult to model.

4. The TPS is ultimately limited by the accuracy of the
t.rain resistance model.. Plost models were developed
many years aqo,,: and are generally considered to be
valid only below about 80 mph. Only recently has
there been a rene~ed interest in developing accurate
resistance models, primar11y for use in simulations
of high-speed passenqer ~rainsc

5. Tractive effort is applied in a continuous curve q not
quantized bV notch setting.

1.2.3 Future Modifications - The
described above apply bo the
possible modifications inolude:

features and limitations
TPS currently in use at TSC.

bydeterminedvalues1. Discrete tractive effort
throttle notch settinq ..

2. Ability to oveDride the default parameters in the
braking algorithm..

3. Optional additiQ~ of dynamic braking.

4. Built-in car library data base; callable by code
numbers..
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1.2.4 Interpretation Of Results - Coaparisons of simulation
resUlts with actual pe~f~mance kaye shown that the simulator
reproduces the move.en~ of the train with reasonable accuracy.
Results should be thought of as an estimate of the minimum
runninqtime over the selected section of track for a train
with the specified aative pGwer and consist characteristics
and considerinq the speed restrictions and stops imposed.
Normal stQPpinq times for inspections and crew changes are not
usually included in the pDepared traak data and the TPS does
not automatically include the random delays such as meets and
mechanical failures incurr$d by freiqht trains. When applying
the simulator to scheduling applications, additional time
should be allowed for t.ese delays. by either adding them to
the TPS results or by specifying ~he. in the input data.

~2
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2. OPERATING CYCLE OF TaB TPS PROGRAM

The "run cycle" of the TPS program actually computes the
movement. of a train.. Before "this cycle may be beguill g

inforlllat.ion(supplied by the user) must be read specifying:

1. The rout.e w which tells bhe program which track
records lll if ati:y 8 are to be re.l1ilpvedfrom thie disk and
stored during ~e couttse of a jO~3 ~nd the order in
which th.s reco!!ds'mtlsi: be remoVed;

2.. The locomotives.. which tel:is the program hOlli to
compute the tractive effort a~d 1ocomotive resistance
at each speed : and

3. The train cODsjst" tihicht.eJlls the progras tIre weight
and length of the trainq which is necessary to
compute the train resist.ance ..

After the necessary informauion has been read, the TPS
examines the train and divideg it into blocks of cars to more
accurately determine ~he forces involved. particularly
important in long trains.. The maximum number of blocks is 25.
If the train is longer 'bhan 25 carsl'l 1;.0 block can have less
than tvo cars" 111 blocks have the same number of cars except
the last block, wbich may have a dif~erent number if required
to account for all of the!ilQ Trains vith 25 or fewer cars will
be blocked one car 'Per block.. "" P.!ultipie-unit trains are alva ys
blodted one unit." per block.. The cycle proce,eds in the
follo~inq manner:

4. calculat.es tractive effort of po~er consist at
present. speed 10 mph at s~artj;

5.. Calculates trai.n resistance based on t.rain weight. and
flange and air resistance coefficients (i~ut) and
present qrade and curve track characterist.ics;

6. Calculates force available (tractive effort minus
resis~ance). a~d

-:;... ~ "

A. If force availab~e is pqsit.ive and:

1. Spead limit is higbsr than prese~t train
sp~d: calculat.es distance and time required
to accelerate to a ne"5' speed higher than the
present speed bV the amount of the
incremental velocity;
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2. Speed li.it is ab present
calculates time required to
distance at present 'speed :

train speed:
Ilove 0.1 mile

3. Speed Ii.it is lover than present train
speed: calculat~s distance and tille required
to brake to a new speed lower than the
presenb speed by the amount of the
incremental velocity:

B. If force availab1e is zero and:

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

2. Speed limit is lower than present train
speed: calculates distance and time required
to brake to a new speed lower than the
present speed by the amQunt of the
incre.ental velocity:

c. If force available is negative and:

1. Speed limit is hiqher than or at present
train speed: calculates distance and time
required to decelerate to a new speed lower
than the preseQt speed by the amount of the
incremental velocity:

2. Speed l~mit is lover than present train
speed: calculates distance and time required
to brake to a new speed lower than the
preseD~ speed by the allount of the
incremental velocity:

7. Adds the distance andtiae determined in 6. to the
totals already established (Which the train has moved
previously) aad raises or lovers Vbe speed by an
amount equal to the iter.ative velocity incre.ent
unless the train has .aintained a constant speed;
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8. If the trains in moving t~s distance .. has encountered
a tracJ{ recordDwhich usually indicates a change in
gradeiii' curvatarde,,! or speed limit.. the moveln!ent is
abb1t'~viatea so uat. it aces not miss any sudden
chanqes . re£leGt.~ in i:he· ne~ record.. The tiae
Deguired is reduced pm~oJ:tip]la1:e1y to t.he distance,
bE:!!: ,t.he· ne!fl-tJl':ain ·s!)'~'.'9a -re~d:1lis·in Mfect.,; The train
·haS~ctuallV ace~~t;etl OD" d-$ce1eJ:lat~-by an amount
egual ~othe iterative v<5;16city increEle~t in a
fract.ion of 'bhe· diszance and tims which; l!oriii1ally
would be regui:oed.. usin9 th~progra.m default value
of 1.. 0 ilp~fG1: 'tile velocit:tj' incremerrt can result in
significant ru~inqtim$ vaxZatdons on runs wi~h only
sliqhtlv different cODsis~ characteristics when the
track being si~latea has many qrades and curves
(causing t.rack data rEcords tio be closel,y spaced) and
&1hen the train is acce·lera'ting or decelerating
frequent.l V.. 'This p.roqram characteris~ic has no
effect onaccuJ:'ac::y· whe the tIain is movinq at a
constant speede)

9. If the rear. ofth.;e train has
track record st.ill storedl
re;:noved from men:o.I:'il and a netii
ahead of the train.:

passed the rear-most
in· the computer, it is
track record is read in

10. If the ne~ track record ind~cates a reduction in the
speed 13.l'ilit ox a stop at. a locatio:n of the track
reco1:'dJl' the pr~ramdErtero~esthe distance reqeired
to brake the train from its .pre~ious speed to the
desired speed and s~ores this information as an
"art.ificial speed liilit.;;, at ~he point: where the train
should begin braking i so thaw~he train wi~l begin
braking in advance of t.he stop·~ ne1l1 speed limit..

