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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction
This document describes methodologies for calculation of braking performance such as stopping
distance, deceleration, power and energy for railway rolling stock.

The objective of this document is to enable the railway industry and operators to work with common
calculation methods.

The ISO 20138 series consists of two parts (ISO 20138-1 and this document) which complement
each other.

Thif document describes the step by step calculation methods for railway applications‘dgplicable to
all ¢ountries. In addition, the algorithms provide a means of comparing the results of,other braking
performance calculation methods.

Thg methodology of step by step calculation is based on numerical time integratién.

The step by step calculation method cannot be used for stationary brakingThis document c¢nsiders an
example for stationary braking of a multiple unit in accordance with [SQ-20138-1.

When calculating stopping and slowing distances using the step, by step calculation method, it is
intgnded that both ISO 20138-1 and this document be considered.

© IS0 2019 - All rights reserved v
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Railway applications — Calculation of braking
performance (stopping, slowing and stationary braking) —

Part 2:
General algorithms utilizing step by step calculation
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Scope

5 document specifies the methodologies for calculation of braking performance fi
ing stock.

5 document describes the general algorithms/formulae using instantanepu’s value inputs
ulations of brake equipment and braking performance, in terms 0f)stopping/slowing
king power and energy for all types of rolling stock, either as vehicl€s or units.

calculations can be performed at any stage of the assessmént process (design, mz:

pptance criteria (pass/fail).

5 document is not intended to be used as a design guidé for the selection of brake systen
specify performance requirements. This document does not provide a method to c
ension of stopping distances when the level of demanded adhesion exceeds the availab
eel slide activity).

5 document contains examples of the caleulation of brake forces for different brake equip
examples of the calculation of stopping-distance for vehicles or units.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements_of‘this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

20138-1:2018,~Railway applications — Calculation of braking performance (stopping, s
ionary braking)— Part 1: General algorithms utilizing mean value calculation

Ternmis'and definitions

thepurposes of this document, the terms and definitions given in ISO 20138-1 and the follo

br railway

to perform
distances,

inufacture,

ing, verification, investigation, etc.) of railway rolling stock:\Fhis document does not set put specific

s and does
culate the
e adhesion

ment types

Pir content
pplies. For
[s) applies.

fowing and

wing apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

31

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

slowing distance

N

distance run between the initial brake demand and achieving the final speed vy,

Note 1 to entry: When the final speed vg;, = 0 m/s, slowing distance is also known as stopping distance.
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3.2

slowing time

t

elapsed time from the initial brake demand until the final speed vy, is reached

Note 1 to entry: When the final speed v, = 0 m/s, slowing time is also known as stopping time.

4 Symbols

For the purposes of this document, the general symbols given in Table 1 and ISO 20138-1:2018,
Table 1 apply.

Table 1 — Symbols

Symbo Definition Unit

a Instantaneous deceleration of the vehicle/unit m/s2
Age) = 100 % Deceleration during each chosen time step m/s?
a; Constant deceleration during iteration step j m/s?
D .« Wheel diameter max. m
Din Wheel diameter min. m
Fp ax.st Stationary brake force acting on that wheelset N
Foadi Force acting on single disc surface (i is an index used fdr sorting) N
Fiy Instantaneous retarding force of brake equipment type n N
Fo Instaptaneous retarding force for brake equipmént type n during iteration N

L) stepj
Fi nom Nominal retarding force N
f(t) Factor dependent on time —
f(6) = 1009 Index for 100 % applied braking foxice without consideration of any time -

characteristics

f(v) Factor dependent on speed —
f(x) Factor (common characteristic) dependent on another variable x —
Iirq Transmission ratio —
J Iteration step number —
P, Instantaneous\braking power of brake equipment type n w
S; Distance trayelled from brake command at time ¢, to time ¢; m
s Distange travelled during iteration step j whilst the brake equipment type n m

nj is applied
Sref(Af) Stopping/slowing distance, calculated with time step At m
Scomp(2 - Af) Stopping/slowing distance, calculated with doubled time step (2 - At) m
o Br akig C‘libtau\.? withotteconsiderationrofany timecharacteristiesfromint —

/(1) =100 % tial speed v, to final speed vg;,,
t Slowing time/stopping time S
t; Elapsed time from brake command to iteration step j S
At Time step S
1% Current speed m/s
v; Speed at time ¢; m/s
V1ECB Deactivating speed of eddy current brake m/s
€ Speed deviation from vy, m/s
U Coefficient of friction (brake pad or block) —
& Relative distance deviation %

2 © IS0 2019 - All rights reserved
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Table 1 (continued)

:2019(E)

Symbol

Definition

Unit

ax

Value of the instantaneous adhesion required between wheel and rail for the
braked wheelset

req

Required wheel/rail adhesion

5

General explanation of step-by-step calculation

5.1

Thd
retd
isa
Tim
thr
forq

step integration schemes). Each time step is characterised by an initial state and a final st
ial and a final speed.

init

For
and
the

Thd

5.2

Mat
etc.
dec

Thd
in t
Thy

bpropriate are given in [SO 20138-1.

pughout each step's duration. The duration of each step can depend jon changes in t

each time step, the distance travelled during that time step as well as the final speed ar¢

calculations for each time step are used as inputs to the.calculations for each subsequent

bleration forces (e.g. wind forces;running resistance) are described in ISO 20138-1.

erms of dimensionless factors (functions), e.g. time dependency f(t), speed dependen

Method

step-by-step method is used when it is not appropriate or desirable to represent.the ngn-constant

rding and braking forces by mean values. Further details of when the use of mean value c

e steps are defined in such a way that the braking forces can be. considered a

e and is not necessarily fixed (i.e. algorithms can be based eithef. on constant or adg

the deceleration at the end of that time step is calculatedaccording to Newton’s laws. Thg

calculation shall be done in accordance with thewerkflow as shown in Annex A.

