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Introduction

Introduction

Purpose

This user guide describes how to use the STOPDIST calculation tool and how it is normally
applied for calculating train braking distances.

Background

During the signalling design process, train braking distances for signal spacing are calculated
using train brake tables. The majority of trains operating on the ARTC network are long and
heavy hauled freight trains. Consequently, a train’s mass is distributed over the entire length of
the train which can be spread over a number of varying gradients. Providing consistent and
accurate calculations for train braking distances can be quite complex.

By performing iterative style train braking calculations using the STOPDIST tool, improved
consistency and accuracy will be provided.

Reference Documents

The following documents should be read in conjunction with this guide:

e  ESD-05-03 Train Braking Application Design

. ESI0512T-01 STOPDIST ver 2.1

Definitions

The following terms and acronyms are used within this document:

Term or acronym Description

Brake Table A table of predetermined braking distances for a particular type
of train travelling at multiple speeds, on multiple gradients.

STOPDIST The STOPDIST calculation tool calculates stopping distances
for the different types of trains.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 19 June 2017 Page 3 of 17
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2 Description of STOPDIST

STOPDIST is an Excel program, which runs on a Windows based PC. It is important to ensure
the most current approved version is being used for calculating train braking distances.

2.1

ESI-05-12
Description of STOPDIST

The STOPDIST tool shall be used for determining the actual train braking distances for all

signalling design.

Refer to ARTC Engineering Extranet for the most current version.

Open STOPDIST

Open STOPDIST the same way as any regular excel file. The file should open on the “Start”
worksheet, which is called the START FORM and is displayed as a green screen as below.

Note: it may be necessary to “Enable Macros” when opening the file.

ARTC STOPDIST START FORM

SELECT BRAKE TABLE

TIMES?

Wersion 2. 1March 2016

 GW-88
% GW-10
© GW-11
© GW-18
 GW-20
 GW-40
© GW-50

© MSF-120 Diesel Hydraulic (Xplorer etc)

Historical Freight
Loaded Coal

Empty Coal
34 Loaded Container 880

2/4 Losded Container 1280 m
¥4 Loaded Container 1500 m
4 Loaded Container 1800 m

fiYes £ No

COORDINATES

“Ys=  TNo

Ainand o Dot procSETT

_’ HSP-180 XPT

Siaa Sheat Flans Fadbes Sinceapanceas “for iafoamaion
o MSE- (50 3rad HSE- 20T

ENTER MAXIMUM SPEED

100

ENTER SPEED INCREMENT
5

ENTER TARGET SPEED

START

0

Pre-set b 33

40

B0

100 Level =100

-E0

40

]

Gradients 50

-

B0

a0

100 Level =100

-&0

-E0

-50

< 50

BT

Jo0n

200 Level -Z00

—Joo

BT

=11

Specific
Gradients | © 1]

Enter walues [for level enter zera)

Variable | %
Gradients

Signal Desigrner Mame:
Organisation;

Project:
Diesign Task:
Interlocking:

-120 350 220 | I | |
Trainlength
1000 | metres
[ Grade | ocation
1 o] Fit apraatian - poar o inai wien Srabes aookiag’
2 o] 400} SFratiar chramgms - wfnans farating & i dintanes fom raar
3 o] 800 i e time brades wene gookiag
4 i} 1200|
5 i} 1E00]
[ i} 2000
7 i} 2400
] i} 2800
g i} 3200
i}
i
12
3
El
S

The START FORM is the only worksheet in STOPDIST that data is entered to calculate the
braking distance for determining signal spacing between each signal. All other worksheets are for

information only.

This document is uncontrolled when printed.

Version Number: 1.0
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Description of STOPDIST

Note: Before performing any calculations, check the version being used is the current version
(highlighted red above).

START FORM Features

The active cells on START FORM are white cells. Values and text data can only be entered into
active cells. Option buttons can be selected by clicking on them with the mouse.

Signal Designer and Associated Signal Details

Signal Designer Mare:
Organisatior:

Project:
Design Task:
[Hterlocking:

For every braking distance calculation for each signal, the Signal Designer must complete the
above table on the START FORM. The information required is self-explanatory, however the
‘Design Task’ details must include the associated signal numbers (Entry and Stop signals) the
braking distance (signal spacing) is being calculated for.

The details entered in this table will automatically appear on a similar table on the Results Report
worksheet.

