FREIGHT TRAIN SPEED CONTROL
ON THE NORTHEAST CORRIDOR
FINAL REPORT
IITRI PROJECT E06589
CONTRACT NO. DTFR53-82-C-00254
TASK ORDER NO. 3

E . ll R COMMITMENT TO EXCELLENCE

since 1936

21 - Freight Operations



" FREIGHT TRAIN SPEED CONTROL
ON THE NORTHEAST CORRIDOR
FINAL REPORT
" IITRI PROJECT E06589
CONTRACT NO. DTFR53-82-C-00254
TASK ORDER NO. 3

Prepared for:
Federal Railroad Administration

400 Seventh Street, S.W.

Washington, DC 20590

Prepared by:

Milton R. Johnson

IIT Research Institute
10 West 35th Street
Chicago, I11inois 60616

January 1988

IIT RESEARCH INSTITUTE



~ PREFACE

The work‘describedvin this report was conducted by IIT Research Institute
(IITRI).under authorization of Federal Railroad Administration (FRA) Contract
No. DTFR53-82-C-00254,_Task Order No. 3. The period of performance was from

~ August 10, 1987 to December 31, 1987. The work included the application of
Train Operation Models, which have been developed for the Research and Loco-

motive Evaluator/Simulator, to the analysis of longitudinal in-train forces
associated with the braking.of long freight trains in the Northeast Corridor.

Dr. Milton R. Johnson was the IITRI Project Manager for this work. He
was assisted by Mr. Graydon F. Booth. Messrs. M. Clifford Gannett and Garold

~ R. Thomas were the FRA Contracting Officers Technical Representatives on this

project. Their assistance throughout the course of the work is gratefully

acknowledged.
Respectfully submitted,
Milton R. Johnson
Senior Engineering Advisor
Railroad Technology Center
Approved:

/ f 43,/;;/ Fer

A. R. Valentino
Director. o
Electromagnetics and Electronics

IIT RESEARCH INSTITUTE

ii



= " Section
H

“ 1.
§

” 2.
E

)

L

’ 3.
>y
]

4.
o : 5 .

TABLE OF CONTENTS

Page No.

Introductionocll.tOl..olo..o..cccno..l.c.oo.........0b00...'...0.0.50.

1
1.1 Objective and SCOPCecsescscoscssssscsscssssscscsscssoscsscasssansel
1.2 Background..eessoecscsosescacsssessoscssscsssssessscssscssscssesel
1.2.1 Automatic Train Control on the Northeast Corridor..ceeeces.l
1.2.2 Simulation of Train Brakingeecceccsoccescosscssceccsennsnel

ProCedUrEeeessecescsosescssssssecscsossssssssessssscsascsnstsasasssssosesassssed
2.1 Train ConsistSeececececsccessoseeccocosssscssscssscscccssascscoscesd
2.2 Brake Application Procedur€eseceesscesessssscscsescscssscscssassed
2.3 Track CONAitioNS.eeesessssssscesessossassesssosssecesssssssnsesesd

8

2.4 Simulation of Train PYSEl Under Profi]e Curve RestrictionS.eeceeces

RESU]ts.oo.ocoo.o-oo.n.-oooo.o--oooonoooooo-t-ooo-000000.00.000000100.12

3.1 Straight and Level Track Simulation RUNS.eeececcsicscscasesssoseel?
3.2 Train PYSE1l Simulation Runs on the Northeast Corridor.cceceeececeslb
3.3 Simulation of Train PYSE1l Under Profile Curve RestrictionS......21

Conc1usi0nS.l..o......'c.c.l...oloo.....i....l.-...o.....l'o'occc500023

ReferenceS.-a.;00.,-..o...olo..l.oll;.ll........l..;...lo.'l.u.-0100024

7 Appendix.olo..'..o..c.......l...o-oo..l.o......n-...o..l.t.I..uo...ld.n.oozs

List

of Figures

b Fl.

F2.
| F3.
L F4.

- List

Coupler/Draft Gear Properties for Friction Draft Gear.sieceececscecesecsd
Preliminary Speed Profile Curves for the Northeast Corridor...........9
Northeast Corridor Track Profile 109.5 to 112.5 miles,
Track Grade Shown in Percent..eeececsccescescscscecssscsscsssacassocosell
Northeast Corridor Track Profile 114.5 to 117.5 miles,
Track Grade Shown in Percent.cceeecccesceccccessescccesssccscoccscnesl?

- Tl.
o T2.

T3.
T4.

of Tables

Summary of Results, Straight and Level TraCKeeeecececscesoesscesscaseell
Summary of Results, Northbound PYSE1l Northeast Corridor Runs

in the Vicinity of 110.6 m11es.......................................18
Summary of Results, PYSE1l Northeast Corridor Runs in the

Vicinity of 115.9 M TES e euessnseosassoseenssssnssasnsesasssonssassoesll
Summary of Results, PYSE1l Northeast Corridor Runs to

Profile Curve Speed ReStrictionSecececscsescssscscescssscessscscscaneeell

IIT RESEARCH INSTITUTE

iii



1. INTRODUCTION

1.1 OBJECTIVE AND SCOPE

This repdrf presents results from an analytic sthdy of the transient
draft ‘and buff forces which can be developed during the braking of 1ong'
freight trains. A wide variety of braking conditions were considered. The
work was conducted to provide guidance in the establishment of optimum Auto-
matic Train Control (ATC) procedures for freight trains operating on the
Northeast Corridor.

The analysis of the transient draft and buff forces was made using ad-
vanced train operations models which have been developed for the Research and
Locomotfve Evaluator/Simulator (RALES) which is located at IIT Research
Institute (IITRI) in Chicago. Ninety-one éna]ytical simulations of freight -
train braking were conducted. Sixty-seven of the simulations were made assum-
ing stfaight and level track. Twenty-four of the simulations were_cohducted
at specific locations on the Northeast Corridor. Four different train con-
sists were considered. '

1.2 BACKGROUND _ _
1.2.1 Automatic Train Control on the Northeast Corridor

A1l AMTRAK trains operating on Northeast Corridor tracks are equipped
with ATC devices that will automatically initiate braking in the event that
the cab signal indicates a reduction in train speed or a stop is necessary and
such action has not been initiated by the locomotive engineer. Freight trains
operating on the Northeast Corridor are not equipped with ATC. ATC devices
have been ordered installed on all controlling locomotives of trains operating
in the Northeast Corridor. The differences in the stopping characteristics of
freight trains with respect to passenger trains needs to be further investi-
gated to determine the performance specifications of freight train ATC devices.
Freight trains generally have much longer stopping distances and the effects
of slack run-in and run-out need to be considered because excessive slack
action can lead to train-derdilment. Also, since most freight cars have‘
single capacity brakes, deceleration rates of freight trains for a given brake

‘pipe reduction are highly dependent on the average gross weight per car. Once
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the optimum braking procedures for freight trains are properly understood it
will be possible to specify the desired performance characteristics of freight
train ATC devices.

1.2.2 Simulation of Train Braking

The computer simulation model which is used in conjunction with the
operation of the RALES facility represents all aspects of the operation of the
locomotive controls and the resulting consequences on the operation of the
train as a whole and on each car in the train. The length and weight of each
car are considered 1hdividua11y. The external forces acting on each car are
also considered individually. The braking forces, if the brakes are applied,
are calculated from the brake cylinder pressure, the characteristics of the
brake rigging, the type of brake shoe and the speed-dependent coefficient of
friction between the brake shoe and wheel. Rolling resistance forces are cal-
culated from the Davis equation. The forces due to track grade (gravity force
of 20 1bs per ton per percent grade) and the added rolling resistance due to
the track curvature are determined by the position of each car on the track.
The coupler forces at each end of the car are determined from a longitudinal
train force model.

The RALES train operations model utilizes a series of subsidiary models
to determine braking forces, longitudinal train forces, locomotive operation,
etc. The brake model uses parametric relationships to determine the braking
forces on each car based on the brake handle position on the locomotive
control stand and the time which had elapsed from its last movement. The
structure of the model and the results from its use are similar to the
Association of American Railroads (AAR)rTOS model. Transient forces between
cars are determined by a longitudinal train force model which considers
representative standard draft gear properties and coupler free clearances
between cars.

Because of the limitations of the original RALES models, more advanced
brake and longitudinal train force models have been deVe]oped. The new brake
model removes the restriction of a single brake valve type. It is based on a
fluid mechanic representation of the train brake system. The AAR is also
using this model in its new TOES model which will supercede TOS (See Ref. 1).

IIT RESEARCH INSTITUTE



A new version of the longitudinal train force model has also been developed.
It allows representation of the individual coup]er/draft—gear characteristics
on each car of the train. These characteristics are'represented by a force
displacement curve. The force displacement curve which represents con-
ventional friction draft gear (e.g., AAR Specification MI01E) is shown in
Figure 1. This curve is based on properties obtained from AAR tests (Ref. 2).
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2 PROCEDURE

This section describes the range of conditions which were considered in

the study. The principal variables were the type of train, the braking pro-

cedures and the track characteristics,

2.1 TRAIN CONSISTS

Four trains were identified for these simulations. Their characteristicé

are briefly summarized as follows:

1"

2-

PYSEl: A train of three SD 40-2 locomotives and 115 cars, 96 loads
and 19 empties. The cars range from 23 to 135 tons'in'gross weight.
This train has 9,161 trailing tons, 9,746 total tons and a total

length of‘7,521 feet. Ninety cars are equipped with AB brake valves

and 25 cars are equipped with ABD brake valves. Fifty-three cars
are equipped with cast iron brake shoes and 62 cars are equipped
with composition shoes.

TV24: A train consisting of three SD 40-2 Tocomotives and 60 cars.

This train has a uniform consist_ofv60 loaded flat cars, each with a

gﬁoss weight of 75 tons and 93 feet long. This train has 4,500
trailing tons, 5,085 total tons and a total length of 5,787 feet.
A11 of the cars are equipped with ABD brake valves and composition
brake shoes.

'CRCOAL: A train consisting of four SD 40-2 locomotives and 110

cars. This train has a uniform consist of 110 loaded hopper cars
each with a gross weight of 130 tons and 50 feet long. This train
has 14,300 trailing tons, 15,080 total tons and a total length of
5,776 feet. A1l of the cars are equipped with AB brake valves and. .
cast iron brake shoes.
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4. CRMIX: A train consisting of four SD 40-2 locomotives and 135
loaded cars. The cars range from 63 to 140 tons in gross weight.
This train has 14,500 trailing tons, 15,280 total tons and a total
length of 7,697 feet. Sixty-four cars are equipped with AB brake
valves and 71 cars are equipped with ABD brake valves. Sixty cars
are equipped with cast iron brake shoes and 75 cars are equipped
with composition shoes.

Although the improved RALES Tongitudinal model used in the analysis has
the capabilities of considering various coupler/draft-gear characteristics,
the analyses were conducted assuming that all cars were equipped with friction
draft gear. 'This was done so that COmparisdns could be made with TOS simu-
lation runs which are restricted by the assumption of friction draft gear for
all types of cars. The force displacement characteristics assumed for the
friction draft gear used in this study -are those shown in Figure 1. The brak-
ing ratios assumed for each of the cars were those used on previous TOS simu-
lations conducted by CONRAIL.