Retarding force models
are described in Annex B. The mathematical models for disc brakes, tread brakes ar

impact of time, speed, load, temperature, etc. on the nominal retarding force can also bd

s, any deceleration forde characteristics due to brake system applications or acting exte

he braking

hlculations

constant

ptive time

ate, e.g. an

calculated
outputs of
time step.

hematical models for common brake systems (e.g. magnetic track brakes, electrodynamic brakes,

d external

expressed

y f(v), etc.
rnal forces

(e.g} wind forces) can be(modelled.
These dimensionlessAactors can take effect at the same time and are thus superposed by mufltiplication
as set out in Formula (1).

FrzFr‘nomf(t)f(v)'f(X) (1)
© IS0 2019 - All rights reserved 3
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where

F

r,nom

f0)

is the instantaneous retarding force acting at the rail generated by the brake equipme
expressed in N;

is the nominal retarding force, expressed in N;

is the factor dependent on time;

nt,

f)

f®)

NOTE f

5.3 Algd

5.3.1 Ge|

Instantang
Figure A.1

The numer

Every calcfilation begins with the initial brake demand and the initial vehicle/unit speed.

The initial
braking for

The result
speed) refg

The vehiclg
calculated.

The value
its target v

If the targe

The time s

5.3.2 Time integration

The time i

1s the factor dependent on speed;
is the factor (common characteristic) dependent on another variable x.

or nominal retarding forces F, the factors f(¢), f(v) and f(x) are equal to 1.

r,nom’

rithm

neral description

ous values are the input data for step-by-step (iterative) calculation. The workflov
shall be used for performing stopping and slowing calculatiens.

ical integration is time-based.

time step begins at time ¢, = 0 s simultaneously with the start of the braking demand.
ces which are acting in the initial time step@re calculated.

of the first iteration step refers to j = 4}.d.e. vi= v, -
r to indexj = 0.

a, At, whereas initial values (e.g. in

/unit speed at the end of the time step and the distance travelled during this time step

pf the selected parameter,(e.g. speed, distance) at the end of the time step is compared V
alue.

t value has not beenreached, the calculations are repeated for the next time step.

ep calculation-continues until the target value is reached.

1tegration should continue until the calculated value of the selected parameter (e.g. sp§

nnnnnn thatargatr yaliin Af 4+ o4 oo b nitha cond nlEornanls
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tial
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ed)

is consider

o + 1o wha Hion gl
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achieved (where speed is used as an example selected parameter):

“’j

where

Vi

Vfin

&

~Vin ‘<8

is the speed at time t; expressed in m/s;
is the final speed, expressed in m/s;

is the speed deviation from vy, expressed in m/s.

2) is

(2)
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A speed deviation not greater than 103 m/s is considered as suitable for high speed train calculations.

For lower speeds or slowing calculations, other values may be used.

Based on the calculation of retarding forces and external forces, the constant deceleration g; during
iteration step j can be calculated as set out in Formula (3):

(zFr,n+zFext )j

(3)

a. =
J
mdyn
where
Jj is the iteration step number;
g is the constant deceleration during iteration step j, expressed in m/s?;
Fip is the instantaneous retarding force of brake equipment type n, exptressed in N;
oxt Isthe external force, expressed in N;
Mgyn  is the dynamic mass, expressed in kg.

If the target value of the selected parameter has not been achjeved, the next time step int
confducted, utilising the outputs of the preceding step, as shownyin Formulae (4) to (8):

egration is

Speed at start of step ¢;, 4 Vi =V—a; At 4)

Di f = AL AL 5
istance at start of step ¢;, 4 Sjp1 =SV t—E-aj- t (5)

. . (ZF;‘n +2Fext )]'+1
Deceleration during step ¢, 4 RS - (6)
dyn
Next time step L =t; +At (7)
Next time increment j—oj+1 (8)
wheére

a is th€ constant deceleration during iteration step j, expressed in m/s?;

Fep is’the instantaneous retarding force of brake equipment type n, expressed in N;

Iz~ is the external force, expressed in N (for decelerating force positive value,

for-aceceleratingforce-negative-value);

j is the iteration step number;

Mgyy  is the dynamic mass, expressed in kg;

S; is the distance travelled from brake command at time ¢, to time ¢; expressed in m;

¢ is the elapsed time from brake command to iteration step j, expressed in s;

At is the time step, expressed in s.

The final time step sometimes needs to be adjusted, if necessary, to meet the target value of the selected
parameter (see 5.3.1).

© IS0 2019 - All rights reserved
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Other more detailed algorithms may be used if considered necessary.

5.3.3 Determination of time step/relative distance deviation ¢

The relative distance deviation & has to be calculated if the applied integration procedure imposes
constant time steps. If an adaptive time integration is used, the requirements in this clause are not
applicable.

The time step At shall be chosen in such a way that the relative distance deviation is not greater
than the minimum prec151on requlred The relatlve distance dev1at10n & is obtained by two separate

integration ing

distance s ¢ and the second integration with doubled time step 2 - At determines a new stopping/

slowing di§tance scqp (2. o for comparison. The relative distance deviation {is calculated in aceordgnce
with Formula (9) and s[hall not be greater than the minimum precision required.

