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EXECUTIVE SUMMARY

This report concerns a portion of the study under AAR
Contract TTD 79-171-3 for the enhancement of railroad dynamic,
finite-element computer programs. This part of the study is
concerned specifically with the conversion of an existing AAR
train dynamics érogram: the -Detailed Longitudinal Train Action
(DTAM) Model to include interactive simulation and computer
graphics. An interactive execution of this large program
permits a continuous check and conversationai feedback during
the simulation phase. The display of some of the input data,
énd the intermediate and final resultg in a graphical format,
rather than numerically, aid in its interpretation by visaul
perception. | -

The conversion of this program involved the following
primary tasks: (

1) Modify the Tektronix PLOT-10 and Advanced Graphing II

(AG II) software packages and install and verify them
on the AAR's DEC 2050 computer system. ‘

2) Change the data describing the model to be simulated

to a free format for easy entry through a terminal.

3) Develop interactive programmming to allow the user to

specify the simulation tasks, to_modify and edit the
model description files énd to control the display

of the results.
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4) Interface the DTAM program with the DEC 2050 computer
and interactive graphics terminals though the use of
PLOT-10 and Advanced Graphing II.

5)nCompiete the validation runs to assure the completeness
of the programs and, specifically, the new interactive
graphics phase, and

6) Prepare examples and documentation to explain the

interactive simulation and graphics to the user.

The computer graphics software that was employed cénsists
of Tektronix PLOT-10 and Advanced Graphing II (AG IT) packages.
These packages were modified by converting some machine language,
run on the IIT computer and>£hen installed on the AAR DEC 2050
computer. They were verified by writing the routine VERIFY.

The User's Manual for PLOT-10 and AG II and a listing of all the
programs have been submitted separately.

This report deals only with the examples and documentation
to explain the interactive simulation and graphics for the user.
A listing of the program, with modifications for interactive
simulation, and of pfdgrams that have been written to contréi

the computer graphics have been submitted separately.
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1.0 INTRODUCTION

The Detailed Longitudinal Train Action (DTAM) Model has been
deveioped by the AAR [1, 2, 3]*for the study and simulation of
longitudinal train dynamics. Special differentials between
various vehicles in a train can give rise to excessive lonéi-
tudinal compressive or tensile forces. Thesé coupler forces
can, in turn, cause failures of draft gears, jack-knifing of
cars, or derailments due to wheel climb. The program can bhe
used by the‘railroads as an operational tool for determining
optimum train make-up and improvements in train handling

practices to prevent excessive longitudinal train action.

The model considers only the longitudinal surge motion, and
a vehicle having no sliding sill has one degree-of-freedom in
the longitudinal direction. A vehicle with a sliding sill has
two degrees-of-freedom. Several mathematical models are
employed to obtain the longitudinal forces acting on a given
vehicle. The forces between vehicles are obtained from models
of end-of-car cushioning devices. The journal, rolling, air and
non-curving flange resistances are modeled using the Davis
equation. Other forces are caused by grade, curving resistance,
tractive effort/dynamic brake, and pneumatic braking. The
details of the mathematical model are given in the Technical

Documentation [1].

*The numbers in square brackets [ ] designate the references,
shown in Section 5.0 of this report.
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. Each vehicle's acceleration is obtained by summing the
forces acting on it and then dividing by the vehicle's mass.
The corresponding velocity and displacement of each vehicle
is then obtained by a forward integration technique. There
is a choice of using one of the following three integration
methods: Fourth order Runge-Kutta; Hamming's Predictor-
Corrector; and the Newmark Beta method. However, because of
numerical instability problems, only the fourth order Runge-

Kutta Method is currently working satisfactorily.

The objective of this study was to quify the existing DTAM
program, in order to make it suitable for interactive simulation,
and to introduce interactive computer graphics, in order to
disp}ay the graphical plots on a suitable video terminal, e;g.,
Tektronix 4006 or 4010. The existing program has been modified
so that the simulation data can be entered interactively
through the termiﬁal, and the simulation results can bé stored
in a format suitable for plotting. A program: PLOTDT, has been
‘ written for the interactive graphic display of the results. The
Tektronix PLOT-10 and Advanced Graphing Ii (AG II) software

packages were used to develop the DTAM computer graphics.

The maximum number of vehicles in the train consist is limited
to 153. The maximum number of vehicles, for which details can
be printed out and plots of coupler forces can be displayed, is
limited to 21. These numbers can,however, he increased, if
necessary,by changing the dimensions of the variables and the

storage allocations in the n»nrogram.



2.0 PROGRAM STRUCTURE

The DTAM computer simulation, as now implemented on the

AAR's DEC'2050 computer, consists of the following four programs.

2.1 Standard Library

The purpose of this program is to prepare data concerning the
vehicle characteristics, which includes the tractive effort and
dynamic brake curves for the locomotives. These data can then
be used by the (following) Run Library program to form a train
consist. It should be noted that, unless each vehicle is |
identified in the Standard Library by a four letter identifica-
tion code, unique to the vehicle, the Run Library program is
not able to access the data concerning that vehicle. Input to
the Standard Library comeé from the SLDATA.DAT file, which
prepares two files for its output. The SLLOG.DAT file is a
printing file, and the INVEHL.DAT file is an internal file,
which is not in_a format for printing, but can be accessed

by the Run Library. This is shown in Figure 1.

2.2 Run Library

The purpose of this program is to prepare data for the
following Forward Integration Simulator program. The prepared
data includes milepost, station, speed limits, track data,
profile (elevation), initial train brake settings and train

consist characteristics. The characteristics of a vehicle in



Figure 1.
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in the train consist that has been identified in the Standard
Library is accessed through the INVEHL.DAT file and may be
overridden by the Run Library. The characteristics of any
vehicle not identified in the Standard Library must be

supplied by the Run Library.

The input to the Run Library comes from two sources: the
RLDATA.DAT and INVEHL.DAT files. The INVEHL.DAT file is not
required if the characteristic data for each vehicle in the

train consist is supplied by the RLDATA.DAT file.

The output of the Run Library program consists of RLLOG.DAT,
which is a printing file, and four internal files. Tﬁe fouf
internal filgs, which supply data to the following Forward
Integration Simulator program, are not in a format suitable for
printing. They are called RLPROF.DAT,'RLCURV.DAT, RLCONS.DAT

and RSSTDA.DAT, respectively, and are shown in Figure 1.