2.2 BRAKE APPLICATION PROCEDURE

Seven different braking scenarios were analyzed. with'each of these sce-
narios it was assumed that the initial brake pipe pressure was 90 psi with
train lTeakage of 5 psi/min. It was also assumed that the brakes were bailed
off on the locomotive units until the speed was reduced to 1 mph or less when
the independent brake was applied to give a 25 psi brake cylinder pressure.
The throttle handling varied with the individual cases, but it was reduced to
idle when the speed fell below 4 mph. The details of the individual -cases are
described as follows:

Case 1: Full Service Reduction. In this‘scenario a reduction of 26

psi was made in the brake pipe pressure. The throttle was gradually
reduced using the following procedure. At the time of the brake appli-
cation the motor current was noted and the throttle position was re-

~ duced by one. As the speed decreased and the current increased, the
throttle was reduced one notch at a time when the current built up to
the original value. Four different simulation runs were made With
initial speeds of 53, 43, 33 and 18 mph.

IIT RESEARCH INSTITUTE
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Case 2: Penalty Application with 20 Second Delay. In this scenario a

split service reduction was made. A 7 psi reduction was made at the
initiation of the braking and then after a 20 second delay the brake
pipe reduction was intensified to 26 psi. The throttle was reduced to
the Number 1 position at the initiation of braking. Four different
simulation runs were made with initial speeds of 50, 40, 30 and 15 mph.

Case 3: Penalty App]ication with 30 Second Delay. In this scenario a

split service reduction was made. A 7 psi reduction was made at the
initiation of the braking and then after a 30 second delay the brake
pipe reduction was intensified to 26 psi. The throttle was reduced to
the Number 1 position at the initiation of braking. Four different
simulation runs were'made with initial speeds of 50, 40, 30 and 15 mph.

Case 4: Temporary_SuppresSion. In this braking scenario a 7 psi brake

pipe reduction was made at the initiation of braking which was
gradually increased to 17 psi over 70 seconds. The initial reduction

~was held for 30 seconds and then additional 2 psi reductions were made

at 10 second intervals until the total brake pipe reduction was 17

psi. The throttle was gradually reduced following the‘procedure used
in Case 1. At the beginning of the braking the motor current was noted
and the throttle was reduced by one position. Subsequently, every time
the current increased to the initial value the throttle was reduced one
position. Four simulation runs were made at initial speeds of 50, 40,

30 and 15 mph.

Case 5: Temporary Suppression with Release. This scenario considered

speed reduction braking. The same procedures in Case 4 were used for
braking and when a targét"speed was reached the brakes were released.
Six simulation runs were made: an initial speed of 50 mph with release
at 15 mph, an initial speed of 50 mph with release at 30 mph, an
initial speed of 50 mph with release at 40 mph, an initial speed of 40
mph with release at 15 mph, an initid] speed of 40 mph with release at
30 mph, and an initial speed of 30 mph with release at 15 mph.

- IIT RESEARCH INSTITUTE
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Case 6: Temporaty Suppression with Release and Second Application.

This braking scenario included several train control procedures. First
there was a temporary suppression application following the procedures
given in Case 4 at 50 mph except that after the throttle was reduced by
one position it was not reduced further. When the speed decreased to
40 mph a release was initiated and the train was allowed to continue
for 1.9 miles. Then a second temporary suppression reduction'was'made
again following the procedures given in Case 4 including the successive
throttle reductions based on motor current until the train came to a

stop.

Case 7: CONRAIL Operating Procedure. This simulation of CONRAIL
operating procedures considered an initial 6 psi brake pipe reduction
that was held for 20 seconds and then a further reduction was made to a
total of 15 psi. After the second reduction the throttle was reduced
to idle, one position at a time, in 2 second increments. Three

simulation runs were made with initial speeds of 50, 40 and 30 mph.

2.3 TRACK CONDITIONS

Braking simulations for each of the trains were run assuming straight and
level track. The PYSEl train was examined for all 7 braking scenarios.
Selected braking scenarios were considered for the other three trains.

Braking of the PYSEl train was also analyzed at several Northeast
Corridor locations. These locations were selected by considering the results
of train operation simulations made by CONRAIL using the AAR TOS program. -

2.4 SIMULATION OF TRAIN PYSE1 UNDER PROFILE CURVE RESTRICTIONS

Six simulation runs of the PYSEl train were made at four locations on the
Northeast Corridor to simulate train operations in adherence to proposed
preliminary speed profile curves. These curves are shown in Figure 2. Each
curve corresponds to a different set of signal aspects. These are indicated
on page 10. ‘ '
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| Signal Aspect

Applicable Profile

Change in Speéd'

Previous Current Curve Restriction (mph)
Clear Approach-Medium 2 50 to 40
Clear Approach 1 50 to 20 -
Clear Restricting 4 50 to 20
Approach- ~ Approach 3 40 to 20
Medium _

Approach- Restricting 4 50 to 20
Medium

The six simulation cases are described as follows:

Case SP1 - There is a drop from clear to restricting of Signa1 No. 1102

at 110;23 miles when the train is running northbound at 110.6 miles. The
initial speed is 40 mph and Profile Curve No. 4 governs. An initial

brake pipe reduction.of 6 psi is made to reduce speed. This is sub- .
sequently increased in steps to 15 psi.

.Case SP2 - This case is the same as Case SP1 except that there is no
~attempt to control the speed of the train and the throttle is kept in the
~ initial Run 7 position. The profile speed curve is violated at approxi-

mately 109.4 miles while running at 32 mph and a penalty application is
initiated. ‘

Case SP3 - There is an approach indication at Signa] No. 1102 at 110.23 -

miles while running northbound. Initially dynamic braking is used to
reduce speed. The air brakes are applied to stop the train after the
speed has been reduced to 19 mph. The block is entered at 39 mph and
Profile Curve No. 1 governs. |

Case SP4 - There is an approach indication at Signal No. 1164 at 116.39

miles while running northbound. The block is entered at 37 mph and
Profile Curve No. 1 governs. Dynamic braking is used to reduce speed.
This is sufficient to stop the train because of the added resistance from
the grade of the track.

_CaseASPS_- There is an approach indication at Signal No. 1185 at 118,31

miles while the train is running southbound. The block is entered at 34
mph and the train speed is governed by Profile Curve No. 1. Dynamic
braking is used to reduce spéed.

IIT RESEARCH INSTITUTE
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Case SP6 - A code éhange to approach—medium occurs at 117.4 miles at a

speed of 40 mph while the train is running southbound. The speed is
reduced to 27 mph at Signal No. 1185 at 118.31 miles where there is an

- approach indication. Profile Curve Nos. 2 and 3 govern.

II'T RESEARCH INSTITUTE
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3. RESULTS

Three data summaries were developed fdr each simulation run. . The first
presented run summary data. The speed, distance, throttle position, motof
current along with the brake pipe reduction and the brake pipe pressure at
three locations in the train and the brake cylinder pressure on the lead loco-
motive and three locations in the train were provided at two second intervals.
The second summary displayed the state of slack in the train as a function of
time. This was done by printing out a line of characters where each character
represented one car in the train. A dash ("-") was used to indicate that the
car is blocked in a draft condition. An "X" was used to indicate the car is
blocked in a buff condition. Numbers from 1 to 5 were used to indicate
whether the car was moving in a buff region, moving in a draft region or
whether it was in a centered free slack condition. This information was. dis-
played at two second intervals. The third summary described the maximum
coupler forces on each car in the train in a four second interval. A line of
characters was again used to represent each car in the train. A numerical
designation from 0 to 9.was used to indicate a range in the absolute magnitude
of the force on each coupler. The preceding line was used to indicate the
sign of this force. An illustration of these data summaries is presented for
one of the simulation runs 1in the Appendix of this report. '

3.1 STRAIGHT AND LEVEL TRACK SIMULATION RUNS

The results from the braking scenarios on straight and level track are
summarized in Table 1. The maximum transient draft and buff forces, stop dis-
tance, and stop time are tabulated for each simulation. The car number
associated with the maximum transient draft and buff forces and the speed of
the train at the time the force was developed are also given. A brief de-
scription of the blocking phenomenon in the train is included for each case.

The table indicates that severe run-in forces were obtained at the
locomotives for the CRMIX train with temporary suppression braking at initial
speeds of 40 and 30 mph. This is due to the formation of a large buff block
at the rear of the train which moves forward and produces high buff forces
when it reaches the locomotives units. The large run-in forces are associated
with the draft gear going solid and are of short duration.

NT RESEARCH INSTITUTE |
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TABLE 1. SUMMARY OF RESULTS, STRAIGHT AND LEVEL TRACK

Maximum Transient Oraft

Initial and Buff Forces
Speed
at Stop Stop Maximum
. Case anc_l Braking Distance Time Forces Car Speed
Train Description (mph) (ft) (sec) (1000 1bs) Number  (mph) Remarks
PYSEL 1A Full Service 53 5789 105 163 55 0.1 Buff block builds in
Reduction -78 109 25 center of train and
43 4219 93 161 48 23 then makes transition
-85 109 14 to draft
33 2746 78 143 8 9
-121 84 27
18 : 1116 58 65 4 5
-156 74 14
PYSE1- 2A Penalty 50 . 5448. 104 153 55 0.1 Buff block builds in
Application =167 78 44 center of train and
with 20 Second 40 3924 92 144 48 13 makes transition to
Delay ~170 78 34 draft as train
30 2569 79 173 55 1 comes to stop
=174 73 24
15 990 59 ) 62 4 4
-131 84 7
PYSE1 3A  Penalty 50 5927 111 148 55 0.1 Buff block builds in
Application -160 84 42 center of train and
) with 20 Second 40 4302 99 162 55 11 makes transition to
Delay -162 84 . 32 draft as train comes
30 2844 87 197 55 0.1 to stop
-159 84 22
15 1112 . 66 59 4 4
-126 54 6
PYSEL 4A  Temporary 50 7989 153 115 55 1 Train stays mostly
" Suppression -30 108 33 in draft except for
40 5712 133 106 85 1 buff block which
-35 112 28 forms on approxi-
30 3586 111 . 88 55 1 mately last 15 cars
-43 114 13
15 1317 80 70 55 2
-28 71 8
PYSE1 5A  Temporary 50- -—- —-—- 198 55 a.1 Train stops
Suppression 15 release  --- -— -42 106 44
with 50- . --- - 181 55 15 Train slows to 13 mph
Release 30 release  --~- —— =42 106 44
50~ — -—— 106 " 55 29 Train slows to 26 mph
40 release --- -—- -42 106 44
40- - --- 192 39 0.1 Train stops
15 release  --- - -36 114 35
40- - --= 125 55 18 Train slows to 15 mph
30 release --- --- -36 114 35
30- - - 158 39 4 Train stops
15 release  --- - -41 114 14
For all cases, train
stays mostly in draft
except for small buff
block at rear which
makes transition to
draft after release
PYSE1 6A  Temporary 50~ 5752 161 113 55 30 Train slows to 27
Suppression 40 release -130 72 29 * mph; maximum draft
with Release 32 2nd occurs at release;
and Second applic. maximum buff at 2nd
Application application when
’ buff block forms be-
cause of delay in
brakes coming on at
rear of train
PYSE1 76 Conrail Procedure 50 6950 141 124 75 34 Three isolated buff
-48 20 45 blocks form in train
40 4869 120 124 75 35 and make transition
-58 109 17 to draft at stop
30 3037 98 154 75 17