The value [of the relative distance deviation & shall not exceed a predefined limit valtte and can be

calculated ps set out in Formula (9):

s -5
2At f(At |
£= comp(2At) “ref( ).100 )
Sref(At)

where
3 is the relative distance deviation, expressed in. %;

Sref(Af) is the stopping/slowing distance, calculated with time step At, expressed in m;
Scomp(d- A1) is the stopping/slowing distance, calculated with doubled time step (2 - At), ex-
pressed in m.

Usually, a felative distance deviation of ¢ < 0,1x% is considered as acceptable. For low speeds fand

slowing calculations, greater values of deviatigniratio may be used.

NOTE The definition of validation requirements of any numerical integration procedure is outside the s¢ope

of this document.

5.3.4 Eqpivalent system response time ¢,

The calculdtion of equivalent.system response time allows the assumption that braking consists first|of a

"free running time" with brakinhg force equal to zero, followed by a braking time with fully applied braling

force. ISO 20138-1 describes the equivalent response time when considering the free running time.

The equivglent systém response time t, based on stopping and braking distance shall be calculgted

with two sgparatetime integrations:

a) the st )ppmg/slowmg distance calculated takmg into account the time characteristics of dach
aCting brake \:Ull,ul.uucuL L_y | %> stat uus at-time LO —0-s auuu]uaucuual_y with-the-startof-thebt a]klng
demand until achieving the final speed v ;

b) the stopping/slowing distance calculated assuming each acting brake equipment type fully applies

(100 %) at time t, = 0 s simultaneously with the start of the braking demand until achieving the
final speed vy;,,.

The equivalent system response time can be calculated as set out in Formula (10).

N

S £(£)=100%

(10)

© ISO 2019 - All rights reserved
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Vo is initial speed, in m/s;

s is the stopping/slowing distance with all time characteristics taken into account,

expressed in m;

S =100 9 1S the braking distance without consideration of any time characteristics from initial

speed v to final speed vy,

Supplementary dynamic calculations

5.4

ISO
ford

Thd
cald

wh

5.4
wh

Thd
be ¢

1 Energy dissipated by each brake equipment type

is applied, expressed in m.

2 Value of the instantaneous-adhesion required between wheel and rail for the br
pelset (7,,)

value of the instantaneouts)adhesion required between wheel and rail for the braked w
alculated as set out in Eopmula (12).

N
E F. —-m -a
—1 I',n rot,ax .
7 ===l i +1

20138-1 describes the calculation of energy dissipated during braking based on 'mean retarding

es.

total energy dissipated by each brake equipment type during iteration stepsj = 0 to J = J can be

ulated based on instantaneous values as set out in Formula (11).

WB,n ZZ(Fr,n,j'Sn,j ) (1D
j=0

bre

Wy, isthe energy dissipated by brake equipment type n, expressed in J;

F.,;  istheinstantaneous retarding force for.brake equipment type n during iteration step j,

expressed in N;
Sn,j is the distance travelled during itération step j whilst the brake equipment type|n

aked

heelset can

(12)
ax
)
whére
T4 is the value of the instantaneous adhesion required between wheel and rail
for the braked wheelset;
N is the number of brake equipment types;
N is the sum of all adhesion dependent retarding forces from all brake equipment types
ZFr,n per wheelset, expressed in N;
n=1
n is the instantaneous retarding force of brake equipment type n, expressed in N;
a is the instantaneous deceleration of the vehicle/unit, expressed in m/s?;
g is the standard acceleration due to gravity, expressed in m/s?;
© IS0 2019 - All rights reserved 7
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i is the gradient of the track (positive rising/negative falling);
Mo 0 1S the equivalent rotating mass per wheelset, expressed in kg;
My . IS the static mass per wheelset, expressed in kg.

5.4.3 Maximum braking power of each brake equipment type

The step by step calculation can be used to determine the speed v when the maximum braking power

P hax n for each brake equipment type n is reached.

The instanfaneous braking power P, can be calculated as set out in Formula (13).

P,=F,}-v 13)

The maxinjum braking power can be calculated as set out in Formula (14).

Pax,n Tmax(F, ) 14)
where

P, is the instantaneous braking power of brake equipment type n, expressed in W;

Pihax n | is the maximum braking power of brake equipment type n, expressed in W;

F., is the instantaneous retarding force of brake equipment type n, expressed in N;

1% is the current speed, expressed in m/s.

The maximhum braking power of a disc brake can also be calculated using the pad forces and|the
peripheral(speed at the effective point of contact on the brake disc.

6 Considerations for stopping/slowing distances and deceleration calculationfs

6.1 Accyracy of input values
The accurdcy of the calculation-described here depends directly on the accuracy of the input data.

The accurdcy of the input-data values shall be relevant to the purpose of the calculation and shall be
traceable als to how these'values were established, e.g. engineer’s estimation, test results, manufactuiler’s
data. Suppprting calenlations or test reports (or extracts of these documents) should be attached with
the performance caletlation where applicable.

Representativescurves of the performance of a type of brake equipment, e.g. electrodynamic brake,|can

be determined hy numerical or practical methads The valnescanhe givenasatahle |

6.2 Distance calculations

The calculated stopping or slowing distance s is obtained by conducting the time step calculation
(see 5.3).

6.3 General characteristics

Descriptions of general characteristics, e.g. train formation, train mass, static and equivalent rotating
mass, dynamic mass and wheel diameter, are given in ISO 20138-1, if not otherwise specified in 6.4
and 6.5.

