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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Railway applications — Braking system — General
requirements

1 Scope

This document specifies the general requirements for brake systems. This document focuses on general

principles

This docur
does not s

This documnent can be applied to all rolling stock with metal to metal wheel/rail contact irre

speed clas;s

2 Norm

The follow
requireme
the latest e

[SO 4975, R
[SO 10516,

ISO 20138
stationary

ISO 24478;

3 Term

For the pu
following 3
ISO and IE
ISO Ony

IEC El¢

3.1

A0 BETETdl TEQUITEIEIS Of brake SYSterTs:

hent is applicable for all types of rolling stock during design and whole lifetime."Thig
ecify the braking performance criteria.

ification.

ative references

ng documents are referred to in the text in such a way that.some or all of their content
hts of this document. For dated references, only the edition ¢ited applies. For undated
dition of the referenced document (including any amendments) applies.

ailway applications — Braking system — Quality of compressed air for pneumatic apparatus
Railway application — Vehicle reference masses?)

(all parts), Railway applications — Calculation of braking performance (stopping, s
braking)

2023, Railway applications — Braking — Generic vocabulary

s and definitions

rposes of this document, the terms and definitions given in ISO 24478, ISO 20138
pply.

[ maintain termminology databases for use in standardization at the following addresse

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

ctropedia: available at https://www.electropedia.org/

document

spective of

ronstitutes
references,

ind systems

lowing and

-1 and the

2]

general operation
mode of operation of units intended to be coupled with other units in a train formation which is not defined
at design stage

3.2

assessment
process of judging or deciding the amount, value, quality or importance of something

3.3
testing

process of using or trying something to see if it works, is suitable or obeys the rules

1) Under preparation. Stage at the time of publication: ISO/DIS 10516:2024.
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3.4
verification
process of proving that something exists or is true, or of making certain that something is correct

3.5

nominal condition

given set of conditions (e.g. dry rail, straight and level track) used to determine the braking performance
without safety margin or a confidence level

3.6
normal mode
operating condition with all expected brakes available and performing as specified

Note 1 to entry SoOIE brake UMIts CAIT bE IMtentionatty isotated:

3.7
degraded mode
operating ¢ondition where some of the brakes are not available and/or not performingas‘specifigd

EXAMPLE Equipment failure, leakage.

3.8
degraded condition
external factor adversely affecting the braking performance

EXAMPLE Low wheel/rail adhesion, wind, ice, snow.

3.9
maximum braking load
load condition corresponding to the maximum mass of payload for braking purposes

4 Design requirements

4.1 General requirements of the brakesystems

The purpoge of the main brake system is to ensure that the train can be slowed, the train spged can be
maintained on a downhill gradient, thefrain can be stopped and the train/unit can be immobilized when it
is stopped.,

The main brake system shall enable service brake application, emergency brake application and|stationary
braking.

Rail vehicles/units designed and intended to be coupled and operated together shall be fitted with a
compatiblg brake system to ensure the brake function in all vehicles/units of the train.

Additional[brake systems may be included, e.g. safety brake, earthquake brake.

Brake systems may include functions which temporarily apply traction and brake at the same tim¢ (e.g. snow
brake, hill Start):

Self-propelled special vehicles in their running mode generally follow the requirements for locomotives.
Special vehicles that are hauled in their running mode generally follow the requirements for freight vehicles.

NOTE ‘Special vehicles’ are machines which include infrastructure inspection machines and on-track
machines (OTMs).

The brake system can incorporate the ability to adjust the braking force depending on the load of the rail
vehicle/unit/train.

In brake systems using compressed air, the minimum air quality shall comply with ISO 4975.

More detailed information about automatic air brake systems is given in Annex A.

© IS0 2024 - All rights reserved
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n about certain national requirements for brake systems is given in Annex C.

4.2 General safety requirements

If a trainwide control signal for an emergency brake application is sent, no single failure in the main brake
system shall result in a loss of more than 50 % of the total braking force of the train.

Any brake application signal on a service or emergency trainwide brake control line shall always cancel any
traction demand.

After a control signal for a parking brake application is sent, no single failure in the brake system shall result
in the complete and permanent loss of the stationary braking force of the train.