Select Brake Table

SELECT BRAKE TABLE

" GW-6B Historical Freight

® GW-10 Loaded Coal

rGW-11 Empty Coal

- GW-16 3/4 Loaded Container 680

" GW-30 3/4 Loaded Container 1280 m

= GW-40 3/4 Loaded Container 1500 m
i~ GW-50 3/4 Loaded Container 1800 m

" M5SP-120 Diesel Hydraulic (Xplorer etc)
T H5P-160 XPT

i~ i~ T -— 1 - 2 "o - or 4

This table is used to select which train type is to be applied for the braking distance calculation.
To select the train type, click on the appropriate option button, which will turn black when
selected.

Where multiple train types are operating on a section of the network, the Signal Designer must
undertake the calculations for each type of train.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 19 June 2017 Page 5 of 17
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2.2.3 Train Speed, Times and Coordinates Entries

TIMES?

s Yes

Mo

COORDINATES?

" Yes

= Mo

Lénad o post ooy

To calculate the braking distance for each type of train the following must be entered:

STOPDIST Train Braking Distance Calculation Tool User Guide

ENTER MAXIMUM SPEED

ENTER SPEED INCREMENT

5

100

ENTER TARGET SPEED

0

ESI-05-12

Description of STOPDIST

e maximum speed in Km/h, usually the line speed for that type of train at that location

e the speed increment (usually 5 or 10 Km/h)

e target speed 0 Km/h for stopping or target speed for passing over a turnout

e Times option button, select ‘Yes’ if times are required to be displayed in the results table
for each speed increment

e Coordinates option button, select ‘No’ (this function is Not Used)

Note: the line speed may vary considerably between train types, eg HSP160 may be 160Km/h,
GW40 may be 115Kph and GW10 may 60Km/h at the one signal location.

224

Track Gradients

The STOPDIST Tool has a general function to calculate Pre-set Gradients or Specific Gradients

but these are not used for a specific signalling design.

The ‘Variable Gradients’ option button must be selected for all braking distance calculations and

entries added to a separate table (refer 2.2.5).

|| Pre-set
'l Gradients

33 40 60 100 Level -100 -60 -40 -33
50 60 80 100 Level -100 -80 -60 -50
50 67 100 200 Level -200 -100 67 -50

Specific
Gradients

Variable
Gradients

T et | e | G

Enter values (for level enter zero)

0

-120

350

220

To create general brake tables for a particular train type for specific constant gradients, the
appropriate ‘Pre-set Gradients’ can be selected or for customised gradients, the ‘Specific

Gradients’ can be selected and the specific gradient values added to the table.

This document is uncontrolled when printed.

Version Number: 1.0
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Description of STOPDIST

1>
A
=11

2.2.5 Variable Track Gradients

rain length
a netres

# Grade| [ Location
1 b) 0 irst gradient - rear of train when brakes applied
2 0 c) 400|\Gradient change -  where location is the distance from rear
3 0 800 of train at the time brakes were applied
4 0 1200
5 0 1600,
6 0 2000
I 0 2400
8 0 2800
g 0 3200
10
11
12
13
14
15

In all cases, the ‘Variable Gradients’ option button (refer 2.2.4) shall be used and values entered
in this table.

With reference to Figure 1 below of a train and track gradient profile, the table entries are:

a) The length of the train is entered. (Note: this provides a reference point for the changes in
gradient. It does NOT change the braking rate, which is dependent on the train type
selected.)

b) The changes of grades are entered (#1= -80 grade at EOT, #2=+400 grade at 1* change
of grade, #3= +50 grade at 2™ change of grade, etc...)

c) Location is the distance from EOT (End of Train) to start of each grade change (#2=
500m distance to start of +400, #3= 800m distance to start of +50, etc...)

i#4

i—————‘_'_'____ level

+50

'
500m 300m 700m 257m 813m

Figure 1

For a more detailed description of how to enter the values in the table, please refer to the worked
example in Appendix A.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 19 June 2017 Page 7 of 17
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2.2.6 START Button

ENTER MAXIMUM SPEED

ENTER SPEED INCREMENT

100

s

ENTER TARGET SPEED

0

STOPDIST Train Braking Distance Calculation Tool User Guide

ESI-05-12

Description of STOPDIST

Once all the parameters have been entered as described in sections 2.2.1 to 2.2.5, the START
button can be activated by clicking on it. The program will generate the braking distance results

on the “Results” worksheet.