8 © IS0 2019 - All rights reserved
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Brake equipment type characteristics

1 General

brake equipment types are described in ISO 20138-1.

Except where alternative formulae are set out in this document, the formulae in ISO 20138-1 can be
used for mean value and step by step calculation.

6.4.

2 Inputdata

Thd
6.5

6.5

Ing
and

6.5

The
whg

For

no lpad correction is acting — the minimum vehicleloading condition shall be used.

For

diameter is not relevant for the calculation of maximum wheel and rail adhesion utilization.

6.5

The
sha

6.5

The
(IS¢

The

values of the input data can be given as a function, table, single value, chart (see Annex'().

Initial and operating characteristics

1 Nominal conditions

eneral, braking performance calculations are based on the assumption of a straight and
dry and nominal vehicle/unit and rail conditions.

2 Wheel diameter

maximum wheel diameter shall be used for all calculdtions, except for calculations of
el and rail adhesion utilization.

calculation of maximum wheel and rail adhesion iitilization, the minimum wheel diamet

vehicles equipped only with brake equipment of the type tread brake, the variance of

3 Initial speed

initial speed shall be set to the maximum design speed. Calculations using other operatid
| be performed as required,

4 Gradient

formulae for Galculation of the downhill force due to gravity depending on th|
20138-1:2018,,5.6.2) shall be used replacing the mean value-forces by instantaneous fo

As

apjication. In such cases, the downhill force shall be recalculated.

effect ofthe gradient has influence on the downhill force. The gradient can change durin

malternative, the influence of the gradient on the braking force may be calculated using

N

level track,

maximum

er and — if

the wheel

nal speeds

e gradient
Fces.

b the brake

a factor as

3 O 0

il ad
dESu TOCOTIT Oz~

6.5.

5 Level of the brake demand

If step by step calculations are performed, typically the brake demand level used shall be the emergency
level. This method can also be used for other levels of brake demand, e.g. full service brake, service brake.

6.5.

6 Degraded mode

Degraded mode means operation with specified quantities of isolated, non-active or non-functional
brake equipment.

This calculation method can be used to calculate brake performance when operating in degraded
modes.
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6.5.7 Degraded condition

Degraded condition means reduced friction coefficient due to environmental conditions, pollution and/

or lower w

heel and rail adhesion.

Generally, brake calculations are performed with nominal parameters of the brake equipment in use.
The influence of degraded conditions on brake performance can be calculated with this step by step
calculation method.

NOTE

6.5.8 Avpilable coefficient of wheel and rail adhesion

If the requlired wheel and rail adhesion exceeds the available adhesion, it can lead to an ineveas

the stoppi
regulation

The requir,

shall be loy

The determination of degraded conditions is outside the scope of this document.

g distance compared to a theoretical calculation as a consequence of a slidingwheelsg
by the wheel slide protection device.

ed wheel and rail adhesion of each wheelset, calculated as set out in ISQ 20138-1:2018, 5
Ver than the assumed or specified available wheel and rail adhesion. Thislavailable coeffic

e of
t or

6.4,
fent

of wheel and rail adhesion is dependent on the conditions prevalent at the timne-of braking e.g. sandling,

speed, env

6.6 Othe

6.6.1 Ge|

By convent

6.6.2 De

Refer to IS

For a step-
obtain the

6.6.3 Eq
The equiv3
over a spe
force, as gi

SAH)=100 %

rip=10

10

ronmental conditions, number of axles, etc.
b1 deceleration calculations

neral

ion, deceleration is considered as a positive value:

celerations resulting from the force generated by each brake equipment type (q;,,)
D 20138-1 for a general description of this calculation.

by-step calculation, average values.of braking forces during the time step j should be use
pverage deceleration a;, provided’by equipment n.

pivalent (mean) deceleration (a.) based on distance

lent deceleration is €qual to a mean deceleration with respect to the distance during bral
ific speed range. The deceleration a, is based on a calculation with a fully applied bral
en in Formula~(15):
N
A#)=100% 2 2
Vo ~Viin

2'S£(£)=100%

1
af(r)=100%95

t)=400% 0

d to

(ing
(ing

15)

is the equivalent (mean) deceleration, expressed in m/s?;

is the braking distance without consideration of any time characteristics
from initial speed v, to final speed vy, expressed in m;

is the deceleration during a time step without consideration
of any time characteristics, expressed in m/s?;

0%
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Vo is the initial speed, expressed in m/s;
Vfin is the final speed, expressed in m/s;
f(©)=100 % is the index for 100 % applied braking force without consideration
of any time characteristics.
7 Immobilization brake calculation

The step-by-step method is not appropriate for immobilization brake calculations. Refer to ISO 20138-1
for Jmmobilization brake calculations.
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Annex A
(normative)

Workflow of kinetic calculations

Figure A.1 describes the workflow for conducting stopping and slowing calculations.

f Start \
—

6.3 General . u6i.4mBeI;1atkte .
characteristics quip Cyp
characteristics
6.5 Initial and operating
characteristics
Initial train and
kinetic data
_ i Input: /
j=0 Initial data
5.3.2 Time

integration j = j+1
Time step values:

' Yes
a,s,t,v,j
IS
F
extj’" rnj
Resulting selection
Kinetics and Forces
5.3.2 Time integration 5.4 Supplementary
5.3.4 Equival. syst. response time dynamic
6.2 Distance calculations calculations
6.6 Other deceleration calculations
a,s,t,v.,j
S ] ae; atj'tsj Wy Pn Tax
Fext,j’ Fr,n,j y o o€
End

Figure A.1 — Calculation flow diagram for stopping and slowing
12
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Annex B
(informative)

Calculation of retarding forces (non-stationary)

B.1—Retarding force sfmagnetic track brake

.......... 1) £ ) TorIxe

The retarding force generated by one magnet of a magnetic track brake F, is repres

chafacteristic curve showing the retarding force vs. the speed (see Figure B.1).