The emergency brake runction of a train shall be automatic. Any inadvertent disruption of the
emergency| brake control line (e.g. loss of integrity resulting from an unintended train separatior
a mechanidal failure) shall immediately lead to a trainwide control signal for an emergency-brake
to all vehic]es from the train.

There shall be sufficient braking energy available on board the train, from the minimum sto

distributed
brake appl
maximum
the wheel
sometimes|

Any emerg
brake appl

| along the train appropriately for the design of the brake system, to ensure at least one
cation capable of stopping the train from its maximum speed in any loading conditio
braking load. The local energy storage shall take into account‘the consumption of]
slide protection (WSP) system under degraded conditions duting emergency brak
referred to as inexhaustibility).

ency brake demand shall lead immediately to a trainwidé brake control signal for an
cation and take priority over any existing brake and/ortraction demand [see 4.3.2.1 4

The cancellation of an emergency brake demand shall notcéad to an automatic release of the

release of
the driver

The propag
4.3 Req

43.1 Ge

A main brg

emerg

service

statior

A brake de
that can hg

in emergency brake application shall require.an‘intentional operational demand for ¢
br by automatic train control system.

ration speed of the trainwide emergency brake control signal shall be not less than 25
hirements for the main brake system

neral requirements

ke system shall provide;-ds a minimum, the following functions:
ency brake application and release;

e brake application and release;

ary braKeapplication and release.

mand(for a brake application shall always have priority over a brake demand for a br
ve-already been initiated.

trainwide
caused by
hpplication

red energy
emergency
in up to the
energy by
ng (this is

emergency
) to d)].

brake. The
bxample by

m/s.

hke release

To achieve

these functions, a main brake system generally incorporates the following features:

trainwide brake control device(s);

trainwide brake control line(s);
local brake control device(s);
brake units;

monitoring and display of the brake status;

© IS0 2024 - All rights reserved
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— distributed energy storage for braking force generation.

For further explanations on devices and signals, see ISO 24478:2023, Annex D.

When a trainwide energy supply line is used that is separate from any trainwide brake control lines, it is
permitted for this energy supply line also to supply energy to other systems.

The energy in a trainwide brake control line and local brake energy storage shall not be used for other
purposes than for the brake.

The general structure of a main brake system is shown in Figure 1.

Brake demand device(s) ¢
[ 1 Energy generation/
| Service brake Emergency brake Stationary brake | HEEEEY SEPPLY
| demand device demand device demand device |
- . Energy d
Signal(s)
Trainwide control device(s) ¢
I_ Trainwide Trainwide | Trainwide energy
Tramcwolndti gle ;Zl‘fii:’rake emergency brake stationary brake storage(s) ©
| control device control device |
I— ———————————————————————— Energy d
Trainwide energy supply line(s) P
Signal(s) Erfergy d
Trainwide brake control line(s) 2
Signal(s)
Local control device(s) ¢
. . B
. Local @ Local Local brake gnergy
| LozﬁLii;Yﬁ:vl;z:ke emergency bra'l&\ stationary brake Energy d storage(s)
| control device control device |
- - -~
TSignal(s) /Energy d

a Discret
control
b For soq]
brake p

¢ Depend
d  Differe

Brake units

e trainwide brake eonitrol lines for service brake control, emergency brake control and statipnary brake
are also possible,

ne applicationS).the trainwide energy supply line and the trainwide brake control line can be combined (e.g.

ipe).

ling on téchnological implementation, one or more boxes can be combined and correspond to a sfngle device.

ht typesof energy can be used simultaneously, e.g. pneumatic, electric, hydraulic.

e Energy|

geferation / energy supply and trainwide energy storages are not dedicated to braking purpose pnly and are

not considered as part of the brake system.