2.3 Forward Integration Simulator

The purpose of this program is to model the behavior of the
train as a function of time, and obtain a solution to the
equations of motion by employing one of the available integra-

~ tion techniques.

The input to this program comes from two sources. The primary
source can be supplied by the file FISDAT.DAT or interactively
through the terminal. The primary input consists mainly of train

operation and integration control instructions. The secondary
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source of input consists of the four internal files prepared
by the Run Library program, e.g., RLPROF.DAT, RLCURV.DAT,

RLCONS.DAT and RLSTDA.DAT.

The output of the Forward Integration Simulator program
consists of FISLOG.DAT, which is a printing file,and two
internal files. One of these internal files, RESTART.DAT, if
selected by the input data values, is used to stofe data
necessary to perform a restart. The other internal file,
DTMPLT.DAT, contains the simulation results in a format suit-

able for later plotting.

2.4 PLOTDT Program

~The purpose of this program is to display the simulation
results. It accepts input from the internal file DTMPLT.DAT
and interactively displays the plots on Tektronix‘Type 4006
and 4010 terminals. The program's graphic output is discussed

in Section 4.0 of this report.



3.0 INPUT DATA

Input dafa to tﬁe forward integration simulator (FIS) is
supplied from the following two sources:

a) Data from file RLLOG.DAT, which is the output from the
‘Run Library program. It includes speed limits, station names
and equations, curves, profiles (elevations), consists, vehicle
characferistics, and initial brake settings.

b) Primary input data, which can be supplied interactively
through the terminal, or from a file named FISDAT. The fixed
format method of supplying these data is described in the DTAM
User's Manual [2]. Hence, only the free format interactive
method of supplying the data is discussed in this report.

The interactive method of supplying data and for obtaining
computer plots of the results are illustrated for a sample
problem taken from thg DTAM Technical Documentatipn.[l].‘ This
example is Special Event 6 in the Steel Coil Train Tests. The
test train was made up of four SD-45T-2 locomotives, 52 cars
with approximately equal loads of coiled steel, and 4 other cars.
The details of the train consist are listed in Tablé 1.

Event 6 from Southern Paéific's Steel Coil Train Tests
occurred on the main line between Mile Posts 801 and 802 near
Stoval. The gfade varied from 0.1 to 0.4% aﬁd there was no
curvature, as shown in Figure 2. The train was traveling at
a steady speed of 41 miles per hour, until it passed Mile Post

801 plus 62/100, at which time the brakes became applied in



Table 1. Southern Pacific Steel Coil Test Train Consist
Four Type SD-45T-2 Locomotives, 3600 hp and 205 tons, each,

Gross Weight

Car Car Number ' Tons Notes
1 SP 595596 : 122 . Instrumented Car
2 SP 595538 128
3 SP 595559 127
4 SP 595548 125
5 SP 595526 122
6 SP 595570 . 124
7 SP 595503 124
8 SP 595531 120
9 SP 595593 130
10 SP 595612 130
11 SP 595573 124 Instrumented Car
12 SP 595563 123
13 SP 595614 124
14 SP 595529 123
15 SP 595622 124
16 SP 595615 130
17 SP 595555 130
18 SP 595519 125
19 SP 595564 120
20 SP 595510 127
21 SP 595568 125 Instrumented Car
22 SP 595539 128
23 SP 595572 126
24 SP 595536 127
25 SP 595556 125
26 8P 595578 128
27 SP 595511 120
28 SP 595611 130
29 SP 595605 129
30 SP 595620 124
31 SP 595610 123 Instrumented Car
32 SP 595619 124 :
33 SP 595621 125
34 SP 595582 129
35 SP 595581 130
36 SP 595522 124
37 SP 595565 124
38 SP 595590 124
39 SP 595518 124
40 SP 595534 124



Table 1. Southern Pacific Steel Coil Test Train Consist

Four Type .SD-45T-2 Locomotives, 3600 hp and 205 tons,each.

(Continued)
Gross Weight .
Car Car Number Tons Notes
41 SP 595551 120 Instrumented Car
42 SP 595547 122
43 SP 595617 127
44 SP 595618 125
45 SP 595583 128
46 SP 595586 124
47 SP 595537 128
48 SP 595549 128
49 SP 595523 127
50 SP 595577 126
51 SP 595516 127 Instrumented Car
52 SP 595512 - 127
53 AAR 100 64 Research Car
54 SP 138 66 Sleeping Car for Crew
55 . SP 137 . 69 Kitchen and: Support
56 SP 1741 ) 26 Caboose

Gross Weight of the Loaded Revenue Cars

(Cars 1 thru 52): 6,524 Tons
Gross Weight of the Locomotives (@205 tons): 820 Tons
Gross Weight of the Entire Train: 7,569 Tons

Length of the Entire Train: . 2,959 Feet

The entire train had Type ABD brakes, with the exceptibn of
the AAR-100 which had Type AB brakes.



0T
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Figure 2. Main Line Track Profile Associated With Event #6

in the Southern Pacific's Steel Coil Train Tests.



emergency. Although the locomotive brakes were released almost
immediately, the engineman opérated the independent brake until
the train came to a stop. Event 6 lasted 43 seconds and the

"train traveled a distance of 1548 feet before coming to .a stop.

In the following Sectipn, a listing is given of the inter-
active method of running the forward integration simulator
(FIS) progfam for this sample problem. A listing is also
given for running the FIS program, in which the simulation data
is supplied through the file, FISDAT. The method, although
iilustrating the sample problem,can be used as a guide to supply
data and run.the program interactively, to simulate any

particular problem.
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@RUN (PROGRAM) FIS034,.EXE.103
WELCOME TO DTAM-FIS INTERACTIVE PROGRAM

DO YOU WANT TO ENTER INPUT FROM TTY ?
(ANSWER YES' OR NO. IF NO, INPUT WILL BE TAKEN FROM FILE)
9 -

YES

ENTER LOCATION OF THE FIRST VEHICLE: (ILOW)

‘(USUAL ILOW = 1)
9

1

ENTER LOCATION OF THE LAST VEHICLE: (IHIGH)
(IHIGH =< 151)

?