-69 78 24

13
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TABLE 1. SUMMARY OF RESULTS, STRAIGHT AND LEVEL TRACK (continued)

Maximum Transient Draft

Initial and Buff Forces
Speed
at Stop Stop Maximum
. Case_ and Braking Distance. Time Forces Car ‘Speed
Train Description {mph) (ft) (sec) (1000 1bs) Number  (mph) Remarks
CRCOAL 1A Full Service 33 3613 105 104 109 9 Buff block forms but
Reduction . - -120 113 26 does not reach front
18 1316 67 96 5 4 of train
=173 111 13
* CRCOAL  2A  Penalty 30 3273 102 106 5 4 Buff block forms and
Agphcatmn -176 114 23 almost reaches front
with 20 Second 15 1167 68 97 24 5 of train .
Delay -166 114 8
CRCOAL 3A  Penalty 30 3642 112 105 5 4 Buff block forms and
Application : =178 110 24 almost reaches front
with 30 Second 15 1348 77 98 22 5 of train
Delay . =172 114 8
CRCOAL 4A  Temporary 30 5188 164 76 5 4 Train stops mostly in
Suppression =12 82 - 23 draft for 30 mph run;
15 1719 100 71 5 -4 buff block in rear
-61 114 2 half of train on
15 mph run
V24 1A Full Service 53 5173 97 59 61 18 Buff block forms
Reduction -80 63 49 mid-train working
43 3748 84 52 10 . 39 way almost to front
. -91 62 39
33 2480 71 55 7 30
) -96 63 30
18 952 50 35 2 16
-124 63 16
V24 2A  Penalty 50 5090 98 78 63 5 Buff block forms mid-
- Application ' -128 6 46 train and reaches to
with 20 Second 40 3675 87 67 45 4 front of train
Delay ’ -99 5 36 :
30 2488 76 61 2 27
-141 6 26
15 1017 57 86 7 12
-140 9 11
Tv24 3A  Penalty 50 5616 106 79 63 4 Buff block forms mid-
Application -144 2 45 train and reaches
with 30 Second 40 4110 95 63 5 36 . front of train
Delay -146 7 34
30 2814 84 73 5 27
-208 5 27
15 1167 65 91 8 10
-165 10 9
TV24 4A  Temporary 50 7099 143 40 62 32 Buff block forms on
Suppression -9 60 40 rear half of train;
40 4973 121 35 . 62 17 for 15 mph run it
-23 63 31 moves all the way to
30 3158 99 34 41 12 front
-43 63 24
15 1065 67 25 2 13
-70 63 12
CRMIX 1A Full Service 53 6259 116 160 2 50 Buff block forms and
Reduction =210 14 . 48 moves quickly to
43 4453 100 150 2 40 front of train
. -207 5 38
33 2888 84 140 2 30
-203 8 29
- 18 1135 59 131 2. 15
-209 112 15
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TABLE 1.

SUMMARY OF RESULTS, STRAIGHT AND LEVEL TRACK (continued)

Maximum Transient Draft

Initial and Buff Forces
Speed
at Stop Stop Maximum
Case and Braking Distance - Time Forces Car Speed
Train Description (mph) (ft) (sec) (1000 1bs) Number  (mph) Remarks
CRMIX 2A  Penalty 50 5853 113 115 5 4 Buff block forms and
Application . -247 5 45 moves to front of
with 20 Second 40 4181 99 114 5 4 train
Delay -263 5 34
30 2688 84 110 5 4
=242 5 24
18 1021 60 165 9 11
-256 5 8
CRMIX 3A Penalty 50 6442 122 118 5 4 Buff block forms and
Application =274 5 43 moves to front of
with 30 Second 40 4605 107 117 7 36 train
Delay =270 5 33
30 3004 92 120 7 26
-265 5 23
15 1133 67 167 2 9
) -238 85 8
\
CRMIX 4A  Temporary 50 9350 180 157 22 44 Buff block forms and
Suppression : =277 8 42 moves to front of
40 6468 153 180 22 34 train
-525 5 32
30 4110 127 154 7 26
-668 2 22
15 - 1458 90 153 9 10
-270 5 7
CRMIX 6A  Temporary 50~ 6570 185 197 22 44 Buff block forms and
Suppression 40 release =277 8 42 moves to front of
with Release 32.5, 2nd train on both
and Second applic. applications
Application
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The development of the buff block in the temporary suppression case for
the CRMIX train is highly dependent upon the way the .train is operated and
other assumptions which are made in the analysis. For example, if the
throttle reduction were to be delayed by allowing the motor current to build
up an additional 50 amps before the reduction of the throttle begins the maxi-
mum run-in forces would be reduced to -280 kips on the 30 mph run and -248
kips on the 40 mph run. However, the run-in forces would be increased on the
15 and 50 mph runs. Again, if it were to be assumed that there was an addi-
‘tional one inch of free clearance in the coupler/draft-gear system on each car
of the train, the maximum run-in forces would be reduced to -280 kips on the
30 mph run and -437 kips on the 40 mph run. This results from the delay in
the movement of the buff block forward in the train because more free clear-
ance has to be taken up. The corresponding forces for the 50 mph run would
also be reduced, but they would be inéreased on the 15 mph run., If both of
these assumptions are made, namely, the delay in the throttle reduction and
the increased free clearance, it again results in a reduction of the forces on
the 30, 40 and 50 mph runs, but increases them on the 15 mph runs. These re-
sults show that throttle handling and other assumptions in train character-
istics are quite significant in affecting the magnitude of predicted forces.

3.2 TRAIN PYSE1 SIMULATION. RUNS ON THE NORTHEAST CORRIDOR

Two sets of simulation runs were made with the PYSE1l train on the North-
east Corridor, one in the vicinity of 110.6 miles and the other in the vicin-
ity of 115.9 miles. The track profiles in the vicinity of these locations are
shown in Figures 3 and 4. The results of these runs are summarized in Tables
2 and 3. Prior to making simulation runs with braking, runs without braking
(except for speed control) were made from 112.3 to 109.2 and 119 to 114 miles.
These are designated as "0" cases. The train control procedures used on a
CONRAIL TOS simulation, which was designated as a northbound "PYSE-DRY" run,
were followed when operating between 112.3 to 109.2 miles. The CONRAIL
simulation indicated a maximum run-in force of -233 kips at car 115 at 110.38
miles. The train control procedures used on the CONRAIL northbound "PYSE-CMD"
run were followed when operating between 119 to 114 miles. This run used some
light braking to control speed between 118.6 and 117.8 miles. The CONRAIL
simulation for this run indicated a maximum run-in force of -240 kips at car
115 at 115.35 miles.
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TABLE 2. SUMMARY OF RESULTS, NORTHBOUND PYSE1l NORTHEAST CORRIDOR
RUNS IN THE VICIRITY OF 110.6 MILES

Maximum Transient Draft and Buff Forces

Initial

Speed at Stop Stop Maximum . Train
Case and Braking Distance = Time Forces Car Speed Location
Train Description (mph) (ft) (sec) (1000 1bs) Number {mph) (miles)
PYSE1l 08  Northbound 40.0 -— -—- 184 115 47 110.7
112.3-109.2 -208 115 46 110.4
No Braking
PYSE1 1B Full Service 46,2 3970 85 184 115 47 110.7
Reduction at : ~208 © 115 46 +110.4
110.4 miles
18 Full Service 46.5 4350 88 214 75 29 109.9
Reduction at -373 4 45 110.4
110.6 miles :
18 Full Service 47.6 4491 89 211 75 25 110.0
Reduction at 238 4 44 110.5
110.8 miles
PYSE1 28 Penalty 46.5 4357 89 208 5 20 109.8
Application ] -449 4 44 110.5
with 20 )
Second
Delay
Braking at
110.6 miles
PYSE1 38 Penalty 46.5 4717 96 193 5 20 109.7
Application -449 4 44 110.5
with 30
Second
Delay
Braking at
110.6
PYSE1 4B Temporarx 46,2 5745 128 197 115 40 109.9
Suppression -208 115 46 110.4
at 110.4 miles
48 Temporary 46.5 6168 129 184 115 47 110.7
Suppression ) -299 4 45 110.4
at 110.6 miles
48 Temporary 47.6 6061 126 183 o115 47 110.7
Suppression ' -198 115 46 111.1
at 110.8 miles
PYSEL 48 Temporary 45.6 5715 133 184 115 47 110.7
Suppression ) . =208 115 46 110.4
at 110.195 miles
PYSEL 1B Full Service 46.5 4027 83 213 5 17 109.9
Reduction at =317 4 47 110.5
110.6 miles, :
Throttle
Reduced to
Run 1 at
- Beginning of
Braking
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TABLE 3. SUMMARY OF RESULTS, PYSE1 NORTHEAST CORRIDOR
RUNS IN THE VICINITY OF 115.9 MILES

Maximum Transient Draft and Buff Forces

Initial . ] ;
Speed at Stop Stop Maximum - Train
Case and Braking Distance Time Forces Car Speed Location
Train Description (mph) (ft) (sec) (1000 1bs) Number (mph) {miles)
Northbound Runs
PYSE1 0C  Northbound 42 - — 130 115 41 114.6
119,0-114.0 -207 3 45 115.6
miles
No braking
(except speed
control)
PYSE1 IC  Full Service 44,1 4387 - 91 199 76 12 114.9
Reduction at =218 115 .46 115.5
115.7 miles
1IC  Full Service 43.3 4664 96 171 4 13 115.0
Reduction at <219 115 44 : 115.6
115.9 miles
1C  Full Service 41.6 4726 100 125 55 43 118.9
Reduction at -217 114 42 115.7 .
116.1 miles
PYSE1 4C  Temporary 43.3 7334 146 125 55 43 118.9
Suppression -208 115 46 115.5
at 115.9
miles
PYSE1 4C  Temporary 40.2 8321 169 125 - 55 43 118.9
Suppression -208 115 44 115.6
at 116.392 :
miles
Southbound Run
PYSE1 4D  Temporary 40 6657 128 187 115 47 117.7
Suppression -198 115 47 118.7
at 118.314
miles

19



Both of the IITRI "0" case simulation runs gave results which were in .
generé] agreement with the CONRAIL TOS runs. The speed profiles were similar.
The maximum force indicated by the IITRI run from 112.3 to 109.2 miles was a
run-in force of -208 kips at vehicle 115 at 110.38 miles. This compares to
the CONRAIL TOS result of -233 kips at vehicle 115 at 110.38 miles. The maxi-
mum force indicated by the IITRI run from 119 to 114 miles was a run-in force
of -207 kips at the front of the rear locomotive unit at 115.6 miles, and =202
kips at vehicle 115 at 115.5 miles. This compares to the maximum run-in force
predicted by the CONRAIL TOS run of -240 kips at vehicle 115 at 115.35 miles.
An examination of the IITRI blocking diagram shows that a buff block forms
about one-third of the way back in the train and moves forward. The fact that
it feaches the Tocomotive is sensitive to train handling procedures and grade
_ forces. The IITRI run, showing the block moving all the way forward to the
lTocomotives and resulting in a Targe run-in force, could be due to the grade
data used in the IITRI simulation runs which was slightly different from that
used by CONRAIL., IITRI used the grade information that had been recently
provided by AMTRAK. |

Both of thé IITRI "non-braking" runs were examined to determine locations
where brake applications might accentuate the slack action in the train lead-
ing to higher force Tevels. For the 112.4 to 109.2 miles case, a brake appli-
cation at 110.6 miles was selected and full service reduction (Case 1) and
temporary suppression (Case 4) simulation runs were made at this lTocation.
Runs were also made at 110.4 and 110.8 miles in order to determine the sensi-
tivity of results to location. The results showed that the largest run-in
forces were experienced at the rear locomotive unit for both the full service
reduction and temporary suppression cases at'110.6 miles indicating that this’
was the most critical location for brake application. The draft gear went
solid resulting in run-in forces over 300 kips. Subsequently the penalty
application cases with both 20 and 30 second delay were also run at 110.6
miles and they also indicated large run-in forces at the trailing locomotive
unit because the run-in was sufficiently severe to cause the draft gear to go
solid.