2.3 Results Report

By clicking on the “Results” worksheet tab, the Results Report page will be displayed. For

example:

GW-10

STOPPING DISTANMCE TABLE [time in seconds. distances in metres)

“Loaded Coal

[Includes 15 22 allowance]

[distances only)

GRACE [1in X)
Wariable
Speed krnth |[Time  Distanc.
512 4
016 37
1521 )
2025 o7
25(28 151
30f)32 200
35(34 254
A0(37 33
45(39 376
5041 444
55(|44 516
60(|47 533
E5(|49 B74
70)51 760
7Hl54 51
8056 946
GH|58 1048
gols1 17
965 1274
ndles 402
Calculated from STOPDIST program ARTC STOPDIST Yersion 2.1
Air Brake Parameters used (speed kmih,decel misiz (10.7) [45,0.5) [115,0.25)

Ralling Resistance -

Erakedelay- 0 zeconds

Air brake build up time -

58 seconds

Date: 1EHIZ0EG

Signal Designer Marne:

Organization:

Froject:
Design Task:
Interlocking:

This document is uncontrolled when printed.

Version Number: 1.0

Date Reviewed: 19 June 2017
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Calculating Braking Distance to Determine Signal Spacing

3 Calculating Braking Distance to Determine Signal Spacing

3.1

3.2

3.3

General

The Signal Designer must first determine which train types will operate on the part of the ARTC
network to be signalled. For a description of this process, train types and where they run on the
network, please refer to the Train Braking Application Design document, ESD-05-03 section 2.

Calculating Braking Distance (Signal Spacing)

The STOPDIST tool is used iteratively by the Designer to determine the braking distance
between 2 signals. Usually the braking distance will be calculated back to an Entry signal from a
fixed signal (Stop signal), which may be fixed due to it providing protection of a set of points, for
example.

To determine the optimum signal spacing, the designer will perform a number of iterative braking
distance calculations. The final resultant braking distance value to be used as basis for signal
spacing for the actual signal plan design must be within the range of the calculated braking
distance <+20m >-0m.

Printed Reports

The STOPDIST tool has ‘print areas’ set up for both the START Form report and the Results
Report. This allows the signal designer to print both reports of each brake distance calculation for
verification and recording purposes.

It is important the signal designer includes the designer details and associated signal details
(refer section 2.2.1) before printing the reports.

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 19 June 2017 Page 9 of 17
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Appendix A — Worked Example

4 Appendix A — Worked Example

The following is an example of a 1500m train operating on track with a variable gradient profile
with a line speed of 100Kph. There are 4 iterations of braking distance calculations to determine
the optimum signal spacing between the fixed signal and the proposed signal.

The fourth iteration provides a result of the calculated braking distance +7m, which falls in the
range of +20m/-Om.

The 4 iterations are listed below in sequence:

4.1 Iteration 1

Rear of Train Proposed Signal position Fixed Signal

=0 @ 000

- : o

: : Overlap :
' 1500m ; :
< >:€ > :
g Length of Train L : Service Speed Braking : Target :
: : Distance BD i speed Point

: level

: ¥50 -50 5 +80

: -80 +400 : level :

:  500m 300m 700m i 257m 813m 200m 500m ] .
= : :  Gradient Profile
: Loc 2# Loc 3# : Loc 44 Loc5# Loc6# : of the Line

E =500 =800 : =1757 =2570 =2770 :

Initial Estimate 1770m Calculated 1402m

Initial Calculation BD is excessive by +368m NOT within acceptable range of +20m/-Om

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 19 June 2017 Page 10 of 17
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Appendix A — Worked Example

a@c@

e ient Fage Lyyout
] l"‘ﬁl ]

s )b = 4 = e I autosum -
sl Virag Test Geneat = Nommal Bad Good Newiral 7l
B, = o |foe E Wl ! @ i
P remstbicte (B £ R T A EE W RE Slueocaconer ) § - % 0 | W0 Cendlend Femal [Ca et Oelele Fomat | o Swth Fedd
Chptioara 5 Fant g angnmers s Numes o Faning
| a1 - _ P .F-r ARTC STOPDIST START FORM_ i . i : z
L A1 B c D E r [} H ! 1 K L M N o P 2 R 5 T v ¥ w X ¥ z AA AB 'E
1 TOPDIST START FORM Vession 2.1 March 2016 M
il
3 SELECT BRAKE TABLE
¥ prere A TIMES ENTER MAXIMUM SPEED
il 4 GW-10 Loaded Coal T he 100
1
= 0o
= T GW-11 EmeeyCoal
[} ©GW-18 34 Loaded Contained 880 COORDINATES? ENTER SPEED INCREMENT
" GWID 34 Loaded Cortaines 1200 m m
5 START |
T GW-0 103 Loaded Contained 1500 m Usad for past processing
©GW-50 314 Loaded Containe: 1800 m ENTER TARGET SPEED
7 MSP-120 Dvesel Hydeaube (% plorer eic)
 HEP-160 XPT 0
{13 See Sheot Pass Tables Dissrepancasa” for informalion
13 o MEP-120 and HSP.160
]
2t Preset |7 . L
1 Gradienss | ©
n . g &1 50
.3
1 Specific Entar valuas [for level anter zer
2 Gradients | © [] !"‘| —1 1 1 1
n
n Teai g
9 Variable | = 500 metres ]
0 Gradients Grade [Location
31 i Firsd grodkent - roar of bin whon brakis apphed
) - locaban i fhe dadance from rear
i of irain at the time brakes were applied
M
33
%
3
LS
w
4
41
2
4
H
4
4
47 Signal Designer Nams: |n.dm! ]
48 Ormanteaticn: [ARTC 1 x
M4 e W] Start Resits . Pam Tabls Dsce GW Tables Warmble Gradient Versions , Cocedratss . %3 4l [ | E