60

ENTER # VEH. FOR WHICH DETAILS ARE TO BE PRINTED (NCOP)
( 0 =< NCOP =< 21 )
.

=

INTEGRATION METHOD (ITER = 1,2 OR 3)
- l: HAMMING PREDICTOR CORRECTOR
2: RUNGA-KUTTA FOURTH ORDER
3: BETA
(AT PRESENT ONLY "2" WORKS)

N

12



SAND ON THE RAIL ? (ISAND) (0=NO, leYES)
?
0

WET RAIL ? (IWETR) ( 0=NO, l=YES )
?
0

} AUTOMATIC BRAKE OPERATIONS: (NBRAKT)
( 0 =< NBRAKT =< 50 )

?

2

# INDEPENDENT BRAKE OPERATIONS: (NBRAKI)
( 0 =< NBRAKI =¢ 50 )

?
35

# THROTTLE-DYNAMIC BRAKE CHANGES: (NTHTLC)
( 0 =< NTHTLC =< 50) :
5

1

ORIGINAL THROTTLE POSITION: (ITHTLE)
(-8 =¢ ITHTLE =< -1 : DYNAMIC BRAKE)
( . 0 : IDLE )
(1 =< ITHTLE =< 8 THROTTLE )

?

5

READ FORCE HISTORY AT THE END OF THE CONSIST ? (IEND)
( 0=NO, l=YES )
?

0

ENTER TIME INCREMENT (SEC) FOR FORWARD INTEGRATION: (DT)
(TYPICAL DT = 0.2)

?

.02

ENTER PRINTING TIME INTERVAL(SEC) FOR SIMULATION HISTORY': (WS)
?

5
ENTER TIME (SEC.) AT WHICH FORWARD INTEGRATION STOPS:' (TTS)
: A
450
ENTER RST: RST RESTART CHECKPROINT
<0 NO YES
=0 NO NO
>0 YES YES
IF RST <> 0, ABS(RST) IS THE TIME INTERVAL BETWEEN WRITING CHECKPOINT
%NFORMﬁ Tiorv
0.0

13



ENTER 80% OF TOTAL TRAVEL OF SLIDING SILL BEFORE IT RUNSHARD (FT.): (SILLSM)
?
0.0

ENTER TIME INTERVAL (SEC.) USED BY RUNGE-KUTTA INTEGRATION WHEN SILL IS
BETWEEN 80% & 90% OF ITS TOTAL TRAVEL: (DT80)
(DT80 < DT)

0.0

ENTER 90% OF TOTAL TRAVEL OF SLIDING SILL BEFORE IT RUNSHBARD (FT.): (SIL'AC,
- :
0.0

ENTER TIME INTERVAL (SEC.) USED BY RUNGE-KUTTA INTEGRATION WHEN SILL IS
BETWEEN 90% & 95% OF ITS TOTAL TRAVEL: (DT90)
(DT90 < DT80Q)
b ]
0.0 .

ENTER 95% OF TOTAL TRAVEL OF SLIDING SILL BEFORE IT RUNSHARD (FT.): (SILL®I]
?

0.0

ENTER TIME INTERVAL (SEC.) USED BY RUNGE-KUTTA INTEGRATION WIEN SILL IS
BETWEEN 55% & l100% OF ITS TOTAL TRAVEL: (DT95)
(DT95 < DT90)
2
0.0

ENTER INITIAL SPEED OF TRAIN IN FT./SEC.: (VEL)
?
60.8

ENTER DISTANCE FROM START OF TRACK TO REAR OF LAST ' VENICLE AT
STARTING TIME (FT.): (XSTART)
?

5510.

TIME INTERVAL BETWEEN CALLS TO BRAKING ROUTINES (SEC.): '(TBRAKE)

(TYPICAL VALUE .2)
?

.2

ENTER TIME INTERVAL BETWEEN CALLS TO GRADE & CURVE RTNS.' (SEC.): (TGRADI)
(TGRADI > TTS, IF GRADE & CURVE DO NOT ' CHANGE OVER TRACK SEGMENT

OF SIMULATION; ELSE 'SUGGESTED TGRADI = .2)

?

.2

ENTER PARAMETER IN THE BETA METIIOD OF INTEGRATION: (BE)
(IF OTHER METHOD IS USED, ENTER 0.) :

?

.6667

14



:. ¥YOU HAVE REQUESTED 7 DISPLAY VENICLES.

ENTER 'POSITIONS OF THESE VEHICLES IN THE TRAIN CONSIST

ENTER POSITION OF DISPLAY VEHICLE 4 1
?
ENTER POSITION OF DISPLAY VEHICLE 8 2
ENTER POSITION OF DISPLAY VEHICLE § 3
-

ENTER POSITION OF DISPLAY VEHICLE # 4

25 - - :
ENTER POSITION OF DISPLAY VEHICLE # 5

35 .

ENTER POSITION OF DISPLAY VEHICLE f# 6
?

45

ENTER POSITION OF DISPLAY VEHICLE § 7
?

55
ENTER 2 SETS OF VALUES DENOTING SCHEDULES OF TRAIN 'HANDLING
FOR AUTOMATIC BRAKE: "

ENTER SET & 1
ENTER IBROPT: —-1=RELEASE;0=BAIL-OFF;1=APPLICATION

?
1

ENTER BRAKE CYLINDER PRESSURE ON LEAD LOCO. FOLLOWING
INITIATION (PSI): BCPT :
5

86.0

ENTER TIME OF INITIATION (SEC.): BTIMET (DEFAULT VALUE =' 099999,9)
1.0 B |

gNTER DISTANCE OF INITIATION (FT): EDISTT (DEFAULT VALUE' = 999999.9)

0.0
ENTER SPEED OF INITIATION (FT./SEC.): BVELT (DEFAULT °'VALUES:
INITIAL SPEED BVELT
>0 - =.000000001
=<0 999299.9
?
0



'ENTER SET # 2
ENTER IEROFI: -1=RELEASE}0=FAIL-0FF;1=AFFLICATION

.v? i

1

| ENTER BRAKE CYLINDER FRESSURE ON LEAD L.0OCO. FOLLOWING
—FNEFEATEONAPSEH—BERE —— e e i e e
7

3+36

ENTER TIME OF INITIATION (SEC.): BTIMEI (DEFAULT VALUE =’ 999999.,9)
?