For the 119 to 114 miles case, 115.9 miles was selected as the location
for the full service brake app]ication. Maximum forces did not differ °
significantly from the non-braking run. Full service reduction runs were also
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made at 115.7 and 116.1 miles to determine the sensitivfty to location. These
runs showed minor differences from the forces predicted for the brake appli-
cation at 115.9 miles. The forces predicted for the temporary suppression

" run, Case 4C, also did not differ significantly from the non-braking run. In
this case the brake application on the rear of the train was delayed because
the brake-pipé pressure had not reached a steady state after the speed control
brake application, which was made from-118.6 to 117.8 miles.

3.3 SIMULATION OF TRAIN PYSE1l UNDER PROFILE CURVE RESTRICTIONS

The results from the simulation runs which were. conducted to examine the
behavior of train PYSE1l under profile curve restrictions are summarized in
Table 4. These results do not show any large transient draft or buff forces
associated w%th the dynamic or .air braking which was used to meet profile
curve restrictions,
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Train

TABLE 4.

Case and
Description

Initial
Speed
(mph)

SPEED RESTRICTIONS

SUMMARY OF RESULTS, PYSE:1 NORTHEAST CORRIDOR RUNS TO
PROFILE CURVE

Maximﬁm Transient Draft and Buff Forces

Maximum
Forces Car

(1000 Tbs) Number

Speed
(mph)

Train
Location
(mi]es)

PYSE1

'SPl

Northbound,
Clear to
Restricting

at Signal

No. 1102,

when Train is
at 110.6 miles

40

124 55
-170 T 115

0.1
40

109.7
110.4

PYSE1

SP2

Northbound,
Clear to
Restricting

at Signal No.
1102, Penalty
Application
from Violation
of Profile
Curve

40

163 55
-174 115

0.5
40

108.9
110.4

PYSEL

SP3

Northbound,
Approach
Indication
at Signal
No. 1102

40.

115 45
-193 65

2.7
14

107.5
108.8

PYSE1

SP4

Northbound,
Approach
Indication
a Signal
No. 1164

40

200. 115
-156 31

11
38

114.6
115.7

PYSE1

SP5

Southbound,
Approach
Indication
at Signal
No. 1185

40

227 4
-160 29

13
36

119.9
118.6

PYSE1

SP6

Southbound,
Code change

to Approach-
Medium at

117.4 miles,
then Approach
Indication at
Signal No. 1185

40

181 4
-143 115

12
33

119.9
118.7
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4. CONCLUSIONS

Several conclusions are evident from reviewing the results of the analyses.
First, long trains are more susceptible to severe slack action. This is shown .
by comparing the results from the braking simulations on straight and level
track for the PYSEL train with 115 cars with the CRMIX train with 135 cars.
Several of the CRMIX train case results indicated significantly higher forceé
with severe run-ins progressing through the train and reaching the loco-
motives. Second, if brake applications are made when the state of's]ack is
changing in the train, the transient forces associated with the slack action
may be intensified. This is shown by the PYSEl train simulations at 110.6

miles on the Northeast Corridor. There is a run-in that is propagated through

the train at this region when it is operated without braking, which is in-
tensified if a brake application is made at 110.6 miles. Third, the simu-
lations made to control speed in accordance with the speed restrictions
imposed by the preliminary profile curves showed that there is amplie time to
control speeds by moderate app11cat1on of either the dynamic or air brake so
that large transient 1ong1tud1na1 forces are not generated in the train.
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APPENDIX

The detailed data summaries for the simulation run of a full service

reduction on train PYSEL northbound on the Northeast Corridor at 115.9 miles

are presented in this appendix. This train has three SD 40-2 Tocomotive units
and 115 cars.

Three data summaries are developed.for each simulation run. The first
presents run summary data and is shown on pages 27 to 32. The speed; dis-
tance; throttle position; motor current; brake pipe reduction; the brake pipe
pressure at vehicles 4 (the first car), 40, and 118; and the brake cylinder
pressure on-the lead locomotive and vehicles 4, 40, and 118 are shown at two
second intervals. Note that there is a brake application from 118,578 to
117.789 miles, which was made to control the speed of the train. Note also

~ that the release on the last car is not complete until the train has reached

116.563 miles. The full service reduction is initiated at 115.900 miles,

242.0 seconds into the simulation. The train comes to a stop at 115.016 miles
at 337.6 seconds. The stop distance is 4,664 feet and the stop time is 95.6 |
seconds. ' :

The first data summary also gives a 1ist of the maximum draft and buff
forces on each car of the train during the simulation. This 1ist is presented
on pages 31 and 32. The time and the position of the front of the train when
each maximum and minimum force occurs are also included. At the end of the
table, on page 32, the throttle and changes in brake pipe pressure are
listed. The maximum draft and buff forces in the train are also identified
for speeds over 5 mph and under 5 mph.

The second data summary, pages 33 to 36, displays the state of slack in
the train. A dash ("-") is used to indicate that the car is blocked in a
draft condition. An "X" is used to indicate that the car is blocked in a buff
condition. Numbers from.1 to 5 are used to indicate whether the car is moving
in a buff region (1 or 2) or moving in a draft region (4 or 5) or whether it
is in a centered condition. The number 3 indicates a coupler/draft-gear
displacement less than %l1.2 inches, numbers 1 or 5 indicate displacements,
greater than 13.6 inches, and numbers 2 or 4 displacements between -1.2 and
-3.6 inches or +1.2 and +3.6 inches, respectivé]y.,
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The third data summary, pages 37 to 40, describes the maximum coupler
forces on each car in the train in four secohd intervals., This is done by
printing out a line of characters where each charactef represents one car in
the train. A numerical designation from 0 to 9 is used to indicate a range 1in
the absolute magnitude of the force on each coupler. Zero is used-to |
_represent a force less than 20,000 1bs absolute magnitude, "1" a force between
20,000 and 40,000 1bs absolute magnitude, etc. The character on the preceding
line (+ or -) is used to indicate the sign of this force.
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L2

TRAIN BRAKE SIMULATION RUN — FULL SERVICE REDUCTION
NORTHBOUND RUN, BRAKES APPLIED AT 115.9 MILES
TRAIN DESIGNATION: PYSE1-CASE 1C, INITIAL SPEED 42.0 (mph
3 LOCOMOTIVE UNITS 115 CARS
Spsi LEAKAGE

RUN SUMMARY FOLLOWS

TIME SPEED DISTANCE THROTTLE MOTOR B. P. REDUCT.
(sec) (mph) (ft) (miles) POSITION CURR. (Amp) (psi)
0.0 42.0 -2687. 119. 000 8 388. 0.
2.0 42. 6 -2563. 118. 976 8 384. 0.
4.0 43.0 -2437. 118. 953 8 382. 0.
6.0 43. 0 -2310. 118. 229 8 382. 0.
8.0 43. 1 -2184. 11B. 205 8 382. 0.
10.0 43. 4 —-2057. 118. 881 a 380. 0.
12:. 0 43.7 -1929. 118. 856 7 328. 0.
14.0 44. 0 -1800. 118. 832 7 327. 0.
16.0 44.3 -1670. 118. 807 7 326. 0.
18.0 44. 6 -1539. 118. 783 7 325. 0.
20. 0 45.0 -1408. 118. 758 7 323. 0.
22.0 45. 3 -1275. 118. 732 7 322. 0.
24. 0 45, 6 -1141. 118. 707 7 321. 0.
26.0 46.0 -1007. 118. 682 7 320. 0.
28. 0 46. 3 -871. 118. 656 7 3108. 0.
30.0 46. 7 ~734. 118. 630 7 317. 0.
32.0 47. 1 —-5964. 118. 604 .7 316. 0.
34.0 47. 4 —-457. 118. 578 6 276. 6.
36.0 47.8 ~318. 118. 551 3 275. &.
38.0 48. 1 ~177. 118. 524 ) 274, 6.
40. 0 48, 5 ~34. 118. 498 ) 273. 6.
42.0 48. 9 109. 118. 470 & 272. 6.
44.0 49. 2 253. 118. 443 ) a71. 6.
45.0 49.5 398. 118. 416 b 270. 6.
48. 0 49. 9 544. 118. 3688 ) 269. 6.
50. 0 50. 2 691, 118. 360 & 269, 6.
52.0 90. 5 839. 118. 332 & 268, 10.
54.0 20.7 F88. 118. 304 b 267. 10.
56.0 S51.0 1137. 11B. 276 ) 266. 10.
58. 0 51.2 1288. 118. 247 6 266. 10.
60.0 51. 4 1438. 118. 219 ) 265, 10.
62.0 51.5 1590. 118. 190 & 265. 10.
64.0 51. 6 1741. 118, 161 ] 265. 10.
66. 0 51.6 1893. 118. 133 ) 265. 10.
68. 0 51.7 2045. 118. 104 6 265, 10.
70.0 51.7 2197. 118. 075 ) 265. 10.
72:0 51. 6 2349. 118. 046 & 2495. 10.
74.0 51.5 2500. 118. 017 6 265. - J0.
76.0 51.4 2651. 117. 989 1) 265. 10.
78.0 51. 2 2802. 117. 9460 6 266. 10.
80.0 51.0 2952. 117. 932 6 264, 10.
82.0 50.7 3102. 117. 904 b 247. 10.
84.0 50. 5 3250. 117.875 6 268. 10.
B&. 0 50.8 3399. 117. 847 6 267. 10.
B88. 0 52. 9 3553. 117.818 ) 262, 10.
?0.0 52.3 3708. 117. 789 6 263. 10.
92.0 S51.8 3861. 117. 760 ] 264, 0.
94.0 51.4 4013. 117. 731 ) 2485, 0.
96. 0 51.0 4163. 117.703 ) 266. 0. ,



BRAKE PIPE PRESSURE(psi) BRAKE CYLINDER PRESSURE(psi)