Figure 1 — General structure of the main brake system

© IS0 2024 - All rights reserved
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4.3.2 General functions on train level

4.3.2.1 Brake control functions

The brake control functions on train level are as follows.

a) The train shall be equipped at least with one trainwide emergency brake control line (e.g. pneumatic
brake pipe, electrical emergency brake loop).

b) The train shall be equipped with local brake control devices which are connected to the trainwide brake
control line.

c) All brake units intended to be used for emergency braking shall be controlled by each trainwide
emergfmncy brake control Iine.

d) Brake junits intended to be used for service braking shall be controlled at least by a tfainwjide service

brake
with a

[tis permit

43.2.2 A

In order to
principle fi
emergency

If a separaf
the automd

4.3.2.3 (

The main H

If the train
no more th
control dey

The main
application

The provis
applicable

NOTE ]

4.3.2.4 K

control line (e.g. hard wired, data bus). A trainwide service brake control line ¢an bg
trainwide emergency brake control line.

ted to use brake units for both emergency and service braking.

lutomatic brake application

achieve the automatic brake function, the main brake system shall be designed using :
br an emergency brake application. This is generally achieved by de-energizing thd
brake control line to command the emergency brake application.

e trainwide brake control line is used for service brake control only, this does not need
tic brake function.

iraduable brake application and release
rake system shall be capable of transmniitting a graduable trainwide service brake cont

is equipped with several service*brake demand devices (e.g. several driving cabs, ATl
an one service brake demand device shall be able to transmit a demand on the train
rice at any time in operation.

brake system shall be(capable of achieving at least seven levels of increasing ser
(from brakes released,up to and including full service brake application).

ion of direct release or graduable release of the service brake applications depen
Fegulations.

metgency brake demand devices

'he graduahility can be realized by a time- or position-dependent service brake demand devicg.

combined

. “fail-safe”
trainwide

to achieve

rol signal.
O system),
wide brake

vice brake

s on local

h

The main

1 1 4 H 1.1 ds 00 4 1 1 | PR - | s P [P FRPIGA |
UIdRCT SYSLTIID LIl TICTUUT UITITITIIU THITI STIIL Yy - UI'dRT UTIIIAITU UTVILTS  UTUIL4ALTU

to specific

purposes, for example, derailment detection system, on-board temperature monitoring of axle bearings,

“dead man’

" system.

The emergency braking performance shall be assessed with the emergency brake demand device that is
the slowest to generate the trainwide emergency brake control signal(s). It applies to all emergency brake
demand devices that can be used by the driver and to train control systems or to train protection systems
but not to passenger activated systems.

If a type of emergency brake demand is realized by the action of multiple trainwide emergency brake control
devices, then the emergency braking performance shall be assessed in the least favourable configuration
allowed in operation without restriction. For example, with a train equipped with a pneumatic trainwide
emergency brake control line and an emergency brake demand is done by opening two valves and if the

© IS0 2024 - All rights reserved

5


https://standardsiso.com/api/?name=6ac86954db9d88643bad63526a59e1fe

ISO 24221:2024(en)

train is allowed to operate with one of these two valves isolated without restrictions, the emergency braking

performan

NOTE

ce is assessed with only one valve opening.

stopping distance is the longest.

4.3.2.5 Stationary braking

4.3.2.5.1

General

The slowest device to generate the trainwide emergency brake control signal is the one for which the

Stationary braking shall provide the functions to keep a train stationary either for a certain period of time
or permanently when it is not in operation, with or without any energy replenishment.

Stationary

holdin

immol

— parking (see ISO 24478:2023, 3.4.7).

4.3.2.5.2
The holdin

secureg

secure

NOTE 1
the service

NOTE 2

NOTE 3

NOTE 4

4.3.2.5.3

The immo
defined pe|
without re

NOTE 1
brake or em

NOTE 2

T

T

T

T

T

T

braking is used for the following functions:
b (see ISO 24478:2023, 3.4.5);
ilizing (see 1SO 24478:2023, 3.4.6);

Holding
p function shall be able to:
the train at standstill during a temporary stop (e.g. in a'station, in front of a signal),

the train on a gradient during a hill start (anti-roll back brake).

brake or emergency brake.

he holding function can be simultaneously applied with a traction demand (anti-roll back brak

he brake system energy used can be replenished while the holding function is in use.