& . - e et e o R -

X3
L= T

ENTER DISTANCE OF INITIATION (FT)?$ BOISTI (DEFAULT VALUE’ = 999999.,9)

0.0
ENTER. -SFEED OF--INITIATION. (FTo/SECe)s. BUELT(DEFAULT . VALUES? . .
INITIAL SFEED BUELT
%0 -+ 000000001
=i 290999 @ ——
0

ENTER SET # 3

ENTER—THROFT =t =RELEASE L O=RATL=0FF L =ARRLICATION—— —_—
1

e ey c—— e

ENTER ERAKE CYLINDER PRESSURE ON LEAD LDCO. FULLOUING
INITIATION (FSI): BCFI '

?

12,33

ENTER-TIME QF INITIATION (SEC Y- BIIMEL (DEFAULT VALUE = 292992.9). .
4.0

NT R DISTANCE OF INITIATION (FT)¢ BDISTI (DEFAULT VALUE’ = P99999.9)

L'A_{\
A 20 e - T TS et e e

ENTER SFEED OF INITIATION (FT./SEC.)?! BVELI (DEFAULT ‘VALUES?

—_— INITIAL-SREED- — RUELT
=0 -.000000001
=40 999999 ,9
_'?___._.. e et e e e o e ———— o e e+ oo - e am —- - ———- e e e o
0

16



ENTER IEROFI: —1*RELEASE$O*BGIL~DFF§iwﬁPPLICﬁTION

—_

1

INITIATION (FSI)$ ECPI

i
Dat W ¥ b | - - ————e b =t v e e et & e
SR TON -

ENTER TIME OF INITIATION (SEC.)?! BTIMEI (DEFAULT VALUE =’ 999999.9)

&3,
S S e —————

3.0

ENTER DISTANCE OF INITIATION (FT)Y?¢ RBOISTI (DEFAULT VALUE' = 999999.9)

.-?

0.0

ENTER SFEEDIN OF INITIATION (FT./8EC.): BVELL (DEFAULT “VALUES?
INITIAL SFEED BVELT
0 —F OGO ——— ey
=00 P99999.9

-3

.\
.o

Pe

ENTER SET & I

ENTER IRROFI: ~1=RELEASE?O=RAIL-OFF;1l=AFFLICATION
a!) .

—ry

A

ENTER ERAKE CYLINDER PRESSURE ON LEAD LOCO. FOLLOWING
FNEFEATEON—PS I - BEPE- - — - — — T

?

35.68

ENTER TIME OF INITIATION (SEC.)? EBTIMEI (DEFAULT VALUE =’ 999999,9)

v

2 FaY
(JeWV

ENTER LISTANCE OF INITIATION (FT): BDISTI (DEFAULT VAILUE’ = 999999.9)
—— - -

0.0

ENFER—SFEED- OF ~INEFIATION—FT ¢ ASEC v+ BVEL F- (DEFAULT VALUESE - -
INITIAL SFEED BVELT
>0 ~+000000001

OO 0D00
RO @ 7T 77 7%
i
~
v

17



ENTER SET # & .

?
1

'ENTER BRARE CYLINDER FRESSURE UN LEAH LOCO. FOLLOWING

-INITIATIDN (FSI) BCPI
43.89

1d+Hd¥~¥%HE—BF—%N{?%ﬁ%%ﬁN*%bb&v%r—B?£Mh+-4{$4¥NM:F"UAEUF——-99999919)

7 0

ENTER DISTANCE OF INITIATION (FT)?! BDISTI (DEFAULT VALUE’ = 999999.9)

!)

0
ENTER SFEED OF INITIATION (FT./SEC.)! BUELI (DEFAULT ‘VALUES:
ENEFEAL—GREEE- — BUELT
%0 -4 000000001
=40 999999, 9
00
ENFER—SEF—h—7

ENTER IRROFIS —inELEQSE$0=BAIL—OFFG1=APPLICATION

A

ENTER BRAKE CYLINDER FRESSURE ON LEAD LOCO., FOLLOWING
'iNTTlﬁTION (FSI)?: BCFI

;E o
ENTER TIME OF INITIATION (SEC )¢ BTIMEI (DEFAULT VALUE =’ 999999.9)

-
8.0 .

ENFER—BESTANEE—BF— ENFFIATEION ~(FT) i BIESTI— ¢ DEFAULF—VALUE - = 999999 .9
0.0 '
ENTER SPEED OF INITIATION (FT./SEC.): BVELI (DEFAULT ‘VALUES:!
INITIAL SFEED RUELT
o cmm———— remvem me e+ e e ~0__ . e = e ——— e m— 00000609_1_.._._____ rmcmiee o e e e e = — -
=50 999999, 9
?

18



ENTER SET # 8

ENTER IBROFI: —-1=RELEASEO=HAIL~OFF§1=APFLICATION

NH
P 3

ENTER ERAKE CYLINDER FRESSURE ON LEAD 1.OCO. FOLLOWING
4%&44#140N—4¢84%&—BQPI . R e e

”7.53

FNTER TIME OF INITIATIDN (ShC )3 BTIMEI (LEFAULT VALUE =’ 999999.9)

EVTER DISTANCE OF INIFIATION (FT). HDLSTI (DEFAULT UALUE' = 999999.9)

0.0
O ENITE AT ON—FF e AGEL - BVEL T~ IEFABL T UAES S -
INITIAL SPEED BVELT .
>0 ~+000000001

AP e QRQOOC O

ENTER SET # ?