11. Returns to ije to begin the cycle again at the ne~

location ~ith the ne~ informat.ioIic

Final!v, the general program stores certain information at
selected locat:ions for asa in printing summaries and a
timetable at the end of the rtln w as w~11 as the accumulateCl.
energv consumption informatioDo
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3. MATHEMATICAL DESCRIPTION OF THE TPS

This section describes jn aa~he.a~ical ~erms the basis for the
calculations made by· the TPS in sillulatinq the running of a
train. The train is expe~ed ~o follow New~onian laws of
motion.

3. 1 Notation

Following is a list of all the variahles used in this section.
As a general rule adjacent letters in equations are part of
the name of a single var~able. Variable nalles are alvays
separated by a lIatheaat.i:cal operation symbol ("=", "-", "+",
"I", "*", or ".*") on a space. parentheses and square
brackets act as separators also.

a accelenatioa. mph/sec
A cross-sectional area, ft**2
At adhesion force limib, po.unds
AR adhesion latio
Aw wind aqqle
b bearing friction coefficient
B braking ratio
c curvatore. degrees
C air draqcoefficien'b
d distance, feet
eTotten exponel1~

E transaission efficie~cy factor
Eb brake Di~ging efficiency factor
f flange friction coef£icient
fs brake sh.Ge friction coefficient
F rolling friction coe£ficient
Fa force available for acceleration, pounds
Pb braking force, pounds
q qradieqt, percent
G qravitational acceleration, 32.2 ft/sec.*2
BP loc..oll().trl,Yeengine horsepQwer
BPD de-rated locomotive aorsepower
BPR rated locollotive korsepover
t strea.li~eo_£fici~~

K air resistance coefi icient
L car length, fee~

1'1 number of axles on a car
N nuaber Qf cars i~ a train
p brake applica.ion ratio
R resis~aDGe of a rail car, pounds
t tiae. seconds
tp brake pipe propaqa~iQD ti8e, sec/car
T a force, pounds
TE tractive effort, pounds
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v
V
Vair
VB
VI.,
VW
W
wd
We

*
**

3 .. 2 Forces

veloci~y~ it/sec
velacitv. mph
ef(eei;:i,vSl?dr veloc,ity, mph
high-speed break, mph
lo~-speedbreak; mph
wind, veiocitV. mph
weight of .a carg t.o~s
weight ondriveIs;v !tons
e~:pty,qar~?ig;lrtg,tons
means mUlt.~plicatio~

mean.s eXPQ*en~ia~ion

The force available to accelerate a body is the difference
between the propelling force and t.he farce which is resisting
movement., For a t.rain~epropelling force is the tractive
effort provided bV the loccmotiveo T~e resistiIJg force is the
train resistance; in.clUd~g' :grade; curvature.. and wind
resistance.. Brafing force: will be discussed in Section 3.7.

3.3 Tractive Effort

Horsepower (or PQ~er) is the rate of doing work. Wo.rk is
fa rce multi p1ied .bV the dista1"i.¢e through ., :ihich the force acts..
Horsepo~er is defined as '

HP = (T*d/t)/550 (1)

when T is in pounds" d is in fe.-et~ and t is in seconds.. The
term d/t is t.he velocity, v~ in feet. per second.

HP = T*v/55D (2)

The TPS uses the customary units for ve1ocity, v, in miles per
ho.ur. The force is the t.rac;ti ve effort., orE, also in pounds..

HP = TE*V/375 (3)

Equation 3 assumes a transmission efficiency of 100 %..
Diesel-electric !locomotives typically have a transm.ission
efficiency of 80 to 85 perce~t.. Lncluding the efficiency
factor" E" in Equa tion3gives

or

HP = TE*V/(37S*E) (4)



THE USDOT/TSC TRAIN,PElteORMANCE SIMULA.TOR
PlATHEMATICAL DESCR'X'PTION OF THE Tl?S

TE = 37S*E*HP/V

3.4 Train Resistance

Train resistance is .ada op of a auaber of compQnents:

1. Rolling friction Desistance is proportional to
the weiqllt andilldependent of velocity.

2. Bearing friction resistance is proportional to
the nuaber of axles but independent of weight
and velqcity.

3. Flange frictiaq resistance is proportional to
weight and "eloci~y.

4. Aerodvnamic resistance is a function of size and
shape and ispr,oportioo.a1 tQ the square of the
air velocity bet independenb of the weight.

( 5)

rhe train resistance du~ ~o gradients and curvature can be
added conveniently tp ,the resistances l~sted abo"e. Both are
independent of "elocitybUIt prQPor~ional to lIIeiglat and to the
gradient or degree of carvature.

3.4.1 Rolling And Pricbio~ Resistana~ - The rolling friction
resistance is proportioaal to the weight and independent of
velocity. The pr~~Qrti.aality CQeff~ient is F.

R(rolling) = p*w (6)

The bearing friction resistance is proportional to the namber
of axles but indepeqdent of weight and velocity. The
proportionality coefficient is b.

R(bearing) = b*n (7)

rhe flange friction resistanCe is proportional to weight and
velocity. The proportionality coeffieient is f.