Immobilizing

riod of time and<on a defined gradient using just the brake system energy stored o
plenishment.

he immgbilizing function is active when the train is at standstill following an application of
ergency.brake.

he holding function can be provided by either the leading rail vehicle or the locomotive along,
multiple velpicles along the train.

he holding function is only intended to be active when the train is at standstill following an application of

or both, or

e, hill start).

bilizing function shall be able to hold a train stationary under specified load conditions for a

n the train

the service

P maximum

hé-immobilizing fu
+1a

nction is normally considered with a train at its maximum load, on thp

inma o PPN PR E T Syl g o ccanagarc ¥t fore

gradient of

NOTE 3
required pe

4.3.2.5.4

. +laact 20 o
A%

L adf£ asc
thereapatoratteas

rformance.

Parking

1N ro f, + 1
tWoHoHFSTortFraSsS€atrFry g PaSSeRgers; atreastS0-rHter-othrer »_y P

s of trains.

It is permitted to substitute the immobilization brake function by the parking brake, if this can achieve the

The parking function shall be able to hold a rail vehicle/unit/train stationary under specified load conditions
for an indefinite period of time until intentionally released and on a defined gradient without replenishment

of the brak

e system energy.
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Additional external devices, e.g. scotches, can be used to supplement the parking brake, in case the defined
conditions (e.g. gradient, load) are exceeded.

NOTE1 The parking function can be used for the immobilizing function.

NOTE 2

(e.g. freight yard).

4.3.2.6 Checking the brake functionality

Additional external devices can be stored on board or made available at dedicated locations on the network

As a minimum, the following functions and features of the brake system shall be capable of being checked:

the continuity of the trainwide emergency brake control line(s) along the whole train;

the availability of the braking energy supply along the train;

the stdtus of the parking brake (applied, released and optionally isolated);

the inifiation of the trainwide emergency brake control signal by each emergency brake dem
the application of the brake units initiated by an emergency brake demand;

the stqtus of the emergency brake units (applied, released or isolated);

hnd device;

the inifiation of the trainwide service brake control signal by each service brake demand deyice;

the application of the brake units initiated by a service brake démdnd;
the full release of the brake units when commanded,;

the stqtus (on/off) of the wheel slide protection system'(WSP), if fitted.

4.3.2.7 rake status monitoring when running

When running, the brake system shall provide the'following information for brake status monito

the leviel of the trainwide service brake control line(s) and the status of the trainwide emerg
control line;

ring:

ency brake

the stdtus, applied or released, of atleast one service brake unit and one emergency brake unit (e.g. a part

which|is installed on the rail vehicle fitted with an active cab). The monitored brake unit can
both energency brake and service brake application;

the leviel (e.g. voltage, pressure) of the trainwide energy supply line to the distributed energy
brakinlg force generation;

the availability@and status, applied or released, of other brake systems if they can be used ind
of the main brake system (e.g. dynamic brake).

NOTE Thebrake status is generally presented to the driver at the normal driving position in the activi

P N 4
to an automatte-trameontror SystenT:

be used for

storage for

bpendently

b cab and /or

It is recommended that the parking brake units are equipped with means to detect when a parking brake is
not released and to provide a message to the driver.

4.3.3 Additional requirements at the vehicle level

4.3.3.1 Emergency brake demand device

When the vehicle is equipped with one or more driving cab(s), each driving cab shall include at least two
independent emergency brake demand devices accessible by the driver when in the normal driving position.

© IS0 2024 - All rights reserved
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If operation takes place with a second staff member in the cab, it is acceptable for one of the emergency
brake demand devices to instead be accessible by the second staff member in their normal position.

NOTE 1

NOTE 2

NOTE 3
brake dema

nd device.

4.3.3.2 Braking capability

One of the emergency brake demand devices is usually incorporated in the driver’s brake demand device.
One of the emergency brake demand devices is usually activated by a red push button (mushroom button).

For the purpose of this subclause a safety brake demand device can be considered to be an emergency

The brake system of each rail vehicle or unit shall be designed so that it is capable of braking the mass of

the vehicle
trains incg
vehicles sh
be braked

Each rail v
accordancd
forces (e.g.

Thermal c4

NOTE1 1
document b

a)
b)

needs t

any lim
the bra

NOTE2 |

4.3.3.3 A

The manug
an ergonor|

Any manu
mechanica
target valu

[ke system.