Fng
\
\
\
N |
N\ |
AN
AN
|
|
| |
| I
| I
|
| I
| I
| I
| |
V1, Mg Yo, Mg v

vs. speed

Thq instantaneous friction coefficient of one magnet (pole shoe) uy, can be calculated ag

Formula (B.1).

1

8 Tl vy

Theretarding forcef one magnet F;, can be calculated as set out in Formula (B.2).

Fng :FAMg “Hyg

Figure B.1 — Characteristics of the retarding force of one magnet of a magnetic tra

bnted by a

rk brake

set out in

(B.1)

(B.2)

whére
Fng is the retarding force of one magnet, expressed in N;
FAMg is the attraction force of one magnet, expressed in N;
Hmg is the instantaneous friction coefficient of magnet (pole shoe);
1% is the current speed, expressed in m/s;
Vo,Mg is the activating speed of magnetic track brake, expressed in m/s;

© IS0 2019 - All rights reserved
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Vi,Mg is the deactivating speed of magnetic track brake, expressed in m/s;
ko is the coefficient (provided by the supplier);
ky is the coefficient (provided by the supplier), expressed in s/m.
NOTE The total retarding force of all magnets in a vehicle Fyy4 1o is calculated as set out in ISO 20138-1.

B.2 Retarding force of linear eddy current brake

The retar
showing th

The eddy ¢

Ing force generated by eddy current brake brECB 1S represented by a characteristic CuU

e retarding force vs. the speed (see Figure B.2).
Figcp
FrECB, max 7 I
/] | "n,

/ I |
/ | |

/ I I m
oo
/ I I
/ I I
/ | |
| |

Vigce  Veha %

Figure B.2 — Characteristics of the eddy current retarding force

urrent brake is used for speeds higher than the deactivating speed v, g (see Figure B.2).

rve

tin

3.3)

The charagteristic speed v, is the speed at which the eddy current brake generates the maximum
retarding force. The instantaneous retarding force of eddy current brake can be calculated as set oy
Formula (B.3).

FrECB 7 FrECB,max '[l_kZ '(v_vcha )] (
where

FikcB is thednstantaneous retarding force of linear eddy current brake, expressed in N;

FigcB nlax isthe maximum retarding force of linear eddy current brake, expressed in N;

k, is the coefficient (provided by the supplier), expressed in s/m;

1% isthecurrentspeed;, EXpressed i m/s;

Veha is the characteristic speed (corresponding to maximum retarding force),

expressed in m/s.
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As an alternative, the instantaneous retarding force of an eddy current brake can be calculated as set

out in Formula (B.4).

Figcg =F rECB,max (B.4)

with

n=nyforvzvy,

n =n, forv<vgy,

whére

Fgcn is the retarding force of linear eddy current brake, expressed,in N;

FigcBmax 1S the maximum retarding force of linear eddy current brake, expressed in IYi;

-

Vo is the initial speed, expressed in m/s;
V1ECB is the deactivating speed of eddy current brake;expressed in m/s;
Veha is the characteristic speed (correspondingto maximum retarding force),

expressed in m/s;

1% is the current speed, expressed in, m/s;
nq is the value of power in speed\range above v, (provided by the supplier);
n, is the value of power in speed range below v, (provided by the supplier).

B.3 Retarding force of electro-dynamic brake

Thd retarding force of electro-dynamic brake Fggpy is represented by a characteristic curvp shown in
Figyire B.3.

FBED

BED, max

o
|

<+-F———4——

Vs V3 V2 1 Vmax

\%

Figure B.3 — Characteristic of an electro-dynamic retarding force

The instantaneous values of the retarding forces Fggp, can be calculated in different speed ranges as set
out in Formulae (B.5) to (B.9):
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Ifv<vy

Fggp =0 (B.5)
Ifvy,sv<vy:

Fgep =FBED,max It (B.6)

T V3TV

Ifvysv<v,

Fgep ={FBED,max (B.7)
If v, < v <y, the retarding force is governed by the power hyperbolics:

Fgep ={FBED,max {VTZ} (B-8)
Ifvzvg:

vV, Vg

Fgep =|FBED,max {V—z} (B9)
where

Fgep is the retarding force of electro-dynamic brake, expressed in N;

Fggpmbhx 1S the maximum retarding force of eleGtro-dynamic brake, expressed in N;

1% is the current speed, expressed in'm/s;

VieVy are the particular speeds, expressed in m/s.

B.4 Retarding force of fluid retarder

The retardjng force of a fluid retarder Fgpp is represented by a characteristic curve shown in Figure|B.4.