Veh. 4 Veh. 40 Veh. 118 Veh.1 Veh.4 Veh. 40 Veh. 118
89. 85. B4. 0. 0. 0. 0.
89. 85. 84. 0. 0. 0. Q.
89. 85. 84. 0. 0 0. 0.
89 a5. 84 0. Q. 0. 0.
89 85. 84 0. 0. 0. 0.
89 B85. B4 0. 0. 0. 0.
89 85. 84 0. 0. 0. 0.
89 a85. 84 0. 0. 0. 0.
89 85, 84 0. 0. 0. 0.
89 85. B84 0. Q. 0. 0.
89 as. 84 0. 0. 0. 0.
89 85. 84 0. 0. 0. 0.
89 B5. a4 0. 0. 0. 0.
89 85. 84 0. 0. 0. 0.
89 85. 84 o. [¢] 0. 0.
89 a5. 84 0. 0. 0. 0.
89 B85. 84 0. 0. 0. 0.
85 as. 84 0. 3. 0. 0.
84 85. 84 0. S. 0. 0.
84 84. 84 0. 5. 0. Q.
[=Xc] 83. 84 0. 9. 0. 0.
83 83. B84 0. 6. 5. 0.
83 B8a. 83 0. 7. 5. 0.
83 82. 81 0. 7. 9. S.
83 81. 81 0. 8. 5. S.
83 a1. 80 0. 9. 9. S.
80 80. 80 0. 16, S. S.
80 80. 79 0. 17. S. 5.
80 79. 79 0. 19. 7. S.
79 79. 78 0. 20, 9. 6.
79 78. 78 0. 20. 10 8.
79 78. 78 0. 21. 11 9.
79 78. 78 0. 21, 11 9.
79 78. 78 0. 21, 12 9.
79 78. 78 0. 21. 12 9.
79 78. 77 0. 21, 12 9.
79 78. 77 0. 21. 12 9.
79 78. 77 0. 21. 13 9.
77 78. 77 0. 21. 13 2.
79 77. 77 0. 21. 13 9.
79 77. 77 0. 21. 13. 9.
79 77. 77 0. 21 13. 11
79 77. 77 0. 21 13. 11
79 77. 77 0. 21 14, 11
79 77. 77 0. 21 14, 12
79 77. 77 0. 21 14. 12
a2 77. 77 0. 20 14, 12
85 77. 77 0. 16 14, 12
86 77. 77 o. 13 14, 12
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RUN SUMMARY (CONTINUED)...TRAIN PYSE1-CASE 1C INITIAL SPEED

TIME SPEED DISTANCE THROTTLE MOTOR B.P. REDUCT.
(sec) (mph) (ft) (miles) POSITION CURR. (Amp) (psi)
98. 0 50.8 4313. 117.674 & 267. 0.
100. 0 50. 7 4442, 117, 646 b 247. 0.
102. 0 50. 9 4611. 117. 618 133 247. a.
104. 0 51.3 4742. 117. 589 2} 264. 0.
106. 0 51. 4 4913. 117. 561 6 265. 0.
108. 0 51. 4 5044. 117. 532 7 302. 0.
110.0 51.3 5215. 117. 503 7 302. 0.
112. 0 51.0 5345. 117. 475 7 303. 0.
114.0 50.8 55185. 117. 447 7 304. 0.
116.0 50. 5 5664. 117. 418 7 305. 0.
118. 0 50.2 5812. 117. 390 7 306. 0.
120. 0 49. 8 5959. 117. 362 7 307. 0.
122. 0 49. 5 6105. 117. 335 7 308. 0.
124. 0 49.2 6250. 117. 307 7 309. 0.
126. 0 48. 8 6394. ' 117.280 & 272. 0.
128.0 48, 4 6537. 117.253 & 273. 0.
130. 0 48. 1 6678. 117. 226 & 274. 0.
132. 0 47.8 6819. 117. 199 & 275. 0.
134. 0 47.5 &959. 117. 173 & 276. 0.
136. 0 47.3 7099. 117.147 & 277. 0.
138.0 47. 0 7237. 117. 120 & 277. 0.
140.0 44. 7 7375. 117. 094 b 278. 0.
142. 0 44. 4 79512. 117. 068 & a79. 0.
144. 0 44. 2 7648. 117. 042 6 280. 0.
146.0 45. 8 7784. 117.017 & 281. 0.
148. 0 45.5 7918. 116. 921 & 282. 0.
150. 0 45. 1 8051. 1146. 964 & 283. 0.
152. 0 44.7 8183. 116. 941 6 284. 0.
154.0 44 4 8314. 114. 9216 6 286. 0.
156. 0 44, 0 8444. 116. 892 23 287. 0.
158. 0 43. 7 8573. 116. 867 &6 288. 0.
1460. 0 43. 4 8701. 116. 843 6 289. 0.
162.0 43. 1 8828. 116. 819 6 290. Q.
164.0 42. 9 8954. 116. 795 3 290. 0.
166.0 42. 6 9080. 116.771 6 291. 0.
168. 0 42. 4 9205. 114.748 6 292. 0.
170.0 42. 1 9329. 116. 724 6 293. 0.
172.0 41. 9 ?452. 116. 701 & 294, 0.
174.0 41. 6 9575. 1146. 678 & 295. 0.
176.0 41. 4 94697. 114. 654 6 296. 0.
178.0 41.2 9818. 116, 631 &6 296. 0.
180. 0 41.0 937. 116. 609 & 297. 0.
182. 0 40.8 10059. 116. 586 & 298. 0.
184.0 40.7 10179. 116. 563 & 298. 0.
186.0 40. 5 10297 116, 541 &6 299. 0.
188. 0 40. 4 10418. 114. 518 7 343. 0.
190.0 40. 4 105364. 116. 495 7 343. 0.
192.0 40. 3 10655. 116, 473 7 343. 0.
194, 0 40. 2 10773. 116. 451 7 343. 0.
196. 0 40. 2 10891, 116. 428 7 343. 0.



42.0 (mph)

BRAKE PIPE PRESSURE(psi) BRAKE CYLINDER PRESSURE(psi)

Veh. 4 Veh. 40 Veh.118 Veh.1 Veh.4 Veh. 40 Veh. 118
86. 77. 77. 0. 11, 14. 13.
a87. 77. 77. 0. a. 14 13
a7. 77. 77. 0. 6. 14 13
a7. 77. 77. 0. 5. 14 13
a7. 78. 77. 0. 5. 14 13
87. 78. 77. 0. 5. 14 13
87. 78. 77. 0. 5. 14 13
a7. 78. 77. 0. 5. 14 13
87. 78. 77. 0. 5. 14 13
e8. 78. 77. 0. 5. 13 13
8a. 76. 77. 0. 5. 11. 13.
aa. 78. 77. 0. 5. 8. 13.
a8. 78. - 77. 0. 5. 6. 13.
a8. 78. 77. 0. 5. 5. 13.
88. 79. 77. 0. 5. 5. 13.
88. 79. 77. 0. 5. 5. 13,
88, 79. 77. 0. 0. 5. 13.
88. 75. 77. 0. 0. 5. 13.
88. 79. 77. 0. 0. 5. 13.
88, 79. 77. 0. 0. 5. 13.
88. 80. 77. 0. 0. 5. 13.
88. 80. 77. 0. 0. 5. 13.
88. 80. 77. 0. 0. 5. 13.
as. 80. 77. 0. 0. 5. 13.
88. 80. 77. 0. 0. 5. 13.
28. 80. 77. 0. 0. 5. 13.
g, 80. 77. 0. 0. 0. 13.
88. 80. 77. 0. 0. 0. 11,
as8. a1. 78. 0. 0. 0. ?.
aa a1. 78 0. 0. 0. 7.
=] a1. 78 0. 0. 0. 5.
88 81. 78 0. 0. 0. 5.
=] 81. 79 0. 0. 0. 5.
as B81. 79 0. 0. 0. 5.
a8 1. 79 0. 0. 0. 5.
a8 a1. 79 0. 0. 0. 5.
asg a1. 79 0. 0. 0. 5.
as a1. 80 0. 0. 0. 5.
88 81. 80 0. 0. 0. 5.
88 81. 80 0. 0. 0. 5.
a8 81. 80 0. 0. 0. 5.
88 a1. 80 0. 0. 0. 5.
88 81. 80 0. 0. 0. 5.
88 82. 80 0. 0. 0. 0.
88 82. 80 0. 0. 0. 0.
28 82. 80 0. 0. 0. 0.
88 ga. 80 0. 0. 0. 0.
88 8s2. 80 0. 0. 0. 0.
88 ez2. 81 0. 0. 0. 0.
88 a2. 81 o. 0. 0. 0.
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RUN SUMMARY (CONTINUED)...TRAIN PYSE1-CASE 1C

TIME SFEED DISTANCE THROTTLE MOTOR
(sec) (mph) (ft) (miles) POSITION CURR. (Amp]
198. 0 40. 2 11010. 116. 406 7 344,
200. 0 40. 2 111286. 116, 383 7 344,
202. 0 40. 2 11246. 116. 361 7 343.
204. 0 40. 2 11364. 116. 339 7 343.
206. 0 40. 3 11483. 116. 316 7 343.
208. 0 40. 3 11601. 116. 294 7 343.
210.0 40. 4 11720. 116. 271 7 342,
212. 0 40. 5 1183%. 116. 249 7 342.
214.0 40. 6 11958, 114. 226 7 342.
216.0 40. 8 12078. 116,204 7 341,
.218.0 40. 9 12198. 116. 181 7 340.
220.0 41. 1 12318. 116. 158 7 340.
222.0 41. 2 12439. 116. 135 7 339.
224. 0 41. 4 12561. 116. 112 7 338.
226. 0 41. 6 12683. 116, 089 7 337.
228. 0 41.8 12805. 116. 065 7 336.
230.0 42.0 129292 116. 042 7 335.
232. 0 42. 3 13053. 116. 019 7 334.
234.0 42. 5 13177. 115. 995 7 333.
236. 0 42.7 13302. 115. 972 7 332.
238.0 42. 9 13428. 115. 948 7 331.
240. 0 43. 1 13555. 115. 924 7 331.
242.0 43. 3 13482. 115. 900 6 289.
244.0 43. 4 13809. 115.876 6 289.
246. 0 43. 4 13937. 115. 851 6 289.
248.0 43. 4 14064 115, 827 6 289.
250.0 43. 3 14192, 115. 803 & 289.
252. 0 43. 1 14319. 115.779 6 290.
254.0 42.8 14445, 115. 759 6 291.
256. 0 42.7 14570. 115, 731 & 291,
258. 0 43. 5 14697. 115. 708 ) 289.
260. 0 44. 9 14827. 115. 683 ) 284.
262. 0 44. 9 14940. 115, 658 & 284.
264. 0 44. 8 15091. 115. 633 3 284,
266.0 44. 5 15223. 115. 608 ] 285.
268. 0 44. 3 15353. 115. 583 b 286.
270.0 44. 4 15484. 115. 559 6 285.
272.0 44. 4 15614, 115. 534 & 285.
274.0 44. 1 15744, 115, 509 ) 287.
276. 0 43. 5 15873. 115, 485 6 288.
278. 0 42. 8 16000. 115, 461 6 291.
280.0 42. 2 16125, 115. 437 & 293.
a2g82. 0 41. 35 146248. 115. 414 ) 295.
284. 0 41.0 16369, 115, 391 & 297.
286. 0 40. 4 146489. 115. 348 ) 299.
288. 0 39.7 165607, 115. 346 ) 302.
290. 0 38. 9 16722. 115. 324 6 305.
292. 0 38.0 16835. 115. 302 & 308.
294. 0 37.0 16946. 115. 282 & 313.
2946. 0 36.0 17053. 115. 261 6 317.