Mome | e Fagelyowt  formuin iew c@e@ D
1 LIl-l H| ] ] 1w Y - A I hutes .
= o - L . = = : 0 iy uts = A

| B & oo Aaial n AN & s ot Geneval hﬂ _ﬁ |hnmﬂ | Bad Good Neutral I ?‘ i 2’ ‘ﬁ

Paste = = ol i - - » M Condiens Fomst |[C; Faligwed Hyp Irert Delete Femat Sa & Fand &
= Feamat Pacder .. RRR e S-A- EEE RE Bluegencenn R e Formasting = a3 Tanie = - kit - - - o Cleat = Fingr= Select =

Cliphoara 5 Fant G angnmens 0 Mt Com Fasing

AL - e W10

[EkAlc Dl E[Fl QIR LITEICIMINIO [Pl QIElIEl T [ o | v [ w [ % [ % [ 7 A | AR | AG | 4G | AR
1 i Loaded Coal

 STOPPING DISTANCE TABLE [time in ssconds, distances in matres) (Includes 15 % allowance)
(dstances oohy)

Tl

GRADE (1in X)

0w e ale
-

30 Cakcumind trom STORGGT program ARTE STORGOT verson 1
31 anm [FET LTI EY L C 1)

32 Roling Resistance - Inchuded

33 peanecely.  Osecosds Ak beske bukd up tme - BT Date: 2016

33

36 Signal Designer Name Fichard Stepriewsk
37 Organisation: ARTC

38

A% W[ Start | Results  Pass Tabks Dscrapanciss  Origral GW Tables .~ Varisble Gradient Explanation Versons . Cocrdnates %3 okl (0
reaoy | 7 | mC i acos W] *
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Appendix A — Worked Example

4.2 Iteration 2

Rear of Train Proposed Signal position Fixed Signal

=0 0 =00

o

Reduce Estimate to 1470m Calculated 1434m

: Overlap
: 1500m : : :
< € > :
: . Service Speed Brakin : :
Reduce BD: Length of Train L . P g - Target :
by 300m | Distance BD :  Speed Point
—>i
E : level
: +50 ; -50 + +80
-80 : +400 level :
s0om : ['300m 700m 257m/" : 813m 200m 500m : ] ]
' : :  Gradient Profile
iloc2# Loc3# locd# & Loc5# Loc 6# : of the Line
i =200 =500 -1457 + =2270 =2470 :

2nd Calculation BD is excessive by +36m NOT within acceptable range of +20m/-Om

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 19 June 2017 Page 12 of 17
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Appendix A — Worked Example

View

W —— —r
i “A N ] B Gt o - W A [N so0d vl g I @ o A
Ha cony - " 5 z = - i = '
P omaturtes 8] £ B () G- A X W R Huageacons $- % o) Lo fomu vion | EETCI = Eddowsdva . (]| oo D Fomt | o Sond flesk
1 Foot 1 Asgnaio o : o com touing
fe| ARTC STGPOIST START FOHM i )

»(l=l

(T o ) s e U - T e [y e o ) I ) e [ p T o [ g [ 8 T T U 1 v [ w T 3% [ ¥ 1 2" 1 Ax | an

Bl !
TOPDIST START FORM  ersion 2 1 Masch 2016

[ARTC|

:
3 SELECT BRAKE TABLE
| : ENTER MAXIMUM
2 rGW-BE  Historical Freight — WM SPEED
; GW-10 Losdad Coal 100
1
" W1 Empty Coal
s £ GW-18 3 Loaded Containes 800 OORDINATES ENTER SPEED INCREMENT
» © GWEID 34 L eaded Coetainer 1260 m B
1w [i=5 START
2 CGW-0 31 Loaded Container 1500 m Used for pus! processing
1 - G-
il GW-50 3H Loaded Container 1809 m ENTER TARGET SPEED
13 © MSP120 Diosel Hhedrauic (X plocer ete)
1%
e © HSP1B0 XPT o
1t Sve Shoot "Pass Tebles Discrepancres” for informalion
1] o1 MSP-120 and HSP-160
Pra.sat r u

Grodlents |
1!