R(flanqe) = f*W*V (8)
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3 .. 4 .. 2 AelC.odvnamic Resistance {Wind} - ,The TPS uses a
simplified method far modelinq 1:he tiiiI);Q,: resistance of a moving
train.. picture a train acvinq from ueSt to east at a velocity
V and a steady wind blo~ing~en'E:rallVeast to west. at velocity
vw at a small anqle" Ag.,ttQ the i:rack. The loqgii:udinal and
lateral components of the~nd are

Vw(long) = Vw*cosi~e(Aw)

Vw{lat) = Vw*sine(!~)

(9)

(10)

Ai thougb the1:ateral foree acts along t:he sides of the .cars of
the t,rain in a dir~ctiGn ,perpendilcnlar t.o the direction of
travel", it. tiil1 be e:O.ded to the longit.udinal force for purpose
of analysis and will be assDmed to act upqn the
cross-sectional area of t.he train.. The effective vind
velocitv 'then tHe,c9mes

Vii (efi, = ViU*[ sine U v) +cosine (Awl]

Note that q i~r all posi~ve ang1es less than 180 degress, the
lateral cornponen't is aliiYays posi:t.ivs and therefore increases

/" train resistance bu't wh~n the~inu angle is greater than 90
degrees (a tail w~nd) the lon~itudi~al component is negatives
reducinq train resist.ance..

The wind resistance
equation bV using
train velocitv..

is
an

incladed in the train resistance
efiec~ive air velocity instead of the

Vair = V .. V'l:7 (eft)

RCair) = K*rVair**2)

where

K = It .. C*A*r (L/10Qj **e ]

which reduces to K=C*A tihen bot.h It and e are zero..

(12)

(13)

(14)

3.4 .. 3 Grade Resistance - Gradient is customarily 2sasured in
percent.. For every 100 feet of hori2o~tal distance, the
vertical change is q fee~q ~bere g is the gradient. A
stationary rail car held i~ equilibrium on a gradient will
have' three forces actin9 upon i'b 17 neglecting the friction
terms ~hich are already acc9unted for.. The rail supporting
force acts up7liard and no:rmal tq t.he r.ails.. The drawbar force,
R(qrade}. holding the car frQ~ rol1i~ do~nhillq is parallel
to the rails.. The gravity fores acts vertically dOliTnw,ard and
is equal to the car weight,. or 2GOO*lipounds. orhe gravity

llg:'
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force can be broken in~o t¥O oEthogonal components, which are
equal and opposi~e to tke other tvo forces for equilibrium to
be maintained. The ratiQ of parallel force to npraal force
will be exactly equal to 9/100, by similar triangles. Since
gradient is alvays small.. in a trigonoaetric sense, an
approximation can be made vhich states that the normal
component is very nearly equal to the gravity force (i. e.
the rail length is very Q,early 100 feet for every 100. feet of
horizontal distance). 'herefo.e, equating the sines of the
smallest angles in siailaD triangles

R (gradet 1 (2000*W) = (;9/100)

or

Regrade) = 20*g*W (15)

3.4.4 Curve Resistance - Curvature, c, is customarily
measured in deqrees of arc per. 100 feet of chord. By this
lIeasuring scheme tangent. brack has a curvature of zlero and
increasing curvature aean,sdecreasinq curve radius, or sharper
curve. The resistance due to curvature has been found
empirically* to be

R(cUrve) = .S*c*i ( 16)

3.4.5 Total Train ResistaJ,lce - The total resist.ance of a rail
car is the SU.II of the resistances due to rolli nq, bea ri ng, and
flange friction and air. gradieDt, and curvabure.

(17)

* America~ Railway Engineering Association, "AREA Ka~ual for
Railwa y Engineering", chap'ter 16, Par1:l 2, "Train Perf or mance",
1970. page 16-2-3.

20
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3.5 Acceleration

In order to accelerate tile train,. the maximue usable tractive
effort is applied. Xi that is greater than the train
resistance~ the train will accelerate.

3.. 5.1 Force Available- The force available for accE!,leration
is the difference bet.ween the tractive effort applied and the
train resistance. The maximum tractive effort applied is
limited t.o tbe t.racti va effo1:t. available from the loc~otive

and bV the adhesion of-1rlle l.Ocomot.ive. The tractive" effort
available is s~ated by Equation 5 when HP is bhe maximum
horsepo~er available. The adhesio~ force limit, AL, in
pounds v is a function of bhe locomot1ve weight on drivers q Wd,
and the adhesion ratio for coefficietilt of adhesion), AR.

AI. = 2GOO*AR*id (18)

The tractive effort applied vill be the lesser of Equations 5
and 18 when acceleratioI; is called £or..

TE(appl~ = Smaller of ~E(max) a~d At

The force available fOI aaceleration isg then

Fa = TE(appl) - E

(19)

(20)

3.5.2 Distance For Acce1erat.ioill - Ttre acceleration is assumed
constant wh~n iterati~g fro~ O~ velocity to the next. The
acceleration can be de~erained, from the familiar F=m*a bf
Newton. Since acce1eratiq~ is in 'mph/sec Q W is in tons, and G
is in ft/sec**2 e some cGZ'iv:ersio!l fac±ors must be introduced..

{21}

The incremeIlltal velocit:y When accele.:cat.ing f,rtorl velocity V1to
V2 is simply t.heproQuct of acceleration and time.

V2 - Vi = a*t.

The dist.ance t.ravellea in that time is

d = (5280/3600)*rV1*t + a*(t.**2l/2]

(22)

{23}

Equations 22 and 23 may be solv.sd for acceleration indepenaent
of time.
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a = (5280/3600)*(V2**2 - V1**2)/(2*d) (24)

Equation 24 aay be SQbs~ibut~d into Equation 21 to qet the
force in teras of dista~~.

Fa = 66.S*W*CY2**2 - V1**2)/d (25)

Equation 25 considers Yeloci~V of translation only. The
rotational accelera~ion of the wheels is taken into aacount by
a five percent incr~ase.

Fa = 70.14*W*(V2**2 - '1**2)/d (26 )

The distance for accelenataon is determined by rearranging
Eq nation 26.

d(accel) = 70.14*W*(V2**2 - V1**-2)/Fa (21)

3.5.3 Time Fox Acceleration - Equat~on 22 may be solved for
acceleration and sUbstibu~ into Equation 21.

Fa = 91.10*W*(V2 - Y')/t (28)

This is also increased lIy five pettce;Qb to allow for rotational
acceleration of the wheels.