FBFR

FBFR, max

v, 7] Vo v

Figure B.4 — Indicative characteristic retarding force of a fluid retarder

The instantaneous retarding force can be calculated in different speed ranges as set out in
Formulae (B.10) to (B.12):

16
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Speed range v <v,:

2
v
Fgpr =Fgprmax "3 (B.10)
V2
Speed range v, v <v;:
Farr = Fgrr max (B.11)
Speed range v 2 vy:
V1
Fgpr :FBFR,max Y (B.12)
where
Fprr is the instantaneous retarding force of fluid retarder, expressed in N;

Fgprmax 1S the maximum retarding force of fluid retarder, expressed in N;

12 is the initial speed, expressed in m/s;
1% is the current speed, expressed in m/s;
Vi.Vy are the particular speeds, expressed inguys.

© IS0 2019 - All rights reserved 17
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Annex C
(informative)

Examples for brake calculation

C.1 Multipleunit
C.1.1 Geperal
Figure C.1 phows a schematic layout of a multiple unit.
V4 V3 V2 Vi1
N | ] m| m m m | ] I\
14 13 1211 109 8 7 6 5«4 3 2 1
B7 Bé6 B5 B4 B3~ B2 B1
Key
1to14 wheelset number
B1 to B7 bqgie number
V1to V4 vehicle number
Figure C.1 — Schematic layout of a multiple unit
Table C.1 describes the location of different types of brake equipment within the multiple unit showpn in
Figure C.1.
Table C.1 —Multiple unit — Brake equipment type
Bogle Wheelset Brake equipment types and clause reference
B1, 7 1, 2, 13,14 |Main brake system motor vehicle (electric drive):
— Wheel mounted disc brake (sintered brake pads)
— Electro-dynamic brake
B2, B6 3,4,11,12 |Main brake system motor vehicle (electric drive):
— Wheel mounted disc brake (sintered brake pads)
— Electro-dynamic brake
— Magnetic track brake (per bogie)
B3, B4, B5 5,6,7,8,9,10 |Main brake system trailer vehicle:
— Axle mounted disc brake (two per wheelset, sinter pad)
— Magnetic track brake (per bogie)
B1, B3, B5, B7 1,2,5,6,9, 10, | Parking brake:
13,14 Spring applied brake (one per wheelset)

C.1.2 Example for brake calculation of multiple unit

Table C.2 shows the input data.

18
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Characteristic description Symbol Example Unit
value
Vehicle data
fnhdaer;ecrtlzlzrslilcc)fcsosglg1ent of the train c, 1500 N
broportional o the speed 6 50 N//s)
Characteristic coefficient of aerodynamic
resistance due to pressure drag and skin [0 3,5 N/(m/s)?
friction drag
Initial speed Vo 200 km/h
Final speed Viin 0 km/h
Vehicle/Unit/ Characteristic description Symbol Example Unit
Axle no. value
Empty: Design mass in working order
V1 and V4 Static mass My, 67 400 kg
V1 and V4 Equivalent rotating mass Mot 5392 kg
V2and V3 Static mass Mg, 56301 kg
V2and V3 Equivalent rotating mass me o 2250 kg
1,2,13,14 Static mass per wheelset Mgy ax 16 100 kg
3,4,11,12 Static mass per wheelset Mg ax 17 600 kg
56,78,9,10, |[Static mass per wheelset Mgy 2y 18 767 kg
Laden: Design mass in working order plus payload (maximum braking load)
V1 and V4 Static mass mg, 70400 kg
V1 and V4 Equivalent rotating mass Myot 5392 kg
V2 and V3 Static mass M, 60 300 kg
V2and V3 Equivalent rotating-mass Mot 2250 kg
1,2,13,14 Static mass per‘wheelset Mgy ax 16 850 kg
3,4,11,12 Static mass ‘per wheelset Mgy ax 18 350 kg
9,6,7,8,9,10 |[Static mmass per wheelset Mgy ax 20100 kg
Wheel diameter
91”1‘6’31’1‘%’15 613 14 Wheel diameter max. D hax 0,92 m
91"1‘6’31’3’15 613? ?4 Wheel diameter min. Din 0,84 m
One electro-dynamic brake per wheelset
1,2,3,4,11,12, |Maximum retarding force of electro- - 17 nnn N
13, 14 dynamic brake * BED,max sTEEE
L2, 3;’3"}’111’ 12, Particular speed 2] 200 km/h
L2, 3;’3"}’121’ 12, Particular speed 123 120 km/h
L2, 3;’3"}’121’ 12, Particular speed V3 15 km/h
L2, ?1’34’}’121’ 12, Particular speed vy 10 km/h

© IS0 2019 - All rights reserved
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Table C.2 (continued)

Characteristic description Symbol Example Unit
value
Time characteristic of electro-dynamic brake
Retarding force from 0 sto 0,5 s 0 %
Retarding force from 0,5sto 2 s . Linear %
increase
Retarding force from =2 s 100 %
Two disc brakes per wheelset
1,2,3,4,5/6,7 8, |Brake cylinder area )
9,10, 11, 14, 13, 14 Ac 176,7 h
1,2,3,4,5/6,7 8, |Efficiency of brake rigging 095 .
9,10,11,17, 13, 14 Mrig ’
1,2,3,4,5/6,7 8, | Mean friction coefficient of brake pad 035 .
9,10,11, 14, 13, 14 Hm '
1,2,13] 14 Restprmg force of brake unit or spring Fy ¢ £0)63 KN
applied force :
5, 6,910 Restprmg force of brake unit or spring Fy ¢ 0,5 KN
applied force :
1,2,3,4,11,12, |Riggingratio .