Specific
Gradients | © ([ 0 T 120 [ 360 T 220 ] [ ] [ I

Variable |
Gradignts

First gradhent - mar of train whon Brakes apphed
| Gradwnd change - where location is the distance from rear
) of tran af the hime brakes mere aoobed

R o I e i At e

47 Signal Desigrer Name Fschard ]

41 Oraanisation: TERTC - - 1 : :

W4 b W Start Hecdts  Paws Tabis Decrepances | Orgral GW Tables | Varbbie Gradmnt & . Venions | Coordnates | T3 Tl -

ooy |21 flei=T RO

nset  Fagelspout  Formulm  Dsts  Bewew  View  Adodns — e @ =
T . o W B o = - 2 "I = — T T [FH T sutesum -
I \__0‘“" w.l B AN "l ia- = i Tent cenenl hﬂ ﬁ |Vurmnl reeutral : :JJ- 3\ !| T ;Y Iﬁ
P maturses 8] £ B - A R W R Huageacons | $ - % o) Lo fomu ] Edlowsdva . || oo O Fomat | o o Sond flesk
Ciipbasi : Fant . Angrment : st cem tanimy
e e A e L s o i AN T T =
Loaded Coal
STOPPING DISTANCE TABLE (time in seconds, distances in metres) (includes 15 % allawance)
(distances oaly)
GRADE (1 m X)
F
30 | Caleulated from STOPDET progran ARTC STOPDET Version 2.1
31 ar Brake Parameters used (spesd imh decel s} (1.0.7) (45.0.5) (115.0.35) 0.0
32 Rosing Resmtance - Included
33 mrakecely-  Gseconds A braks bukd up bind - 445 saconds Cate: WEE
34
35
36 Sugnal Designer Name: Richard Stepnicwski L
37 Crganisation ARTC
38
W7V W] St | mesults - Fas Tabls Griginal GV Tables | Varblle Grad “ Varons " Coordnates T3 oLl =
rooy |3 |
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Appendix A — Worked Example

4.3 Iteration 3

Rear of Train Proposed Signal position Fixed Signal

=0 0 000

O

Overlap i
1500m :
€ > € —>: :
T Length of Train L Servnce:' Speed Braking : Target :
by 350m i Distance BD : Speed Point :
: : level /
: ¥50 : 50 H +80
-80 T 300 : level :
soom : A 300m 700m 257m/ & 813m A 200m 500m  : ] _
: : :  Gradient Profile
floc2# Loc3# Loc 4# E Loc 5# Loc 6# : of the Line
i-150 =450 =1407 : =2220 =2420 :
E Reduce Estimate to 1420m Calculated 1449m =

3rd Calculation BD is short by -29m NOT within acceptable range of +20m/-0m

This document is uncontrolled when printed. Version Number: 1.0 Date Reviewed: 19 June 2017 Page 14 of 17
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Appendix A — Worked Example

| i

Geneial - _ﬁ.! -ﬁ

-y ¥ = Wean

G copy - : :
* Fromatvuan B4 L D0 B-A- B E W EE Wreseacowws | $ - % v |88 Gondtondt Format | [Calcutation | [T et Oote Foemat | 5oL sath Fnds
Chetonid . Fart - Aignment . Prambr . Shybes Cely Lading

[ a1 - (& fe | ARTC STORDIST START FORM &

P N ) c o £ I3 G i 1 Y i M| N 3 1] Q R s il U v w E3 ¥ P v WL
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Appendix A — Worked Example

4.4 Iteration 4
Rear af Trln Proposed Signal position Fixed Signal
——— l I
: ! ! S-
: : Overlap :
1500m : :
€ > " " > :
Reduce BD } Length of Train L Serwcg Speed Braking : Target :
by 325m : Distance BD : SpeedPoint
g i |Evel E /
T, o +50 -50 : +80
i 80 700 level &
s0om - /M 300m 700m 257m/ - 813m 200m 500m : ] ]
: : :  Gradient Profile
Loc2# Loc3# Loc 4# Loc5# Loc6# : of the Line
i =175 =475 =1432 =2245 =2445 :

Change Estimate to 1445m Calculated 1438m

4th Calculation BD is 7m within acceptable range of +20m/-Om
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