ENTER BRAKE CYLINDER FRESSURE ON LEAD LOCO. FOLLOWING
INITIATION (PSI): EBCFI

-
31.7

ENFER—TIME—OF —INTTIATION —SEE > § ~BFIMET (DEFALET ~VaALHE =< ~956650,05 —.
? | - _
10,0

ENTER DISTANCE OF INITIATION (FT): EDISTI (DEFAULT VALUE’ = 999999.%)
7

0.0
ENTER SFEED OF INITIATION (FT./SEC.)?! BVELI (LDEFAULT ‘VALUES?
INITIAL SFEELD RVELT :
*0 , -.000000001
=40 999999 .9
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INITIATION (F8I): ECFI

—'3.4.7%___—....- PP — VS U
ENTER TIME OF INITIATION (SEC.)$ BTIMEI (LEFAQULT VALUE =’ 999999.9)

11.0

ENFER S TANCE—OF —ENFFEATEON—FTH-- BT — (BEF AUE T YALUE-S =99 9555 .9 )-

ENTER SFEED OF INITIATION (FT./SEC.): BVELI (DEFAULT “VALUES?

INITIAL SFEED RVELT
o Zin (e e g QOO O OO Lomrmmerr - o mrem+ n i o e e e e

=0 999999.9

7
>
v

ENTER SET & 11

ENTER IBROPI?! ~1=RELEASE#O0=BAIL-OFFs1=AFFLICATION
?

ik R . N L -

£

ENTER BRAKE CYLINDER FRESSURE ON LEAD' LOCO. FOLLOWING

ENTER TIME OF INITIATION (SEC.)?! BTIMEI (DEFAULT VALUE =’ 999999.9)

4 N
T o ——— + e e evrmn e e ot s e o=

ENTER DISTANCE OF INITIATION (FT): BLDISTI (DEFAULT VALUE’ = 999999.9)

INITIAL SFEED RVELT
»0 -+000000001

20 O00QQ0 O
N7 rrrrrrvz
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oo
P

40,99 XXX
1

ENTER BRAKE CYLINDER FRESSURE ON LEAD L.0CO. FOLLOWING
INITIATION (FS8I)¢ BCFI

?

40,99

ENTER TIME OF INITIATION (SEC.): BTIMEI (DEFAULT VALUE =’ 999999 9)
-? . -

t

12
TIF

ENTER DISTANCE OF INITIATION (FT)?: BDRISTI (DEFAULT VALUE’ = 999999.9)

0.0
EANFERSREEDOF—INETFIAT LON—F e ARGt BUE LT (DR AU T AL UES S e
INITIAL SFEED BVELT
=0 =, 000000001

SOVl o SNSRI -1 « 11 +1 =X S - E U

0

ENTER SET # 13

I-i !F'—R J E F' BP‘H ! E. I«-l I- q SE a O—BA'I'E"‘BPFA?.{: Al' |_"-L | E“ﬁ_‘_l “N — et e e s e e+ em + vme

P )

ENTER BRAKE CYLINDER FRESSURE ON LEAD LOCO. FOLLOWING
INITIATION (FSI): ECFI

4uIUﬁLJIME_DE_lNIIIAIION_LSEC‘LhJﬂJIEI_iDEEAULI_QALUh 999999,9) -

R N

NTER DISTANCE OF INITIATION (FT): EDISTI (DEFAULT VALUE” = 999999 9;

O =3 M

0O
i

- ENTER SFEED OF INITIATION (FT./SEC.)? BVELI (DEFAULT “VALUES?

—————INITIAL-SEEEL ~BUELT T
>0 -+000000001 :
=<0 P99999.9
'? = ——
0
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ENTER-SET 4——14— — R
ENTER TBROFI! ~1=RELEASE}0=BAIL~OFF 1=AFPLICATION

ENTER- -E‘M'WL-LNUE#—#&LS&%-QN—L“MIL-;L)LQ — O L OWING o
INITIQTION (PSI). BLPI' .

4 A> A'
HLION

ENTER TIME OF INITIATION (8S8EC.)? BTIMEI (DEFAULT VALUE =’ 99999%.97)

'J..Joo o . .
-+N¥ER~ﬁ{S$ﬁNPE*&F*%N+¥§ﬁ4{Bﬂ—+F¥++—B&%&*f—+ﬂ#FﬁHf¥—Hﬁ+HF4— - DROQLC 5 3
0.0
ENTER SFEED OF INITIATION (FT./SEC.): BVELI (DEFAULT ‘YALUESS
INITIAL SFEED BRVELT

=0 =-+000000001

=40 999999.9
7

ENTER SET # 15

ENTER IEBROFI! -1=RELEASE?O=RAIL~0FF#1=aFFLICATION

”

ENTER BRAKE CYLINDER PRESSURE ON LEAD LOCO. FOLLOWING
ENEFEATEON—PEEH—BER T ,

7 .

43.7

ENTER TIME OF I&ITIATIDN (SEC.)?: BTIMEI (DEFAULT VALUE =’ 999999 ?)
” ot

e )
Loy

ENTER DISTANCE OF INITIATION (FT): BOISTI (DEFAULT VALUE’ = 999999.9)

’:’ — e
0.0
) INITIAL SFEED RUELT i )
%0 ~.000000001
P .m_gsmu;gg,,, . e e
0

22



ENTER SET % 16

W*—-%WA%QFFW%MWMHW e
P , S ,

ENTER BRAKE CYLINDER FRESSURE ON LEAD LOCO. FOLLOWING
INITIATION (FSI): RCFI

46,02

.ENTER DISTANCE OF INITIATION (FT)$ EBDISTI (DEFAULT VALUE’ = 999999,9)

ENTER SFEELD OF INITIATION (FT./8EC.)¢ BVELIL (DEFAULT “VALUES?

R 3 0 £ 38 ar 3 a1 L = e Y T
>0 ~+000000001 .
=40 999992.9

_? "

0

ENFER-SET4—37

ENTER IBROFPI?! -1=RELEASE#O=BAIL~0FF;1=AFFLICATION

-_? .

1

ENTER BRAKE CYLINDER FRESSURE ON LEAD LOCO. FOLLOWING
INITIATION (FSI): RCFI

47.03
ENTER TIME OF INITIATION (SEC.)! ETIMEI (DEFAULT UVALUE =’ 999999,9)
18.0

ENFER-BESTFANCE—OF—INETF AT EON—F P BHSF R REFAUETF VAL UE L =—R03000 .0 5

g

0.0
ENTER SFEED OF INITIATION (FT./SEC.): BVELI (DEFAULT ‘VALUES:
INITIAL SPEED BUELT
— e 500000001 -
250 | 999999, 9
P .
O _ N I
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ENTER IEROFI! —1=RELEASE}O=BAIL-OFF1=AFFLICATION
7
e ' S

W Tod ko

_éNTER‘BRANE?CYLINDER FRESSURE ON LEAD LOCO. FOLLOWING

i

47.86

ENTER
Q0

PP9999.9)

ENTER DISTANCE OF INITIATION (FT)?! BDISTI (DEFAULT VALUE’ = 999999.9)

0.0
“INITIAL SFEED BUELT
=0 - 000000001
20 090009, @ e e e
0

ENTER SET # 19

ENTER—TEROFI =1 =RELEABE $0=BATL ~0FF# £ AR EATION - - —— e oo oom e e
?