13, 14 Idg 8,78 _
5,6,7,8,9,10 |Riggingratio irig 10,96 —
1,2,3,4,11,12, |Mean sweptradius of the brake pad . 305 mm

13, 1 on the disc face m
5,6,7,8,09,10 Mean swept radius of the brake pad on the
. r 251 mm
disc face m
Brake cylinder pressure in speed interval
V1to V4 Brake cylinder pressure in speed interval 23 bar
200 km/h to 170 km/h Pe ’
V1to V4 Brake cylinder pressurg in speed interval 33 bar
170 km/h to 0 km/h Pe ’
Time characteristic of disc brake
Retarding forcée from 0 sto 0,5 s 0 %
Retardingforce from 0,5s to 3,5 s Linear o
increase 0
Retarding force from 23,5 s 100 %
Magnetic track brake
Two magnets per bogie
B2, B3, B4,|B5,.B6 | Attraction force of one magnet Famg 84 000 N
AcCtivating speed of magnetic track brake Vo Mg 200 Rm/h
Deactivating speed of magnetic track brake Vi Mg 50 km/h
Coefficient (provided by supplier) kq 0,068 h/km
Coefficient (provided by supplier) ko 5 —
Time characteristic of magnetic track brake
Retarding force fromOsto2s 0 %
Retarding force from 2 sto 2,5 s Linear o
increase 0
Retarding force from 22,5 s 100 %
20 © IS0 2019 - All rights reserved
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Table C.2 (continued)

Characteristic description Symbol Example Unit
value
Stationary brake (spring applied parking brake) wheel mounted
Force acting on single disc surface
(iis an index used for sorting) Foaa, 27500 N
Number of disc faces Ntace 2 —
Static friction coefficient of brake pad Ut 0,3 —
Angle of slope (26 %) a 1.5/90 - /2 °
1,2,13, 14 Number of spring brake units per wheelset Ngp 1 —
Maximum permitted wheel and rail adhesion Thax 0,12 —
External forces (e.g. wind force) Foyt 0 N
Mean swept radius of the brake pad
on the disc face "m 35 mm
Stationary brake (spring applied parking brake) axle mounted
Force acting on single disc surface
(iis an index used for sorting) Fradi 27500 N
Number of disc faces Nfsde 2 —
Static friction coefficient of brake pad Ut 0,3 —
Angle of slope (26 %o) a 1,5/90 - /2 °
56,9, 10 Number of spring brake units per wheelset Ngp 1 —
Maximum permitted wheel and rail adlésion Tmax 0,12 —
External forces (e.g. wind force) Fost 0 N
Mean swept radius of the brake'pad
on the disc face "m 251 mm
Thg maximum braking load is based pni-the maximum expected density of standing pasfengers on
boalrd in addition to the normal loag-and should be specified and agreed for each project. Fof guidance,
thelfollowing categories can be considered:
— |0 kg/m? in the standing(area for trains with restricted seat reservation system and ro standing
passengers at all;
— 160 kg/m? in the standing area for regional trains and long-distance trains;
— |300 kg/m? i the standing area for trains that are worked intensely with a medium| volume of
passengers;
— [500 kg/av? in the standing area for trains that are worked intensely with high volumes of passengers

such\as found in inner cities and suburbs.

[s] D 1 i pa | 2
C-1u) DIdRT SyStTIII UTSIGIT

The brake system should be designed under the following conditions in all required brake modes:

Step 1:

— Emergency brake condition;

— Maximum initial speed;

— Design mass in working order plus payload (maximum payload).
Step 2:

— Emergency brake condition;

© IS0 2019 - All rights reserved
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Maximum initial speed;

Design mass in working order.

Stationary brake.

Step 4 (if required):

Servic

The purpo

systems, o

Requirems

The stopp

emergency

NOTE

C.2 Res

C.2.1 Re

Figure C.2
equipment

’

Degraded modes/degraded conditions;

b brake.

e of the blending concept as described in C.2.7.5 is e.g. prioritization of wear-free br
btimisation of wheel and rail contact, reduction of longitudinal forces.

nts for step 4 should not be more extensive than requirements for emergency brake.

ng distance of a service brake should never be less than the stopping distance of
brake.

nlts

tarding force of single brake equipment types

shows the sum of different retarding forces versus speed related to the rail of each br
type applying high and low brake cylinder. pfessure.

'he definition of a blending concept is outside the scope of this document (see ISO 20138-1:2018, 5.p.

ake

an

ake
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C.2

The
strd
160

Thd
pre

The

100 -

50 -

100

speed, expressed in km/h
retarding force, expressed in kN

expressed in kN.

expressed in kN.

Retarding force of "train resistance", expressedin kN.

Figure C.2 — Retarding forces of brake equipment types versus speed

2 Stopping distance

Sum of braking forces of brake equipment type "disc brake" én’all wheelsets 1 to 14,

_ Sum of retarding forces of brake equipment type "maguietic track brake" on bogies B2, B3, B4,

150

B5, B6,

stopping distance is calculated in design mass in working order plus payload (maximur payload),

ight level track and mraximum wheel diameter for the different initial speeds of

km/h, 140 km/h and<120 km/h.

relative distangedéviation £ is calculated as set out in Formula (9) and should not

Hefined limit valwue.

results of the distance calculations are shown in Table C.3.