Fa = 95.65*W*('2 - V')/t

Tbe tiae for ~cceleration is determined by
Equation 29.

t(accel' = 95.65*;*('2 - V1l/fa

3.6 Deceleration

(29)

rearranging

(30)

~~el&rati~a ~ill occar aa~arall, v~~ ~a~ r~sistance ~f the
train exceeds the appljed ~ractive effort. Dec~lerataon also
occurs ..hen the brakes are applied.. causing an additional
resisting force .. the characteristics of which are discussed in
the next sectiQll. Tl\e. eCjua.tiops used to determine the
distance and tiae fo~ patural deceleration are the same as
tbose used for accelerabiop, i. e. Equation 27 and Equation
30. In these equations V2 is tKe new velocity, " is the
present velocity. and Fa is the net :Barce. Since the train is
decelerating.. V2-V1 is peqa~iv~. bat for deceleration Fa is
also neqative, resultiaq in positive distance and tiae. The

./.22
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decelerat.ion is assumed const.ant. during each iteration from v1
to V2..

3.7 Brakinq

When the train needs bo decelerate because of a speed
restriction or s~oP.. tIl-e brakes are applied at a location
previouslvcalcnlat.ed by t.he TPS.. That locat.ion is determined
before the train reaohes it bv applying the equations below
and iteratinq backwards from the speed restriction or stop
(see also step 10 of Sec~ion 2). For deceleration after that

locatioD.11 it.eration proceeds foxliard as fornatl3.ral
deceleration except ~~at. ~he brati~q force is applied While
the tractive effort is set to zero.. A full service
application is simulated uit~approp~iate propagation delays ..

3.. 7.1 Braking Force - l1he forcEII' Fhil' developed by the braking
system to stop the tra~n is a functio~ 9f a number of braking
system parameters",

(31)

The prod act (Eb'*fs, is USUially cO!;1sidered as a single quantity
which is dependent Uppq the velocity. The TPS uses the
follo~inq simplified relationship.

(Eb*fs) = 0.12

(Eb*fs) = 0.25 - V1300

for V > 40 mph

for V < 40 mph

(32)

(33)

The apPlication ratio~ p, is the ratio of actual brake
cylinder air pressure t.o b:ilrake cylinder pressu.re for full
service application and is fixed bV this ~1?S at a value of
0.75. The braking ratiQ~ Be is oalculated according to an
alqorit.hm but generaily falls in the range of 0.20 to 0 .. 60 for
flCeiqht ~carsi1 0 .. 65 f~ locomo'tives.v aDd 1.50 for passenger
cars"

3.7.2 Braking Distance - When
beinq applied is zerG ana tbe
are toe braking forceD Fb, and
of which, are nega.tli V?o

sUbstituted for Fa in Eguation

braking; the tractive effort
only forces acti~g on 'bhe train
'the t.rain resistanceoi' Ii. both
The quantity -(Fb+R) can be
27 to get the braking distance..

'23
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/

where Pb
Equation
that the
contains
instead.

is determined by EquatioD 31 and R is deterained by
17. When bDakinq is applied, the output indicates
thrQ~tle is in notch 0 and ~he tractive effor~ column
the braking farce Fb, wbich is a negative value,

The distance the train .ould 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 ptpe propagatio. rate in seconds per
car. The TPS uses a pr<Jpaqation rate of 0.10 seconds per car.
For a current velocity of V1, Equation 35 reduces to

d(prop) = 1.467*tp*N*V1 (36)

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

d(brk) = 1.3*[70.14*i*('1**2 - V2**2)/(Fb+R) + d(prop)]
(37)

The distance d(prop) is evaluated by E~uatio~ 36 only fax the
first iteration im.edia~ely after the brakes are applied.
After the first iteration and for a11 subsequent iterations
until the brakes are released d (prop) =0.

3.7.3 BrakinqTime - The quantity -{Pb.B) c~n be SUbstituted
for Fa in Equation 30 to get ~be braking time.

t = 95.65*W(V1 - '2t/(Fb+R) (38)

The time, assu.inq no deceleration, before the last car seDses
a brake application is

t(prop) = tp*N (39)

The TPS uses the fo~o.iAq approximation for braking time,
which is intended to allow fo~ brake pipe propagation time and
brake applieation rate.

t(brk) = 1.3*r86.00*.*(V1-V2)/CPlt+R) + t(prop)] (40)

The tiae teprop) is evaluated
first iteration immediately
After the first iteratiQa,and
until the brakes are released

,'-

.",/ 2'4

by Equation 39 only for the
after the brakes are applied.

for all subsequent iterations
t(prop)=().



THE .t1SDOT/TSC TRAIN PERB01U1l.NCB SIMtJLA~OE

U§).jiGTHE TPSPRDGEAM

4. .USING THE TPSPROGE!M

This section descri~3s Er~efly hoti th.e TPS is run on the TSC
DECsys~em-10e It is assnmed that t~~ oser is familiar with
the common DEcsystem-10lio~itGr cO~H!l.ands17 and procedures for
loqqinq in and out of the system.. Some kno~ledqe of Fortran
forma t specifications willI be helpful but. is not necessary.

The TPS program is ~ritten in FORTRAN and is compiled Under
DECsvstem-10 Fortran-1Q and Loaded with LINK-jOe It resides
in the TPS Administ.rato~s disk area. The executable core
imaqe file occupies 13Q disk blocks and wheD.t copied into core
requires35K words of storage.

4,,1 .. 1 Temporary Files - Certain prooessed data required by
the TPS is stored in ~empora~y files in the user's disk area
(DSK: ) while the !PS is running.. Because these temporary
files have fixed names q the TPS should D~t be run by more than
one user logged in under t.he same project-programtler number..
These files are d!elet.ed aut.omat.icallv bV t.he TPS when they are
no lonqer needed and are therefore normally invisible to the
user.