1

ENTER BRAKE CYLINDER FRESSURE ON LEAD LDCD.AFOLLOWING
INITIATION (FSI)? BCFI

48y s\o15

NTER DISTANCE OF INITIATION (FT)>! BDISTI (DEFAULT VALUE’ = 999999.9)

- M

2

ENTER SFEED OF INITIATION (FT./SEC.): BVELI (DEFAULT ‘VAILUES?:

INITIAL SFEED EVELT
=0 -,000000001
=0 999999, 9
» ,
0
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ENTER—SEF—4—26 : —
r-"4 N g T o

ENTEh IBROPI'-—i%RELEASEioxﬂaxL-OFFa1mAPPLIcATx0N
4

ENTER—FRAKE -CYEENDER—PRESSURE—ON-LEAL- LOE 0 - FOEEBWENG
INITIATION (FSI): BCFI
IBS i e e S e e R . . o - . - N o

ENTER TIME OF INITIATION (SEC.)! RBTIMEI (DEFAULT UOLUE = 999999 ,9)

ENTER SPEED OF INITIATION (FT./SEC.)?! BVELI (DEFAULT ‘VALUESS

» INITIAL SFEEU o BVELT
o - \l\ L e . PaVaVaPa¥lalaTa¥elkl

=i0 P99999.9

&

ENTER SET # 21

ENTER IBROFI?! —~1=RELEASE?O=RAIL-0FF31=AFFLICATION

4.
"y -

ENTER BRAKE CYLINDER PRESSURE ON LEAD LOCO. FOLLOWING
INEFIATFEON—~RG---BEP R~ - '

ENTER TIME OF INITIATION (SEC.)?! BTIMEI (DEFAULT VALUE =’ 999999.%)
?

e
(=AM A4

ENTER DISTANCE OF INITIATION (FT)?¢ BLOISTI (LDEFAULT VALUE’ = 99999%9.9)
2 -

0.0
“ENFER—SPEER—OFINEFEATEON—AFFASEC+ - —FVEL T PEFAULF—CUALUES & —
INITIAL SFEED RVELT
20 -+ 000000001
YA 999999, 0 -
?
0
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ENTER SET # 22
ENTER—EBROPE - —bRELEASESO=BATE-OFF +L=ARRLICATION o
Aoy

ENTER BRAKE CYLINDER FRESSURE ON LEAD LOCO. FULLUNING
INITIATION (FSI): BCFI '

P

53,83 |
ENTER TIME OF INITIATION (SEC.)?! BTIMEI (DEFAULT VALUE =’ 999999.9)

P

37.0

ENTER LISTANCE OF INITIATION (FT)?! BDISTI (DEFAULT VALUE’ = 99999%.9)
? - S e S

ﬁgiJé;ﬂigiaayfgﬁa .
ENTER SFEED OF INITIATION (FT./SEC.)?: BVELI (DEFAULT ‘VALUES?
N A SREED—— ———BYELT S
»0 o -+000000001
= ' 999999, 9
0
ENTER-SET b 2B e o o e e e o+ e e s e e e e e e
ENTER IERROPI?Z -l;RELEASE§O=BQIL~OFF31=APFLICATION
1
49*125—3RAkE—8¥L4NﬂEﬁ“5RESSURE—ON—hEAD—LOCO+—LOLLﬂulNb — e
INITIATION (FSI)? BCFI
? -
5532
ENTER TIME OF INITIATION (SEC.)! BTIMEI (LEFAULT VALUE =’ 99999%.9)
38.0 ) S
-ENFER-BISFANCE-OR—INITIATION-(ET) - RIISTI (REEAULT-VALUE. .= 999929.9)
7
0.0

ENTER SPEEDl OF INITIATION (FT./SEC.)?! BVELI (DEFAULT ’VALUES?

INITIAL SFEED BVELT
=6 006060604
=0 ?99999.9
7
- —_ ————
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ENTER SET * 24

FNTER IBROFI?! -1=RELEASEO=RAIL-0OFF1l=AFFLICATION

)

3 e < e

ENTER BRAKE CYLINDER PRESSURE ON LEAD Loro. FOLLOWING
—ENEFFATION-4PSTH—BERE: ‘

ENTER TIME OF INITIATION (SEL ¢ BTIMEI (DEFAULT VALUE =’ 999999.9)
Bl : :

PO
ENTER DISTANCE OF INITIATION (FT){ BDISTI (DEFAULT VALUE’ = PPIPYP , 9
o )
'ENfERﬁmﬂﬁHrfﬁ?fﬁT%ﬁ%FHﬁfﬂﬁ?%%ﬁE&7++ﬁmﬂ&ﬂ%+ﬁEFﬁHt*—*ﬁﬁtﬂﬁ%%-—————
INITIAL SFEED BVELT
=0 -, 000000001
=40 999999, 9
0

ENTER SET # 25

N EREHROE LR EASE S O TP F AR EEATLON
?
1

b

ENTER BRAKE CYLINIDER FRESSURE ON LEAD LOCO. FOLLOWING
INITIATION (FSI)?! ERCFI

58,03

ENFER—FIME—OF—INTF AT ON-CSEE B FIME - BEF AU T VA HE =< 980000 .0 )

40.0

ENTER DISTANCE OoF INITIATION (FT)? BDIbTI (DEFAULT VALUE’ = 999999 9)

ENTER SFEED OF INITIATION (FT./SEC.): BRVELI (DEFAULT ‘VALUES?