INITIAL SPEED 42.0 {(mph)

B.P. REDUCY. BRAKE PIPE PRESSURE(psi) BRAKE CYLINDER PRESSURE(psi)

 (psi) Veh. 4 Veh.40  Veh. 118 Veh.1 Veh.4 Veh.40 Veh. 118
o. 88. ga. 81, 0. 0. 0. 0.
0. 88. 82.. 81. 0. 0. 0. 0.
0. 8e. 82. 81. 0. 0. 0. 0.
0. es. g2. 81. 0. 0. 0. o.
0. 8e. g2. “B1. 0. o. 0. 0.
0. 8. g2. 8. 0. 0. 0. 0.
0. 88. 8z. 81. 0. 0. 0. 0.
0. 86. 82, 81. 0. 0. 0. 0.
0. ae. 8z, et. 0. 0. 0. 0.
0. es. 82. 81. 0. 0. 0. 0.
0. 8. ez. 81, 0. 0. 0. 0.
0. =) 82. 81. 0. 0. 0. 0.
0. 88. B2. 81. 0. o. 0. o.
o. 88, 82. 81. 0. o. 0. 0.
0. as. 8a. B1. 0. 0. 0. o.
0. ) 82. - 81. 0. o. 0. 0.
0. 88, 82. 81. 0. o. 0. 0.
0. 88. g2. 81. 0. o. 0. 0.
0. 8s. 82. 81. Q. 0. 0. o.
0. 8se. 82. 81, 0. 0. 0. 0.
0. 8. g2, - B1. 0. 0. 0. 0.
0. - 88. 8a. 81. 0. 0. 0. 0.

26. es. g2, 81. 0. 0. o. 0.
26. 84. a2, 81, 0. 5. 0. o.
26. 81. 82. 81, 0. 10. 0. 0.
26. 79. e1. 81, o. 16. 0. 0.
26, 77. 80. 81, 0. 22, 0. 0.
26. 76, 79. a1, 0. 26, 5. 0.
26. 75. 79. 81, 0. 30. 5. 0.
26. 73. 78. 78. 0. 3s. 5. 5.
26. 72. 77. 78. 0. a7. 5. 5.
26, 71. 77. 77. 0. 40. 5. 5.
26, 70. 76. 76. 0. 43, 8. 5.
26. 70. 75. 75. 0. 46, 10 5.
26, 69. 75. 75. 0. 48. 12 7.
26. 8. 74, 74. 0. 51 14, 9.
26. 67. -73. 74. 0. 53 16. 10
26, 67. 73. 74. 0. 55 18. 10
26. b6, . - 72 73. 0. 57 19, 12
26, 5. 72, 73, 0. 59 21, 13
26, 69, 71. 73. 0. &0 22. 14
26, 5. C71. 72. o. 60 24, 16
26 65. 70 72 0. 61 25, 17
26 65. 70 71 0. a1 27. 18
26 65. 70 71 0. 61 28. 19
26 &5, 69 71 0. 61 29. 21
26 65 69. 70 0. 62 31, a2
26 65 &8, 70 0. 62 a3z, 23
26 65 &8. 69 0. 62 33. 25
26 64 68. 69 0. 62 as. 24
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RUN SUMMARY (CONTINUED)...TRAIN PYSE1-CASE 1C INITIAL SPEED 42.0 (mph)

TIME SPEED DISTANCE THROTTLE MOTOR B.P. REDUCT. BRAKE PIPE PRESSURE(psi) BRAKE CYLINDER PRESSURE(psi)
(sec) (mph) (ft) (miles) POSITION CURR. (Amp) (psi) Veh. 4 Veh. 40 Veh. 118 Veh.1 Veh. 4 Veh. 40 Veh. 118
298. 0 35.0 17157. 115. 241 & 3=2. 24, &4, &7. 69. 0. &2, 3s. a7z.
300.0 33.9 17259. 115. 222 & 327. 26. &4, &7. 48. 0. 62, 36. 28.
302.0 32.7 17357. 115. 204 S 290, 26. &4, 67. 48. 0. 62, 37. 30.
304.0 31. 4 17451, 115. 186 S 295. 26. 64, 66. &7. Q. &3. 3s. 31.
306.0 30. 1 17541. 115. 169 S ao02. 26. &4. 6. : 67. 0. a3, 39. 32.
308. 0 28.8 17428. 115. 152 9 308. 264, 64, &6, 57. 0. &3. 40. 33.
310.0 7.5 17711, 115. 137 3 316. 26. 64. 66, &66. 0. 63. 40. 34.
312.0 26. 1 17789. 115. 122 2 325. 26, 64, 65. 66. 0. 63. 41. 35.
314.0 24.6 - 17864. 115. 108 4 292. 26. . 64, &5. 66. 0. 63. 42, 364.
316.0 23. 1 17934. 115. 094 4 321. 26. &4, 65. 65. 0. 63. 43. az.
318.0 21.5 17999.. 115.082 3 290. 26. 64, - 65. 5. Q.. 63. 43, 38.
320. 0 19.8 18040. 115. 071 3 312. 264. 64, &4. 65, 0. 63. 44, 39.
322. 0 18. 2 18116, 115. 060 2 262, 26. 64, 64, 64. 0. &3. 45. 40.
324.0 16. 4 181467, 115. 050 2 278. 26. 64, 64, &4, 0. &3, 45. 41.
326.0 14.7 18212, 115.'042 2 294. 26. . &4, 64. 64. 0. &4 46. 41
328.0 12. & 18253. 115, 034 2 311. 26. &4, 64. &4, 0. 64 44, 42
330.0 10.0 18285. 115. 028 1 226, 26. 64. 64. 64, 0. 64 47. 43
332. 0 7.8 18312. 115. 023 i 237. 26. &4. 63. &3. 0. &4 47. 43
334.0 5.9 18331. 115.019 1 248. 264. &63. 63. 63. 0. &4 48. 44
336. 0 2.6 18343. 115. 017 o] 0. 26, 63. &43. &3, 0. &4 48, 44
337. 6 0.0 18346. 115. 016 (o] 0. 26, T 63, 63. &3. 25. &4 49, 44



LE

MAXIMUM AND MINIMUM VEHICLE COUPLER FORCES(LBS) WITH TIME(sec) AN

RUN SUMMARY (CONTINUED)...TRAIN PYSE1-CASE 1C INITIAL SPEED

FRCMAX

0.
85534.
127325,
170789.
168499,
163747,
158761,
153312.
148585.
1449355,
13946%93.
136584,
132945.
129736.
126594.
123537.
120561.
117667,
114849,
112107,
109437,
107654.
106413.
104796.

103315,

101972.
101976.
103558.
105139
106519.
125968.
111508.
108973.
109229.
109313.
111088.
112745,
114461,
116200.
116364,
116355.
117199.
118064,
118878.
1199461,
120579.
122330.
124639,
127281,
130049,

TMAX

0.
88.
328.
328.
328.
328.
328.
3z28.
328.
328.
azs.
328.
328.
328.
328.
328.
3a8.
328.
328.
328.
328.
327.
327.
.11

32

327.
326.
173.
173.
173.
. 68
.37
. 84
. 68
. 68

RN ANANTH
NN
[ARA RN A

WWW
WWW
aau

NNNNNNNNNNNN

00
44
23
22
23
o4
25
a7
30
32
34
34
34
34
a4
34
a4
34
34
a4
34
20

16

04
9
&8
68
&8

a7
26
24
24
23
22
20
17
15
13
11
09

.24
.19
.10
335.

04

DISTANCE

0.
3587.
18257.
18256.
18257,
18257.
18257.
18257,
18258.
18258.
18259.
18259.
18259.
18259.
18259,
18259.
18255,
18259.
18259.
18259,
18259.
18237.
18236.
18235,
18234.
18233.
9555.
9555,
9555.
9555,
18220.
18230.
9555.
9555.
-2231.
-2231.
-2233.
-2233.
-2233.
-2234.
-2235.
-2237.
-2238.
-2239.
-2241.
-2242.
18340.
1833%.
18339.
18338.

FRCHMIN

0.
~2027%0.
—-203384.
~200986.
-14646584.
-150102.
-142293.
~135334.
-129548.
-125280.
-120885.
—-116522.
~-112937.
-109613.
-106997.
-104191,
~1015645.
-98742.
-95848.
—-23%22.
~24251.
-97627.
—100154.
~102949.
-105272.
~10Q7433.
~109747.
-111934.
-113840.
-115238.
~116134.
~117099.
-117999.
-119812.
~120947.
-121970.
~-122958.
~124513.
-126187.
~-127745.
-128711.
-129481.
-130513.
-131597.
-133170.
~=134557.
-135887.
-137113.
-139703.
~142365.

TMIN

0.
86.
8s5.
85.

85

00
13
87
57

. 40
85.
85.
.82
.13
.13
.13
.14
.14
.15
.13
.16 -
.16
.16
.07
. 59
. 14
.12
.09
.07
.07
.04
.95
.04
.03
.99
.99
.95
.03
.03
.03
268.
2568.
268.
268.
268.
268.
248.
268.
262.
262.
262.
262.
262.
263.
263,

a7
87

03
04
04
04
04
04
04
04
52
52

DISTANCE

0.
3408.
338%9.
3366,
3369.
3389.
3389.
3385.
3408.
3408.
3408.
3409.
3409.
3410.
3410.
3411.
3411.
3411.
3404.

14670.
14770.
1476%9.
14767.
14766.
14766,
14764.
14758.
14764,
147563.
14760.
14758.
14758.
15354.
15354.
15354.
15354.
15355.
15355.
15355.
15355.
153535,
15355.
15355.
14993.
14993
15006.
15006.
15006.
15026.
15026.

VEH

S1
52
53
54
55
56
57
58
59
60
61
62



42,0 (mph)
D DISTANCE(ft) AT POINT OF OCCURRENCE

FRCMAX TMAX DISTARNCE FRCMIN TMIN DISTANCE

129755. 335. 06 183392. -—145107. 257.146 14643,
128773. 336. 11 1833%9. -147548. 263.02 15026.
130205, 335.11 18339. -—149050. 263.02 15026.
132445, 335. 16 1833%. -150616. 263.02 15026.
135152, 335.18 1833%9. -1352172. 24&3.02 15026.
128761. 335. 18 1833%9. -—152957. 2643.02 15026.
124269, 6.74 -2264. -154230. 263.01 15025."
124159, 6. 68 -2268. ~156599. 263.01 15025.
124041, 6. 64 ~-2270. -158872. 263.01 15025.
123932, 4. 60 ~-2273. —160559. 263.01 15025.
123914, 6. 56 2274, -—162782. 263. 01 15025.
123930. 6. 53 -2277. -164432. 263.01 15025.
123902. 6. 50 -2279. -—166259. 24&3.01 15025.
123761. 6. 48 -2281. -~167515. 263.01 15025.
123978. 6. 43 -2282. -190863. 2058.24 14712.
124165, 4. 43 -2284. -174202. 258. 46 14726.
124234, &, 41 -2285. -182705. 258. 68 14740,
124247, 6. 40 —-2286. -178B30. 262. 96 15022,
124104. &. 39 -2286. -179853. 262.94 15022,
123921. 6.38 —2287. -180632. 262 96 15022.
123694. 4.37 -=2a288. -204354. 259.45 14791,
123593. &.37 ~-2288. -205375. 259.49 14806,
141062. 333. 49 18327. -202990. 259.89 14820.
141866, 333. 40 18326. -201422. 260.11 14834,
121247, 4. 35 -2289. -204892. 2&0.31 14847,
119799, &. 33 -2290. -203957. 260.53 14862.
118102, 6. 29 -2293. -207387. 260.74 14876.
11607%. 6. 25 =-2295. —207953. 260.97 14891,
113796, &. 24 —-2294, ~199020. 262. 51 14993.
112906, 6. 24 ~-2296. ~199878. 262. 51 14993.
109206. 6.25 -2295. -204217. 261, 63 14934,
104898, 6. 26 ~-2294. -2046555. . 261.85 14949, .
103551. 6. 28 -2293. -207287. 262.07 149463,
99881, 6. 30 -2292. -208370. 262.28 14977.
97212, 336.26 18344, -210018. 262. 51 14993.