4.. 1.2 Track Data Care Storage - Hodlified versions of the TPS
exist which do not store track data on the user's disk but
instead store it in core 0 ~his decreases execution time
siqnificantly in exchange for a larger use. of core. These
versions are limited in t~e number of track data records they
-can store and use addit:ional c9re as follows:

PROGtnu~

NAME

XI'S!
TPSB
TPSC
TPSD

M!XIEU5
RECORDS

200
1000
2000

unlimited

25

ADDITIONAL
CORE USED

5K
24K
481\
none
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4.1.3 CPU Time - CPU time for running a TPS job can vary from
a fe~ seconds for a simple job with 1ust one train run over a
very short route with 110 cl:tan<J~s enroute to one minute or more
for more complicated jobs with a dozen runs and a few changes
en route. I t is sometimes advisable, t~erefore, to run the TPS
under Bauch Control faD 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 encountered.

4.2 stored TPS Library Data Base

The TPS from time to time makes use of data stored in disk
files maintained by the TPS Administrator. These files
constitute a TPS Library data base aqd are updated as new data
become available. All are written ~n ASCII so their contents
may be. examined 00 a line printer.

4.2.1 Stored Route Segments - The TPS LibDary daba base
includes a set of random access disk files of stpred track
data which currently contains data for a number of U. S.
railroad main lines and branch lines. Other routes are being
added as they become both available and useful to the TSC
community. Many track data files may be maintained for
special purposes by either a TPS user or by the IPS
Adminilstrator.

4.2.2 Standard Through Routes - Train routes are usually made
UP from a number of route segments. To make the coding easier
for some commonly 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 common
locomotives are maintained by the TPS Administrator in a
random access disk file. This file contains all the data
needed by the TPS to c~aracterize completely each locomotive
including pointers toflle tracti ve effort data. Standard
locomotives are specified. simply by siagle nl1meric codes.
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4.. 2 .. 4 Tractive Effart Dat.a - Tractive effort data for
standard Locomotives liihfch follo;ji t.he typical hyperbolic curve
are calculated by t.he ~P5 Gsing an appropriate algorithm",
Some locomotivesa ho~~er~ do not have fitypical" tractive
effort curvese In this case poin~ers direc~ the TPS to read
tractive effort values u'increm-eIlt.sof ons mile per hour from
another random access disk file in 'the 1'PS Admnistra~or'ls

disk area", custom LGCO!1otives sa, also use data from this
file or the complete set Qf tra~ivs effort values may be
included in the TPS inpat data ..

4.3 Input Data File

Before the TPS can run any trainsD a~ Input Data File must be
created. in the user's disk area which specifies the kin.d of
output desired o the route to be trave11ed g the number of runs
to be made over 'the rOtl'izs ll7 the train consis-t for each rune and
various other paramet.ers of the job.. 'he name of the Input
Data File is selected by tibe user, and becomes the name of the
TPS ;ob and is identified on ail pri~~out.sc

4.. 4 output Data

The TPS out-pat is vri tten onto three files Oil the user's disk
(nSK:) .. The file name of all outpu.t files is t:he same as the
name of the Input Data Rile (also the TPS job name) 0 File
name extensions will differ dependiQq upqn bhe type of output.
file. The output files are described in the next three
sections. Samples of ou~~ut are sho~n in Appendix A..

4.. 4.. 1 Printout File - Is always written" even though it may
be nUll. It is the principal output file and cOJltains:

1. Track data lisbinq (if enabled);

(unlessprintouto-r2. Summar-y pxinooat
disabled~ ;

3. Tonnage Rating Report (if e~,h1ed);

4.. Bun Summaries ,unless printout is disabled) :

5. Throttle posit jon su~maries (if enabled) ;
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6. Velocity Range Summaries (if enabled); and

7. TPS error messages, if any.

4.4.2 Table File - Is always vri~ten. It contains:

1. Copy of Input Data pile with column headings;

2. Run Su••aries:

3. CPU time and cost repQrts; and

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

4.4.3 Plot Data File - Is vri~ten o~ly if enabled. This file
is designed to be used as input to a separate plQtting program
to provide graphical TPS outpu~.

4.4.4 Run Su••aries - Run Su.maries (~otal time and distance,
average speed, and total energy used) are always written in
both the Table file and at the controlling terminal. They
will also be written ia the Printout file if either a Summary
or Detail printout is specified.

4.4.5 Error Messages - Error aessages generated by the TPS
during execution are se~t to both the printout file a~d to the
controlling terminal or Batch control log file.

4.4.6 Printing Of output - All output contains upper/lower
case text. Two general kinds of printout are ayailable. A
Detail Printout requires the fall 132 coluan capability of the
line printers but a Su.mary Printout will fit on paper 8.5
inches wide. The Table file r~uires ¥ide paper (the
default) •

28



THE USDOT/TSC TRAIN PERFORMANCE SIMULATOR
USING THE TPS PROGRA~

4.5 Runninq The TPS

once an Input Data File has been es~ablished, t~€ TPS can be
run using a simple monitor comma~d which wi11 copy the TPS
into the user's core area and begin execution. The TPS will
respond with an introauctio:;l poss:il.bly followed by an update
not.ice and theD it will requ,esw the User to ent.er the full
name (inclUding ext.ensjo~j of~e I~put Data File, terminated
by a carriage re~urn.. No othe~ TPS ~nput is required. The
TPS completes the job a~d exits to the 50nitor.

once at Monitor level e "the user candssue cOO1mands to print
the output data or log Gub of ~he system..

4.6 The TPS User's Maneal

A comprehensive user's manual for the USDO~/TSC TPS is
maintained bV the TPS Adnnis'brat:or and is revised from time
to tiliHl:l as the need arises.. It is availaJ::lleto anyone vho has
a serious int.erest in usiDjg the TPS. It. contaiI+s t.he detailed
step-ny-step procedure fior creat.ing an Inpu~ Data File and
explains how to specify all ~ t.he varioosoptiqnal features.