P00 km/h,

exceed the
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Table C.3 — Stopping distances

At=0,01s
g VO
Initial speed km,/h 200 160 140 120
Stopping distance {; 1333 761 592 446
Stopplng dlStance for S 1229 0 200 LQ2 N9 4405 LD
CalCula‘lOn Off m T IO 700,07 [y ~yavy = T, 0
2xAt=0,02s
. VO
Initial[speed km/h 200 160 140 120
Stopping|distance r; 1333 761 592 446
Stopping djstance for s 1332,77 760,67 592 445,54
calculation of § m
As
. Vo
Initial|speed km,/h 200 160 140 120
Ns r; 0,08 0,02 0,02 0,02
Relative distance J 0,005 48 3,002 69 0,003 45 0,004 59
devition %

C.2.3 Equivalent (mean) deceleration based on distance

The equivdlent deceleration is calculated as<set out in Formula (15) for design mass in working ofder
(empty) and design mass in working order’plus payload (maximum payload) (laden) and with and
without refponse time (see Table C.4).

Table C.4 — Equivalent deceleration

At=0,01
Vo - -
Speed range km,/h 200-170 170-0
Equivalent deceleration a, , 0,92 147
laden m/s
Equivalent deceleration a, , 0,97 1,54
empty m/s

C.2.4 Required wheel and rail adhesion 7,

The required wheel and rail adhesion Treq is calculated as set out in in ISO 20138-1:2018, 5.6.4,
Formula (42) applying the instantaneous values.

Figure C.3 shows the calculated required adhesion per wheelset versus train speed.
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C.2

The
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The
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C.2

C.2

The
ISO

0,05 -

0 50 100 150

X

speed, expressed in km/h

wheel and rail adhesion 7

Required wheel and rail adhesion Treq ON wheelsets 1, 2, 13,14.

Required wheel and rail adhesion Treq ON wheelsets 3, 4,:11, 12.

Required wheel and rail adhesion Treq ON wheelsets/ 5¢6, 7, 8, 9, 10.

Figure C.3 — Wheel and rail adhésion versus speed and wheelset type

et out in

set out in

5 Calculation of the mass to.be‘held M

mass to be held M can be calcutated for the (single) vehicle. In that case, it is equal t¢ the static
S M.

mass to be held M_for the unit is calculated according to the procedure
20138-1:2018, B.3.
6 Stationarybrake calculation
6.1 General

safety-against rolling, safety against sliding and safety retention are calculated as
20138-1:2018, 6.14, applying the maximum wheel diameter. Dependent on the vehicle ty

nor

A load case when the vehicle ig pavlznr] n'\r]c\ﬁrnfn]v the caf:ofn is calculated for the

"laden" load case. Formally, a safe situation is given when the safety factor is higher than "1".

Normally, a passenger vehicle is parked in empty condition.

NOTE For safety calculation, the following values are used:

C.2

in laden situation, the safety factor is 21,1;

in empty situation, the safety factor is >1,4.

.6.2 Safety against rolling

The result of the calculation of the safety against rolling factor is shown in Table C.5.

© IS0 2019 - All rights reserved
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C.2.6.3 Safety against sliding

Table C.5 — Safety against rolling for empty vehicle/unit

Empty

Max wheel diameter

1,27

The intermediate results used in the calculation of safety against sliding are shown in Table C.6 and

Table C.7.
able C.6 — Iterative calculation accordlng to 150 Z201506-1:2010, 6.14, hmpty
Empty: Design mass in working order
Mgy FPerp,aX FB,aX,st Treq,max,ax FB,r,req,rem FN,rem Tax,i
Multiple unit 247 400 | 2 425 365 63 059 2425 365 0,02p
Bogie Wheelset
B2 3 17 600 172 539 0 0 63 059 2252 826 0,028
4 17 600 172 539 0 0 63 059 2080 288 0,03p
B4 7 18 767 183979 0 0 63 059 1896 308 0,038
8 18 767 183979 0 0 63 059 1712 329 0,03
11 17 600 172 539 0 0 63 059 1539791 0,041
Bé 12 17 600 172 539 0 0 63 059 1367 252 0,04p
- 5 18 767 183 979 9003 0,049 54 574 1183273 0,04p
6 18 767 183979 9003 0,049 46 089 999 293 0,04p
BS 9 18 767 183 979 9003 0,049 37 603 815 314 0,04p
10 18 767 183979 9003 0,049 29118 631335 0,04p
B1 16 100 157 834 10.940 0,069 21839 473501 0,04p
2 16 100 157 834 10940 0,069 14 559 315667 0,04p
B7 13 16 100 157 834 10 940 0,069 7 280 157 834 0,04p
14 16 100 157.834 10 940 0,069 0 0 0,04p
NOTE Yplitting of total vehicle.mass into single mass of each wheelset is sufficient without position {fter
decimal plage.
Table C.7 — Iterative calculation according to ISO 20138-1:2018, 6.14, Laden
Laden:Design mass in working order plus payload (maximum braking load)
Mg FPerp,ax FB,ax,st Treq,max,ax FB,T,req,rem FN,rem ﬂ?x,i
Multiple-unit 261400 | 2562579 67 139 2562579 0,026/2
Bogie Wheetset
B2 3 18350 | 179891 0 0,000 66 627 2382701 0,028 2
4 18350 | 179891 0 0,000 66 627 2202810 0,030 2
B4 7 20100 | 197 047 0 0,000 66 627 2005763 0,033 2
8 20100 | 197 047 0 0,000 66 627 1808 716 0,036 6
B6 11 18350 | 179891 0 0,000 66 627 1628 824 0,0409
12 18350 | 179891 0 0,000 66 627 1448933 0,046 0
20100 | 197 047 9003 0,046 57 566 1251886 0,046 0
B3 20100 | 197 047 9003 0,046 48563 1054 839 0,046 0
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