103301. 336. 24 18344. -207497. 262.96 15022,
104981, 336. 25 18344, -209727. 262.96 15022.

111343. 336. 19 18344, —~146377. 268.37 15377.
106030. 336.19 18344. ~146551. 26&8.37 15377.
98695. < 336. 19 18344. -~146707. 268.37 15377.
89821. 336.17 18344. -~147818. 268.37 15377.
81614, 336. 046 18343. -~160284. 2463.88 15083,
B243%. 336. 06 18343. -179390. 264.10 15097.
83676. 336. 04 18343. ~188695. 244.31 15111,
846254, 336. 10 18343. -~150263. 248.37 15377.
82603. 336. 10 18343. -150614. 268.35 153765.
78974, 336.10 18343. -—~150924. 268.33 15374.
75371. 336. 10 18343. -—151356. 268.33 15374.
74673. 335.71 18342. -~151777. 2648.33 15374.

72593. 335.71 18342, -—1522064. 268.31 15373.
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RUN SUMMARY (CONTINUED)...TRAIN PYSE{-CASE 1C INITIAL SPEED 42,0 (mph)
MAXIMUM AND MINIMUM VEHICLE COUPLER FORCES(LBS) WITH TIME(sec) AND DISTANCE(ft) AT POINT OF OCCURRENCE

VEH FRCMAX TMAX DISTANCE FRCMIN THMIN DISTANCE VEH FRCMAX TMAX DISTANCE FRCMIN "TMIN DISTANCE

101 72029. 335.03 18338. -153925. 268.31 15373. 110 52768. 175. 10 ?642. -17494%9. 268.29 15371.
102 72134, 335.36 18340. -155650. 268.31 15373. - = 111 53712. 175. 10 642, ~174881. 268. 29 15371.
103 674698. 335.70 18342. ~-157658. 268.30 ~15372. 112 55486. 175. 10 9642, -195418. 267.34 15309
. 104 56967. 336.08 18343. -—160927. 266,12 15230. , 113 £0843. 174. 24 9589. -—-19388B. 267.75 15336.
105 53728. 7.07 ~-2243. -1983506. 266.09 15228. 114 70883. 173.75 9559. -213463. 267.72 15334
106 48881. 7.14 ~ —-2239. -205484. 266.31 15242. 115 79583. 174. 24 95689. -218941. 267.93 15348
107 47786. 1735. 16 9645. -207943. 266. 48 15253. 116 =~ 74794, 175. 10 . 9642. -205057. 268.28 15371.
108 50110. 170. 81 9378. -209412. 246.71 15268. 117 &2326. 175. 12 9643, -20576%9. 268.20 15366.
109 52308. 175. 14 9644, -173545. 268.30 15372. 118 36062. 175.12 ?643. -105625. 2648.37 15377.

THROTTLE AND BRAKE CHANGES DURING RUN

INITIAL THROTTLE POSITION WAS 8

THROTTLE POSITION TIME OF CHANGE (sec) . POINT OF CHANGE (ft)
7 . 10.88 -2001.
& 32. 32 . '-575.
7 106. 05 - a916.
6 125. 29 6342,
7 187. B4 10407.
6 241, 99 136B1.
5 300. 88 v 17302.
4 313. 10 17830.
3 316. 61 : 17954,
2 321. 67 18107.
1 329. 80 18282,
0 33s. 08 18339,
B.P. REDUCTION (psi) TIME OF CHANGE (sec) POINT OF CHANGE (f£t)
6.0 32, 32 -575.
10.0 50. 74 745.
0.0 90. &2 3755.
26.0 241. 99 ] 13681.

THE MAXIMUM DRAFT FORCE OVER 3 (mph) WAS 170789. (1bs) ON VEHICLE 4 AT 328. 2(gec)
THE MINIMUM BUFF FORCE OVER 9 (mph) WAS ~ -218%941. (1bs) ON VEHICLE 113 AT 247. 9(sec)

THE MAXIMUM DRAFT FORCE UNDER 5 (mph) WAS 135152. (1bs) ON VEHICLE 55 AT 333. 2(sec)
THE MINIMUM BUFF FORCE UNDER S (mph) WAS ~-42383. (1bs) ON VEHICLE 105 AT 334. 3(sec)
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TRAIN BRAKE SIMULATION RUN - FULL SERVICE REDUCTION
MORTHBOUND RUN, BRAKES APPLIED AT 115.9 MILES
TRAIN DESIGNATION: PYSEI1-CASE 1C, INITIAL SPEED 42.0 (mph)

3 LOCOMOTIVE UNITS

115 CARS
Spsi LEAKAGE

BLOCKING DIAGRAM FOLLOWS
"X" BLOCKED BUFF; "-" BLOCKED DRAFT; "3" CENTER FREE SLACK REGION
"1t OR "2" MOVING IN BUFF REGIDN; "4" DR "5" MOVING IN DRAFT REGION

DIRECTION OF TRAVEL-————- >

110->! 100->! ?0->!
SPEED(MPH)= 42, 00 DISTANCE= —-26&88. (FT)

) FRONT OF TRAIN
80->! 70->! 60-2>! S0->! 40->"! 30->! 20->! 1C->!
119, 000 (MILES) TIME(SEC) 0. 00 THROTTLE= 8

________________________________________________________________________ 3
— - - e e 3
o G S P 3
______ —_— - ———- - - 3
e e e e e e e e e e e e e e e e e e e e e - 3
______ - _———— ——— ——————— - —— e e e e e e ]
——— —_— - _——— —— 3
SPEED(MPH)= 44, 96 DISTANCE= —1408. (FT) 118. 758 (MILES)  TIME(SEC)  20.00 THROTTLE= 7
- T =
- B - - ————mm - - 3
e e e e e e e e e et e et e e e 2 e e e e e e e et e 2 et e e 3
____________ — e}
_____ ——— - 3
———— —————— ~o - - -—— ettt ¢ s e e e 3
SPEED(MPH)= 48. 4% DISTANCE=  -35. (FT) 118. 498 (MILES) TIME(SEC)  40.00 THROTTLE= &
_:3 ~ —_— - - e e ————— s ——— i ——— 3
- i e P > o e . i 2 e e o s A Sk B ke Tt e e v i e Bt St B e St e . e B e T e oy e e B ! S e o e P B T o o A S e 3
————— ————— — ———— —— 3
——— > —— . e ot e s S e S, etk Tt A et e S e o T P e . St B e ——— —— 3
——— e e —— 3 _:3
-3 - e e e e e e e -—- ---3
~3-3333—-~~-~ 4 e e e e e e e e e e 3
~3-3~~—=—~3-43444——~——— - - ——= - 3
~3-33--33-333334~ g N - - 3
-3-33-333--3-3 - ---44444-4~4 - - e ~~3
SPEED(MPH)= 51.36 DISTANCE= 1438. (FT) 118. 219 (MILES)  TIME(SEC)  &0.00 THROTTLE= &
~3333-33-~-3-3 : ——— R e R,
333X3-33-~—33X3 e e ——- - 3
3X3XX333--3XIXI--~ e e 44-- —— = -- 3
333XX333-33XXX3—~~ - B4 et - 4444444 T et 3
3XIAXBAKIBXXKNX I~ G~~~ 4 44444-444- L L L e T —— 3
IXXXAXXAXXXXXXX X34 4444444444444 4444-4433333334444444————mm e 3
IXAXAXXXXXXXXX XXX I—~44 -4444444444-~434-4 4444444--3-33333333334444484—~— === 3
AXXXXAXXKXKXKX XXX XBI~=FFE~——mm e = mmm e 4-444333343334443 4 4344~ -3X3333333333333333344 - ——————emeeee 3
IXXXXXXXXXKXKXXXXXTD 4344--33---3 3--44 4 IS8 DI ICCIe eic e e e e MU 3
FXXXAXAXXXKXXX XK XKD — ~33X3-—-3 3 4433343XXXXXXXXX2II3IAFXNF——~ == =~ e e a3
SPEED(MPH)= 50.97 DISTANCE= 2952. (FT) 117,932 (MILES) TIME(SEC)  80.00 THROTTLE= &
IXXXXXXXXXXXXXXXXXT 3XXX3--3 3--— 44--333XXXXXXXXXXXXXXXXXXXXXDRG=m~m e m oo e 3
IXXXXXXKXXXXXXXXXD 3XXXX333XIFF43X~~-44 4=~~~ T AABXXXXXXXXXXXXXXXXK XX XXX XXX XXX A XKD B — e 3
XXKXXXXXXXXXXXXD

3XXXXXX3XI3——3X~———————m 444444 ———3XAXAXXAB2XXXXXXKXXALEXEXAXXXXXLLXXXAXNXXX2233
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LE

TRAIN BRAKE SIMULATION RUN — FULL SERVICE REDUCTION
NORTHBOUND RUN, BRAKES APPLIED AT 115 .9 MILES
TRAIN DESIGNATION: PYSE1-CASE 1€, -INITIAL SPEED 42.0 (mph)
3 LOCOMOTIVE UNITS 115 CARS
Spsi LEAKAGE

FORCE DIAGRAM FOLLOWS

“+" DRAFT FORCE; "-—" BUFF FORCE; "BLANK" CENTER FREE SLACK REGION
"1% TO "9" ABSOLUTE VALUE OF FORCE LEVEL IN 20000 LB RANGES
N (e.g. O is 0-20,000 1b range, 1 is 20, 000-40,000 1b range, etc.)
DIRECTION OF TRAVEL~==——— > . _ FRONT OF TRAIN
110->1 100->! F0->! 80->! 70->! 602! 50->! 40-2>! 30->! 20~21 10->¢
SPEED(MPH)= 42. 00 DISTANCE= —-2688. (FT) 119, 000 (MILES) TIME(SEC) 0. 00 THROTTLE= 8