29/30





APPENDIX

SA.MPLE TPS OUTPUT

R'un Summary

Timetahle

Thr-ottle Summary

Velocity Summary

Summary Printout

Detail Printout

Tonnaqe Ratinq RepGrb

A-I

PAGE

A-2

A-3

A-4

A~5

A-6

A-7

A-8



SAMPLE TPS OUTPUT

SAMPLE RUN SUMMARY

TPSD

Run 1:

4G (160) 19-May-78 Job EBTR

RUN SUMMARY

Freiqhb train 3EBC

Train 3EBC Run 1 Paqe 5

Sequence No. 2

From Hobart Yard to Barstow via A, T, & Santa Fe

Usinq Canadian National resistance equation

Power consist beqinnigq at Hobart Yard
4 Diesel units: S045 S045 5045 5D45

rrain consist beqinninq at Hobart Yard
34 cars includinq 19 loads and 15 empties.

Elapsed time runninq: 02:33:03
stopped: 00:01:00

Ave~a~e runninq speed 57.20 mph.
Total .iles: 145.90

total: 02: 34: 03 Averaqe overall speed 56.83 mph.

Fuel: qallons consumed runninq: 1203.41
Gallons consumed idlinq: 0.40

Total qallons consumed: 1203.81

Cost at 39.00 cents ~er qalloa: t 469.49



SAMPLE TPS OUTPUT

S!!1PLE TIMETABl.E

Job: PSSRNY Train POOl 27-JUl-76 Run 1 Page 4

Simulated run: ~iodern passenqertrain POOl

From BUffalo to New York via Penn Central

Using Totten equation for streamlined cars

TIMETIl.BLE

CLOCK TIME ELAPSED TIME PASSING MINUTES
STATION HRS:MIN HRS:MIN HRS: MIl'J HRS:MIN SPEED STOPPED

Buffalo LV 10: 0 LV 0: 0 0
l,ancaster LV 10:16 LV 0: 16 50
Corfll LV 10:32 LV 0:32 50
BataVia LV 10:47 LV 0:47 50
ChUI"clw 1lle LV 11: 4 LV 1: 4 50
Chili Jc t • LV 11:11 LV 1: 11 50
Rochester AR 11:26 LV 11:29 AR 1:26 LV. 1: 29 3
E. Rochester LV 11:40 LV 1:40 50
fairport LV 11:44 LV 1:44 50
Macetion LV 11:55 LV 1:55 50
Newark LV 1 2: 6 LV 2: 6 50
I,yons LV 12: 12 LV 2:12 50
N. weedSPort LV 12:28 LV 2:28 50
warners LV 12:56 LV 2:56 50
Syracuse AR 13:t 4 LV 13:17 AR 3: 14 LV 3: 17 3
canastota LV 13:54 LV 3:54 50
Rome LV 13: 60 LV 3:60 50
Utica AR 14: 17 I,V 14:20 AR 4:17 LV 4:20 3
Herk)~er LV 14:44 LV 4:44 50
Littlef<3l1s LV 14:47 LV 4:47 50
fonda LV 15: 11 LV 5: 11 50
Amster-dam AR 15:25 LV 15:27 AR 5:25 LV 5:27 :?
Hoffmans LV 15:44 LV 5:44 30
Rotterdam Jc LV 15:50 LV 5:50 30
S. SChenY. LV 16 : 0 LV 6: 0 45
Carman LV 16 : 9 LV 6: 9 30
Karner LV 16:14 LV 6:14 60
w. Albany LV 16:19 LV 6:19 50
Albany AR 16:21 LV 16:41 AR 6:21 LV 6:41 ~Q
Rensselaer LV 16:47 LV 6:47 25
SchoriacK Ldg LV 17: 1 LV 7: 1 60
Stuyvesant LV 17: 6 LV 7: 6 50
Newton HOok LV 17:10 LV 7:10 50
Hudson LV 17:19 LV 7:19 43
Rhlneclif LV 17:57 LV 7:57 50
poughl<eep le ,tIB 18:14 LV 18:19 AR 8:14 LV 8:19 5
crotonHar or; LV 19:13 LV 9:13 35

MQ LV 19:47 LV 9:47 35
New 'ion:: AR 19:53 AF 9:53

CLOCK TIME: ELAPSED TI"'E PASSING MINUTES
STATION !:lR~:MIN HRS:MIN HRS:MIN HRS:MIN SPEED STOPP?Q

,,:. ..'
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SAMPLE TPS OUTPUT

SAMPLE THROTTLE SUMMARY

'I Ps D 4G (160) 19-Mav-78 Job EBTa Train 3EBC Run 1 Page 7

ELAPSED TIME IN EACB THROTTLE POSITION

Run number 1

From Hobart Yard to Barstow

Train 3EBC

via A~ T, & Santa Fe

Locomotive consist SD45 SD45 SD45 SD45

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

BRAKE o. a hr 16.08 min 10.44% 6.43 gal

1 0.- 5. a hr 0.00 min 0.00% 0.00 qal

2 5.- 12. a hr 2.43 min 1.58% 2.68 qal

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

4 31. - 46. 0 hr 15.31 min 9.94% 85.96 gal

5 46.- 59. 0 hr 0.66 min 0.43% 4.50 qal

6 59.- 74. 0 hr 4.69 min 3.04% 38.09 qal

7 74.- 89. 0 hr 17.97 min 11.67% 197.63 qal

8 89.-100. 1 hr 0.66 min; 39.38% 789.12 qal

IDLE o. 0 hr 1.00 min 0.65% 0.40 qal

---------_...._--- ---------- -----------
'IOTAL 2 hr 34.03 min 100.00% 1203.81 qal

----------_._--- ----------- :==========--------------- ----------



SAMPLE TP5 OUTPUT

",: ,,","

. SA MPI..:E-V·ELOCITY SOM8ARY

IPSD 4G (160) 19~May-78 Job EBTR Train 3EBe Run 1 Page 8

ELAPSED TIME IN EACH VELOCITY RANGE

Runllumber 1

From Hobart Yard to Barstow

'rrain 3ERe

via AS'. T, & Santa Fe

locomotive consist SD45 SD45 5D45 SD45

VELOCITY ELAPSED % OF TOTAL FUEL
RANGE TIME TiME USED

_._------------ --------------- -_._------- _.._-----'---
0 - 10 mph 0 hr 1. 51 min 0.. 98% 2.. 06 gal