—INETHAL-SFEED BUVELT S
»0 -+000000001
=<0 999999.9
_?__ "
0
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ENTER—SET——26 - SR : e
ENTER. TBROPIS. ~1=RELEASESO=BATL-0FF  1=AFFLICATION

1

ENTER—ERAKE S Y ENEER —FRES SURE—ON—L EAE 868 v—F Stk NG e« mrmn s -
INITIATION (FSI): ECFI

ENTER TIME OF INITIATION (SEC.)! BTIMEL (DEFAULT VALUE =’ 999999.%)

2. - —— r— - b o — =

41.00

ENTER SPEED OF INITIATION (FT./SEC.)>?! BVELI (DEFAULT ‘VALUES?

INITIAL SPEEL  BVELT
e 60000000+
=20 99999949
e — -

ENTER SET # 27

ENTER IBROFI:! -1=RELEASE;O=RAIL~0FF31=AFFLICATION

]
N .
= -———

ENTER BRAKE CYLINDER FRESSURE ON LEAD LOCO. FOLLOWING
INEFEATEONAPSEH—BERE —
?

59.87

ENTER TIME OF INITIATION (SEC.): BTIMEI (DEFAULT VALUE =7 299999.9)
I'P :

42,0

ENTER DISTANCE OF INITIATION (FT): BOISTI (DEFAULT VALUE " = 999999.,9)

0.0
ENTERGREER~GF—ENEFEAT LN~ SEE -+ BUEL T« DEFABET UALHES b
INITIAL SFEED BVELT
=0 -, 000000001
=4 996000 B - = -
7
0
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JENTER SET & 28 .
~ENTER—IRROF I%—-m‘i—.-‘-'*ﬁ?EL-EASE-H)-*ABA_I-M-OF F 3L AR P e LEAT L QN oo o e
7 . .

ENTER EBRARE CYLINDER FRESSURE ON LEAD LOCO. FOLLOWING
INITIATION (PSI)! BCFI '

ENTER DISTANCE OF INITIATION (FT){ BDISTI (DEFAULT VALUE' = 999999.9)

ENTER SFEED OF INITIATION (FT./8EC.)? BVELI (DEFAULT ‘VALUESS

—————INI T L AL-SREEL —BUELT SR O
20 =+000000001
' =40 P99999.9
- : : _
0
ENTER- SET-4—D29 . - —_— o e et e s e
ENTER IEBROFI$! -1=RELEASE;O=BAIL-0FF#1=AFFLICATION
= —
1

ENTERBRAKE-OYL INBER—FRESSURE-ON--LEADL060+— FOLLOWING - - - e
INITIATION (FSI): BCFI '
? .

2 .22\
W ¥ a7

ENTER TIME OF INITIATION (SEC.)?! BTIMEI (DEFAULT VALUE =’ 999999.%)

44,0

? :

622\6\0,0
ENTER SFEED OF INITIATION (FT./SEC.)! BUELI (DEFAULT ‘VALUES?
INITIAL SPEED RVELT
2 00000004 -
=40 999999, 9
0
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ENTER SET # 30
ENTER IBROFI?! -1=RELEASE3O=BAIL-0FF$1=AFFLICATION

?

&

ENTER BRAKE CYLINDER PRESSURE ON LEAD LOCO. FOLLOWING

7

62469

ENTER TIME OF INITIATION (SEC.)?: BTIMEI (DEFAULT VALUE =’ 999999.9)

[}
!

ENTER DISTANCE OF INITIATION (FT)?! RDISTI (DEFAULT VALUE’ = 999999.9)

0.0
.1 FEAFLON: ¢ ABE Gt B E LT T ALY T e
INITIAL SFEED KVELT '
=0 -, 000000001
=40 PRIQEO  Q
?
0

ENTER SET & 31

ENTFER—FHROPE - —1=RELEASE+0=BAH~0FF3-1=AFRE TEATEON—— e e - -
7

1

ENTER BRAKE CYLINDER FRESSURE ON LEAD LOCO. FOLLOWING
INITIATION (FSI)?: BCFI

2.87
BNFERFEME—BF—ENFEEATEON—CSEG B IME T~ PEFAUL T UALUE =£ §08000 )
P
46,0

ENTER DISTANCE OF INITIATION (FT)?: BDISTI (DEFAULT UALUE’ =.999999.9)
? ,

-0+ 5 R
ENTER SFEED OF INITIATION (FT./SEC.): BVELI (LEFAULT ‘VALUES:
INEFEAL—GREED BUELT -
>0 ~.,000000001
=0 999999 9
- -
0
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ENFER—GEF—— 32 —_— _—
ENTER IBROPI$ ~1=RELEASESO=BAIL-OFF§1=APPLICATION "

MMW@N LEADL 000 OB ING— e
NITIATION (PSI). BCPI I ,

ds '_iv‘a"--t

-'r"-a 1'
[ B R A = §

ENTER TIME OF INITIATION (SEC.)?! BTIMEI (DEFAULT VALUE =7 99999%9.9)
?
47.0

ENTER DiSTQNCE OF INITIATION (FT)! BOISTI (DEFAULT VALUE’ = 99999%.9)
?

0.0 _
ENTER SFEED OF INITIATION (FT./SEC.)$ BVELI (DEFAULT ‘VALUES:
INITIAL SPEED BVELT
-0 it OOOBOOOOL
=50 999999, 9
ird
9 e+ ——a e eee e e e e ieeee i am e meme e m e e

ENTER SET # 33

e il

ENTER IBROFI: -1=RELEASE?O=BAIL-~0FF1=AFFLICATION

'?

_.1.._ i s 4 4t e tee e e cammre o v e s < tmiisse seemes e s te asae wemim 4 i cee semmirs o s wass me-nian smreerm——— s <esemiemrs o emeie s s

ENTER BRAKE. CYLINDER PRESSURE ON LEAD LOCO. FOLLOWING
SENEFIATFEONPEER BRI

"P
63,65
ENTER TIME OF INITIATION (SEC.): BTIMEI (DEFAULT VALUE =’ 999999,9)
? ‘ ' L
4840
ENTER DISTANCE OF INITIATION (FT)! EDISTI (DEFAULT VALUE’ = 999999,9)
0.0 o
4?HEmhSPEED—9F—4N4ILAILON—LEI+ASEC«L*—HUELI~LDEEAUL1__MALUEsh___~____
INITIAL SFEED BVELT
0 © -,000000001
2O , 999999 9 o
" ,
0
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ENTER SET # 34

ENTER—LBROFI =1 =RELEASESO=RATL=0FF 31 =ARRLICATION — oo o
?