B I ko o I T B o O o I o o I o e R 1L 0 T o B o S S S S R S R S ST RO AT RSy JORT S QY
0000000111111111111222292222222223333333333333333333333344444444444444444444444444333333333333333333333353333333333210
B R L i T o T e S Ik o I o s o o L e o A S S G R R B T N G P e G P G RGP U I GrUry
00001111111222222233333333333344444555555556666660666566666066666665L66605666655555555555555555555444444444644446444444333210
B L D T T L O L o B o O R b o o o o o o NS S St N o Y SO A ST g S PP U U UP R PR P
0000000000111111111111112222222220233333333333333333333333333333333333333333333333333333333332333333353333333333333210
T S B E T T R T B e O i o b b o o R B R o B S S Y [ S S S A S WU PR NP U SP Ry
00000000001111111111111122222222202222222222222222222222222222222222202220222220022222222222222222022222223222222222100
B B o L T T B g S L G s T S o R S o S o S R AT g RV AU RN S
Q000000000111111111111112222222222222222222722222222222222222222222222222222222222222°222222°22232222222222222222222100
SPEED(MPH)= 44.94 DISTANCE= —-1408. (FT) 118. 758 (MILES) TIME(SEC) 20. 00 THROTTLE= 7

T O T T e o b o o LR B & s & T S S ST G Oras Sr Ay SRS Er AT S O
0000000000111111111111111122222222222222222022222222222222222222222222222222222222222222222222222222222222222222222100
B s i B B B e g R R R R R R R R e
OO0QC0000001 1111111120111 122 1111122111282 121112112131121111111$11111111111111112222222222222222222222222222222222222222222100
Bk kB o R o AR R B X S R R P S S gy prav v S
QOCC00O0001I 1111111112318 120212332211212111222122322222282181120133338233322312111121111111111111122222222222222222222222222100
B S B s b T D o T T B B R b b i O o S o S S S o R S S SR G P a G R N
000000000000000000000000001 1111111111183 2111311111111 213131123111881231111124323311311111112111111111111222222222222222100
B D b b R T T e o S o o ok o o I T S R o B T e e T I T T
00000000050000000000000000000000000000000000000000000000000000000001111111111111111111 1114117111111 91111411111111111100
SPEED(MPH)= 48. 49 DISTANCE= -35. (FT) 118. 498 (MILES) TIME(SEC) 40. 00 THROTTLE= & .
B o o o S S T e b ok T o o B ok e e L b B I ok T S W S A S St P AP S SE U R AU AP ST Rrey
0000000000000000000000000000000000000000000000000000000000000000000000000000000000111111111111111111111111111111111100
B L o B B O I o 0 o T i o I o S S O kL I M I I S S S St WO G AP U Ur A Ay
00000000000000000000000000000000000000000000000000000000000000111 1111111113121 31 1411142112111 131112111111111111111111100
B B g Lk b o O o o o o T S S O T e (X SR R B R B S A P R 2 B S S R R A S AUy g ey
000000C00000C0000000000000000000000000000000000000000000C00000001 11121111111 111112212121 2221127118212 211111111111211111100
R e o B B o a2 2 A AN = BE L R P R S R S RS & T
000000C00000000000000000000000000000000D000000000000000000000000000000000000000000000000001111111111111131111111111100
I T T S T T L m s L L L O e O e S AT N AT
00000000000C000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000C001111111111100
SPEED(MPH)= 51.36 DISTANCE= 1438. (FT) 118. 219 (MILES) TIME(SEC) &60. 00 THROTTLE= &

B e L b I T o R O e e I ot T i o o a0 R a ab R L e e
000000200000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000CC0CO011111111100

T T T R e L o B T R S e L L L L R S T o o S S SUay GURTRrRr A A G
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i o e B T e o B A e B B B o o B R e R L L T e S Sy
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e ———— e e e B I e T T R Tk o o o ok T o S B B EEdiE N E S PR S et

0000000Q000C000000000000000000000000000000000Q0000000000000000000C00000000000000010000111110000000000000C0000000111000
SPEED (MPH)= 350. 97 DISTANCE= 29352. (FT) 117.932 (MILES) TIME(SEC) 80. 00 THROTTLE= & ’

e e B S e CE T SR T B et b B S et T T LR A
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FORCE DIAGRAM (CONTINUED)... TRAIN PYSE1-CASE 1C INITIAL SPEED 42. 0 (mph)

110->! 100->! 0~->! 80->! 70->1 60->! 50->! 40~->! 30->! 20->! 10->!

e e B B I e Rt o et T T

00000000000C00000000000000000000000000000000000100010000000000000000000000000001112222233333334444444555555466647 789990
e B L B R e L B e R e e e L e R T

000OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO1000OO0000000O243333222222222222?2222222221l111111112333334333340
o e —— B R A e - - R S Rt

OOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO1234444455555554444444443333333332222222”2222"l1111111000112&222222222100
o e e B o T B st ettt R

0000000000000000000000000000000000333333433333344444444444444444444443333333333333333333333333322222222222220001111000
SGPEED(MPH)= 50.75 DISTANCE= 4461. (FT) 117. 646 (MILES) TIME(SEC) 100. 00 THROTTLE= &

o e e e e B o e i ——— - e e e s ~tt 4

0000000000000000000000000010000123333333333333333333333333333333333333333333333333333333333333332222222222222211111000

- B et S T e i i L L o o R |

0000111111222333332222233333333454444444444444444444444433333333333333333333333222222222211111111100000002232222222100
—————————————————— ————— ———— - —— el 2 T TS RS R AT STA A g

000000900000000000000000000000000000000001 111111111 X111 111111111 1111011111111 2111121112000002323233333222222222100
——————————————————————————————————— b b bbb bbb bbb bbb b

000000000000000000000000000000000000000001 11141 111111111111311111111111111111111111100000222222222222222282222222222100

~— e —————————— e e e R N R L LS R RS R R A o T ey

00000030000000000000000000000000000000111,1111111111111111111141111111111000000000021112222 ’2222“2"2222”222“222222221OO
SPEED(MPH)= 49,83 DISTANCE= 5958. (FT) 117. 363 (MILES) TIME(SEC) 120. 00 THROTTLE= 7

- S S O B T R B UL o B B o o B S R P ST ar e Sy grav e
00000000000C00000000000000000000000001 11111111111 111113111111211111110000000000018111111111111111112233222222222222100
———————————— —_—— - DT i o B R e B I R R e AR T
000000300002C0000000000000Q0000000001111111112111111111111111121111110000000000000011111411111111131311111311111112222100

- —_— s —— B L S SR T TS S S S S TN ST R PR ey
0000000000003110000000000000000001111111l111111111111111111111000OOOOOOOOOOOOOOOOOOOOOOOOOOO11111111111111111111111100
— B T o B S e O g N e RS e S TR
0000000000001111000000000000000001111111111111111111111111110000000000000111111111111111111111222222222242222222222100
———————————— - B O S T B B L RS R Rt L e e R L o R o T T Cwrarprwargrery
0000000500001111100000000000000000111111111111111111110000000000000032222222222222222222222222222222222222222222222100
SPEED(MPH)= 44.74 DISTANCE= 7374. (FT) 117. 094 (MILES) TIME(SEC) 140. 00 THROTTLE= &

------ — B i ST T N B S ST S T S S oY S PR S SRR U QU R ey
OOOOOCOOOOOO]111100000000000000000000111111]110000000000000032223323322222222222222222222222&2233333333333333222222100
_—— T B o T o T R L & T arararuerieney
00000000000011111000000000000000000000000000000000244433333333333333333333333383133333333333333333333EJS 33333332222100
B b T R R R s b et 2 o o R B o S AV S Ao gy
0000000000000110000000000000000000000000444444544444443333333333333333333333333333334444444444444444447383333333222100
————————————— B T R e o o o 2 I A e
OOOOOOOOOOOOOO00000000000000000444434333333333333333333333334444444444444444444444444444444444444444444433333333332100
————————— R L L L G T T I o o o i B R B e o o S U SV R T e W e A s
00000000C00C00000000000022111111112222222222222222223333333333333373333344444444444444444444444444444444333333333332100
SPEED(MPH)= 43. 41 DISTANCE= B8700. (FT) 116, 843 (MILES) TIME(SEC) 160. 00 THROTTLE= &

B b o ah o L S B S T 8 B A T 2 S QU S S gy
00000000OOOOOOOOOOOOOOOOOOO1111111111111111222222222222223333333333333333344444444444444444444444444443333333333322100
—————————————— T o S S B S m T 2 o B e B o L e
00000000000000111111111111111111111122222222222222333333333333333333334444444444444344444444344444444443333333333322100
———————— B T N R B R s R kb o B o A B T e R R S R R R e R S o Y
0000000011222111111111111222222222222222223333333333333333333344444444444444444455955555554444444444444333333333322100
B T T L T T T T e g T L E o T B e R S e L e T T T r oy gy
1333332222222222222222222222222233333333333333333334444444444444444444555555555555555555555554444444444433333333332100
B o b B o L o 0 o O o e S L BT e R o X S S R o B A A e
0000000000000011111111111111111112222222222333333333333344444444444444555555555555559555555544444444444433333333332100
SPEED(MPH)= 40.98 DISTANCE= 993%. (FT) 116, 609 (MILES) TIME(SEC) 180.00 THROTTLE= &

B b R B T B T o e o o B B B e B & o b O B R T L N T Uy
00000000000001111111111.111111111222222222233333333333444443444444444555595555555555555554444444444444433333333333222100
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FORCE DIAGRAM (CONTINUED)... TRAIN PYSE1-CASE 1C INITIAL SPEED 42.0 (mph)

110-3>! 100->! 0-2>! 80-—>! 70->! 602! 50~>! 40->! 30->! 20~->! 10-31¢
B L T T I o o I o o o 2 T T B o o o T R N AL T IE T Merurrurey
0000000000001111311111111111111222222222333333333334444444444444555555555555555555544444444444444444333333333333332100
B o T T R S e T b R B LD D o o B o B o T B S S vy GO e AP AT AT QTRP ISPy
0000009000011111111111111222222222233333333344444444455555555555555555555555555555554444444444444444333333333333333210
B T B R e L R o R B o B I R e I & B b Bt A R O Y PO [ A S U SrURr AT I
0000000000111111111111111222222222233333333444444444555555555555555555555555555555544444444443444444333333333333333210
B T o T T o A L b e o o o o L B e T & o I S 2 S B IR A S S A SV AP G SR N O SO N
000000D000111111111111112222222222333333334444444445555555555555555555555555444444444444444444433333333333333333322100
SPEED(MPH)= 40. 20 DISTANCE= 11127. (FT) 1146. 384 (MILES) TIME(SEC) 200.00 THROTTLE= 7
B L o E e Ed b b o T e B O L S s e o e L e T e B A R O R B e b R R s R B T T L BV R SN ST QAU ST ST UL PR IO Y
0000000000111111111111122222222223333333344444445555555555555555555555554444444444444444444433333333333333333332222100
B g S T T o b T e g B O e B e E R S R B e B L L L ATy A U G SR
Q0000000011111111111122222222222233333334444444455555555555555555555544444444444444444443333333333333333533333222222100
B T T e L o L L s T T L E g L e R R S L ek L o N S ar g e O PRIy
00000000111111111112222222222222333333444444444455555555555544444444444444444444444333333333323333333333322222222222100
B T T b T I R i B o S R i o S S ST o T o B R S R o A R & ¢ T W prurarir e
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FORCE DIAGRAM (CONTINUED)... TRAIN PYSE1-CASE 1C INITIAL SPEED 42.0 (mph)
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