11 - 20 mph 0 hr 0.64 min 0 .. 42% 4.77 gal

21 - 30 mph 0 b.r 14.46 min 9.39% 182 .. 87 gal

31 - 40 mph 0 hr 28.. 07 min 18.. 22% 361.99 gal

41 - 50 mph 0 he 3.98 min 2.58% 46 .. 59 gal

51 - 60 mph 0 hr 5.75 min 3.73% 69.78 qal

61 - 70 mph 1 he 39.. 62 min 64.68% 535.75 gal

----_._~:-~._----- ----.,----- ------------
TOTAL 2 hI:' 3'4 ... 03 min 100.. 00% 1203 .. 81 gal

--------------- -_._------ ===========--------------- ----------



SAMPlE TPS OUTPUT

SAMPLE SUMMARY PRINTOUT

,Job: PSSRNY Train POOl 27-Jul-76 Run Page 2

MU,E r;LII PS ED MPH MPH CLOCK fUEL
STATID1'< pOST MIr.ES TIME ACT LIr~ TIME (GAL)

LV Buffalo 437.1 0.00 0: 0.00 0.0 30.0 10:00:00 0.00
LV Lancaster 429.1 8.00 0:15.58 50.0 50.0 10:15:35 21.04
LV Corfu 415.2 :n.92 0:32.29 50.0 50.ll 10:32:17 50.99
LV flatavta 403.1 34.00 0:46.78 50.0 50.0 10:46:47 66.75
LV Churchville 3i:l8.4 48.70 1 : 4.42 50.0 50.0 11:04:25 75.16
LV Chili JCt. 382.6 54.53 1:11.41 50.0 50.0 11:11:25 80.90
AR Rochester 371.1 66.00 1:25.86 0.0 45.0 11:25:51 93.33
LV Rochester 371.1 66.00 1:28.86 0.0 45.0 11:28:51 93.33
LV E. Rocnester 362.8 74.38 1:H.81 50.0 50.0 11:39:48 106.24
!j V Fairport 359.4 77.70 1:43.79 50.0 50.0 11~43:4R 114.77
LV ~lacedon 350.2 P6.96 1:54.91 50.0 50.0 11:54:55 126.30
LV Newark 341.0 96.15 2: 5.94 50.0 50.0 12:05:56 136.94
LV Lyons 336.0 101.15 2:11.94 50.0 50.0 12:11:56 143.63
LV l~ • Weedsport 323.1 114.00 2:27.84 50.0 50.0 12:27:50 161.09
LV Warners 300.0 137.11 2:56.39 50.0 50.0 12:56:23 196.44
AR SYracuse 285.7 151.41 3:14.36 0.0 30.0 13:14:22 213.66
LV SYracuse 285.7 151.41 3:17.36 0.0 30.0 13:17:22 213.66
LV Canastota 256.4 180.73 3:54.03 50.0 50.0 13:54:02 259.90
LV Rome 251.6 185.56 3:59.82 50.0 50.0 13:59:49 265.80
Afi Utica 237.4 19 9.73 4:16.92 0.0 50.0 14:16:55 281.77
LV Utica 237.4 199.73 4:19.92 0.0 50.0 14:19:55 281.77
LV Herkimer 218.1 219.05 4:43. 7 9 50.0 50.0 14:43:47 311.58
Ij V Little falls 215.2 221.94 4:47.25 50.0 50.0 14:47:15 314.80
LV Fonda 195.8 241.33 5:10.52 50.0 50.0 15:10:31 336.55
Ilk Amsterdam 184.2 252.98 5:24.70 0.0 50.0 15:24:42 351.97
LV Amsterdam 184.2 252.98 5:26.70 0.0 50.0 15:26:42 351.97
LV Hoffmans 170.0 267.11 5:44.43 30.0 30.0 15:44:26 373.86
LV Rotterdam Jc 15 9 .6 269.92 5:50.05 30.0 45.0 15:50:03 376.89
LV S. SCheny. 152.4 277.15 6: 0.05 45.0 45.0 16:00'03 391.80
LV Carman 156.5 281.78 6 : 8.75 30.0 60.0 16:08 45 396.17
LV Karner 152.0 286.23 6:14.01 60.0 60.0 16: 14 01 406.40
LV W Albany 146.7 291.53 6:19.31 50.0 50.0 16:19 19 409.49.
AR Albany 145.5 292.73 6:20.85 0.0 50.0 16:20 51 410.00
LV Albanv 145.5 292.73 6:40.85 0.0 50.0 Hn40 51 410.00
LV Rensselaer 142.5 295.73 6:46.61 25.0 25. 0 16:46 36 421.71
LV SChOdack Ldq 130.5 307.73 7 : 1.02 60.0 60.0 17:01.01 443.51
LV Stuyvesant 125.9 312.33 7 : 5.62 50.0 50.0 17:05:37 450.32
LV Newton Hool< 122.0 316.25 7:10.32 50.0 50.0 17:10:19 455.55
LV HUdson 118.0 323.70 7:19.32 43.0 44.0 17:19:19 465.19
LV 8h1nec:l1ft 87.5 354.24 7:56.74 50.0 50.0 17:56 44 507.12
AR poughkeepsie 73.1 368.60 8:14.19 0.0 50.0 18:14 11 530.59
LV poughkeepsie 73.1 368.60 8:19.19 0.0 50.0 18:19 11 530.59
LV CrotonHarmon 32.2 409.55 9:13.20 35.0 35.0 19:13 12 596.89
LV MQ 5.9 435.89 9:47.43 35.0 35.0 19:47 26 64 2 • 34
AR New York 3.0 439.1 4 9:53.07 0.0 35.0 19:53 04 648.52

A-6
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SAMPLe TPS OUTPUT

SAMPLE TONNAGE RATING REPORT

1. PS D 4G(160) 19-May-78 Job EBTR Train 3EBC Run 1 Page 9

TONNAGE RATING RUN NUMBER 1

From Hoba~t Yard to Barstow via A. T. & Santa Fe

With 4 units. including:
SD45
SD45
SD45
SD45

HorsepQwe~: 14400.