ENTER EBRAKE CYLINIER FRESSURE ON LEAD LOCO. FOLLOWING
[NITIATION (FSI)! BCFI

")

64 03

‘FN*ER—¥%HE~8F*%N%¥%Q¥$BN~+%EGT+r BEEMEL—(HBHEF AT A HE-—=L-R90999 .0 -

49.0

ENTER DISTANCE OF INITIATION (FT)! EOISTI (DEFAULT VALUE’ = 999999.9)
7 | |

.
\" A

ENTER SFEED OF INITIATION (FT./SEC.): BVELI (DEFAULT “VALUES:

—INFTEAL—SPEEDR o - e
0 , - =+000000001
=40 9999999
4

ENTER SET # 33

ENTER IBROFI? ~1=RELEASE}O=BAIL~-0FF;1l=AFFLICATION
P
1

ENTERBRARE YL INBERFPRESSURE—ON-LEALTE8C0 - FOLEOWING —-
INITIATION (FSI): BCFI

?
4423

hNTER TIME OF INITIATION (SEC.)! BTIMEI (LEFAULT VALUE =’ 999999.9)

50
7
0.0
ENTER SPEED OF INITIATION (FT./SEC.): BVELI (DEFAULT ‘VALUES? o
INITIAL SPEED BUELT
s - 000000001
=0 999999, 9
?
o
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-'SETS_OF 'VALUES: DENOTING SCHEDULES OF TRAIN:/HANDLING

SN P T ST P

ENTER SET # 1

}ENTER THROTTLE POSITION. CITHTLEG)
S .*8 000, 1“'BYNAMIC BRAhEv =INLEy 1 ++s 8=THROTTLE

0

~ENTER—TIME-BF—INEFEA TGN SEL v T ME- A DEFAULT--MALUE =2 999999, 9 )

?

ENTER DISTANCE OF INITIATION (FT)‘ THIST (DEFAULT VALUE’ = 999999.9)

'ENTER SPEED DF INITIATION. (FT./SEC.)? TVEL (DEFAULT ‘UALUES?
e FNEFE e SRR E R i B E LT

=0 =+ 000000001

=40 999999, 9
0

RUN (PROGRAM) FIS034.EXE.96

WELCOME TO DTAM-FIS INTERACTIVE PROGRAM

DO YOU WANT TO ENTER INPUT FROM TTY ?
(ANSWER YES' OR NO., IF NO, INPUT WILL BE TAKEN FROM FILE)

?
NO

ENTER NAME OF THE INPUT FILE
(MAX. 6 CHAR.)

2

FISDAT

MSG 2
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4.0 GRAPHIC OUTPUT

Plots of the results are obtained by executing the PLOTDT

program intefactively, as shown in Section 4.1.

It can be seen that the following plots are availabie:

1)
2)
3)
4)
5)

6)

Speed and distance travelled versus time,

Throttle setting and amperes versus time,

Grade and curvature versus time,

Automatic and independent brake settings versus time,

Maximum and minimum coupler forces for the entire
train versus time, and

Coupler forces and displacements versus time, for
up to a maximum of 21 selected vehicles.

These plots are shown in Figures 3 through 7 for this sample

problem. Only seven vehicles: Nos. 1, 5, 15, 25, 35, 45 and

55 were selected apriori for displaying the coupler forces, as

shown in Figures 8 through 14, respectively.
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4.1 Execution of the PLOTDT Program and Sample Output
Results

RUN PLOTDT

EggER TERMINAL SPEED IN CHAR/SEC.

¥ LELCOME TO DTAM-PLOT PROGRAM
X THE FOLLOWING PLOTS ARE AVAILABLE:
S.NO. NAME

CODE
1 SPEED & DISTANCE U8 TIME .................. 80T
2 THROTTLE & AMPS U/S TIME .................. TAT
3 GRADE & CURVE Us/S TIME = .................. GCT
4 BRAKE SETTINGCAUTO & INDEPENDENT) U/S TIME .. BSY
S MAX/MIN COUPLER FORCE U/S TIME OUER ENTIRE TRAIN CFT
6 COUPLER FORCES & DISPLACEMENTS UsS8 TIME ... cor

¥ ENTER THE THREE LETTER CODE OR THE SEG. NO. FOR EACH OF THE PLOTS
YOU ARE INTERESTED IN. PRESS (CR)> AFTER ENTERING ERCH COOE.
ENTER “ALL” TO DRAW ALL THE PLOTS.
ENTER “END" TO TERMINATE THE LIST.

¥ ENTER THE CODES NOW:
T ALL

7 END
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UEHICLEY .
1, S, 15, 38, 75. 45, 95,
4 PLERSE ENTER THE UEHICLE NOS. FOR WHICH YOU WANT COT PLOTS.
ENTER @ TO_ORA ALL THE RURILKELE FLOTS.
TERMINATE THE LIST BY ENTERING =1

T8
T =1

¥ MAX/MIN COUPLER FORCES 8 DISPLACEMENT U/S TIME PLOTS ARE AURILASLE FOR
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Coupler Force and Displacement vs. Time, for Vehicle No. 1 in
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in the Test Train.

9.75

.t
S en
o

8.25

n.0v

|
Lo
q L]
o

ZMEZMOT NN =D

TMEVCOO

—



108

)
T 1T 7 3

N
Y

h-.“
anne
—
LR

omrTCcoo
- @
|

Mmoo ™
i
cn
: Q
A1 11~#," Lt

L

LI

<
LI

o T 1 7

LI I B | (R T 11 T T
19 =B 0% 40

n
<

THb N

Figure 11. Coupler Force and Displacement vs. Time, for Vehicle No. 25
in the Test Train.
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Figure 12. Coupler Force and Displacement vs. Time, for Vehicle No. 35

in the Test Train.
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Coupler Force and Displacement vs. Time, for Vehicle No. 45
in the Test Train. - ‘ .
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Figure 14. Coupler Force and Displacement vs. Time, for Vehicle No. 55
in the Test Train. ‘
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