Adhesion limit:
tons per car:

0.230
64.667

SEQ GRADE GRADE MIN TRAILING NO. OF CARS TRAIN
NO. MILEPOST FOOTAGE SPEED HP/TT TONS TOT LD MT LENGTH

GROSS
TONS

4* 62.0
7 62.0

448843. 20.00 5.302
453372. 19.00 5.179

2716.
2781.

42 24 18 2364.
43 24 19 2414.

3496.
3561.



IBDJ:;X

• •

Acceleration ... .: ..:. • ...
Acceleration table .... •
Accelera tion" rotat.ional
Accuracv • • • .. ~ .. • • •
Adhesion .... .. • .. • .. • ..
Adhesion limit
Administrator .....
Aerodvnamic resistana€ • •

6, 13, 15, 21
28
22
15
5
9. 21
25
3 to 4, 18 to 19

Batch control. • .: ...
Bearing resistance ••• •
Blocks .... • .. • .. .. .. ..
.Brake pipe propagatlio~

Brake shoe frictio14 .......
Braking .. .. .. .. .. • • .. .. •
Braking force .. .. .. .. •
Brating ratio .. .. ~ ~ .. • ..

26
4, 18
9, 13
10., 24
10
5 .. 10, i 3 , 15, 23
23 to 24
23

Canadian National • • .. .. ..
Car librarv data base • .. •
Case" upperllower ' • •
COFC .. .. ..' ..
Commands .
Core requirements .. .. • • ..
CPU time .. .. .. • .. • • .• •
Crew changes .... .. .. ..
curvature resistanG€ .....

9
11
28
9
25, 29
25
26, 28
12
4, 18

.. . . . .

Data base, TPS library 26
4 to 5
4., 8
13,: 15, 22
25
6

8
9
12
10. 27t.o 28
25

21
24
22
27

. ... .. .Davis Equation • ... • .. .. ..
Daviswil'.. J.
Deceleration .... ~ .. • • •
DEcsystem-l0 •• .. ...
Default .. .. ..
Default

resistance equation .. .. •
velo~itv increment ......

Dela"Is .. ;. "11 .. .. .: .. .. .. ..

Detail Printoub.. ~ ~ .. .. ..
Disk blocks. .. .. .. .. .. .. ..
Distance

acceleration ... .. ..
~raki.q •• .. .. • .. • .. ..
deceleratioD • •. • .. .. •

DSK: ••••••• ••



Horsepower ••• • • • II •

Monitor commands •••
Multiple-unit traiQs •••

printinq output files • • •
Printout • • • • • • • • •
Propaqation, brake pipe ••

Narrow pa per • • • • • • •
Newtonian laws of motion •
NotCh. throttle • • ••

11

9
26

27
4. 18
21
23
25
10

4, 18
28

5

27 to 28
13, 15

13, 15

1
27

26
11

26
28
25
10
28

25, 28
7

28.. , 6, 16, 21
24

6, 27

28
28
.'5
28
27 W 28
10, 24

8
4. 18
26
4. 18
2~

2

.. .I• •

• • •
• • •

· . .,· ...

• • • • • • •
· . . . -- . . , .

. . . . . . . . ~ .

Library data base • • • • •
Li.itations • • • • • • • •
Locolllotive

standard • • • • • • • •
Loq file • • • · .:. • • • •
LOGIN . . · · · • • · • • •
Look-ahead • · • • • • • •
Lower case · · • .- · · • ·

output

Plot Data output •••••
Plottinq •••••••••
P-O We8=[' -'-""Ii -=w -0=. ~ -=. -=. -. -. --. ·w

Resistance equations •••
Resistance, train .. • • • •
Response time • • .' • •
Rollinq resistance .....
Rotational acceleration ••
Route

seqllents • • • • ••••

Erie Lackawanna • • ••
Error messaqes • ~ ••

File naaes II •

Flanqe resistance •••••
Force • • • • • • • • • • •
1'0rce, brakinq • • ••••
Fortran • • • • • • ••••
Friction. brake shoe •••

Gradient resistance.
Graphical output ••

Job •••
Job name

Dynamic brakinq

Input Data File • • • • • •
Iteration •••• .: ••••
Iterative velocity incr~.ent

1-2



Schedulinq .. .. ..
Speed limit ..
speed limit, artifici~l • •
Standard Locomotives ... •
Standard Throuqh Rouue
Summary Printout ......

Run cycle ••••
Run Summary • .. •

.. ....
• • •

13
27 to 2"S

12
10
15
26
26
10, 27 to 28

Table output • .. .. .. .. .. ..
Temporary disk files .. .. •
Throttle position .........
Throttle position Summary •
Throuqh Raute .. .. .. • .. • ..
Time

acceleration ........
brakinq .. • .. • • .. .. • •
deceleration .. • • ..

TOPC • .. • .. .. .. .: .. .. .. •
Tonnaqe Ratinq Report ..
Totten 9 A. I. .. ~ ~ .. • .. •
TPS Administrator e • • .. ..

TPS job name .. .. .. • •
TPS library .. • .. .. • • .. •
TPS.5AV .......... __ .......
TPSA • .. .. .. • • .. .. ..
TPSB .:. .......
TPSC .. ••••
Track data ..... .:. ........
Tractive effort.. .. • • • •
rrain data ..
Train resistance ..
Tuthill. J. K. .. .

28
25
24
27
26

22
24
22
3, 9
27
9
25
27
26
25
25
25
25
2, 7
5, 7, 11, 21, 24, 27
7
4, 8
8

Upper case • • •
user's manual ... ,...... 28

29

275 Copies

Velocity increment .... .. ..
velocity initialization ••
Velocity Ranqe Summary

tiT ide pa pe r .. • • • .. .. .. ..
Width, output paper .....
Wind ....... • .. •

1-3t4

13, 15
11
28

28
28
11

"
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