Ul uuit \A4 it}l t}lC I Cl.iuil Cd PCI fUl IIIdIICT ill a}} }uad LUllditiUllb. IIUVVCVCI, if it ib illtClldC
rporating partially braked or unbraked rail vehicles without speed restriction,the
pll be designed to accept a higher braking duty (thermal capacity) so that the trainas g
with the required performance in all load conditions.

ehicle of the train shall be capable of dissipating the braking energy so that, when (
with the vehicle instructions, no damage occurs to the components jgenerating t
overheating of friction surfaces) or to the surrounding parts of the vehicle or the infra

|pacity requirements are set out in 5.5.

'he design of the surrounding parts of the rail vehicle and the infrastructure is outside the 3
ut either

0 take into account the operating characteristics of the brake system, or

itations the design of the rail vehicle and infrastructure’imposes need to be defined prior to t

efining the actual performance is not in the scope of this document.

\pplication of manual effort

| effort required to activate mechanical interfaces, such as handles, levers, etc., shall b
hic assessment.

hl parking brake shall pe-designed so it can be fully applied with an application fi

e when designing paiKing brake arrangements.

NOTE1 1

NOTEZ2 |

according t
(see Refere

Brake blen

Europe, the recommended maximum application force is 250 N.

Japan, the/recommended maximum application force is 294 N by one hand or 441 N by
technical.regulatory standards on Japanese railways, article 69 and the approved model sy
ce [22]):

to operate
other rail
whole can

perated in
he braking
structure.

cope of this

he design of

b subject to

brce at the

| interface (hand brake Wheel, lever, etc.) not exceeding 500 N. It is recommended to fise a lower

both hands
ecifications

ding can take place at either the local level (e.g. bogie level) or the train level, or both.

Brake blending can be realized with more than one brake system acting simultaneously, or by replacing the
braking force of a brake unit by the braking force of another brake unit.

The following blending modes may be considered:

dynamic brake is active;

force of the dynamic brake;

© IS0 2024 - All rights reserved
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— programmed blending: adjusting typically the braking force of the friction brake to the expected braking
force of the dynamic brake in accordance with an agreed characteristic (feedback from dynamic brake
only on/off);

— continuous blending: adjusting typically the braking force of the friction brake to the achieved braking
force of the dynamic brake.

From the economical/environmental point of view, a service brake demand, for example, the movement of
the driver's brake interface or an automatic service brake application by one of the train protection systems,
should initiate the dynamic brake units prior to others, if the dynamic brake units are capable of ensuring
the required braking performance. If not, it can be substituted by or blended with other brake units of the
main brake system.

If the dyng
used in thd

Brake blen
4.5 Add

4.5.1 Ge

Subclause
not it is red

4.5.2

Independe
other brak;
gradients,
brakes of t

Dynamicb

a dedi

— adynamic braking demand device.combined with traction demand device;

an aut

It shall be
“OFF” and

Independent dynamic braking

blending strategy during emergency brake applications.

ding shall respect the maximum adhesion demand set out in 5.6.
jtional brake systems

neral

1.5 describes some types of additional brake systems. This doctiment does not specify
juired to install any additional brake systems on any vehicle,unit or train.

e systems or in combination with them. For example, when operating on either signifig
br both, the dynamic braking should be capable of being applied independently from {
he train.

raking is permitted to be demanded-by one or more of the following:

ated dynamic brake demand device;

possible to vary irtdependent dynamic braking force with a minimum of seven level
‘MAXIMUM”.

bmatic train control system (e.g. cruise control); if permitted by the brake architecturg.

TITic brake systenT satisfies the ecessary safety Tequirentents, the dymantic brake may also be

whether or

nt dynamic braking is an additional brake system which can be applied independently from

ant or long
he friction

h

5 including

Independent dynamic braking which has been applied separately by the dedicated dynamic brake dempand device

may be sub

stituted gutomatically by the local friction brake at low speed only (e.g. maximum shuntin

4.5.3 InTependent direct brake for locomotives and traction units

g speed).

4.5.3.1 General requirements

The independent direct brake is an additional brake system which can be applied separately from other
brake systems or in combination with them and is not intended for use as a main brake system on a train
level. [t is used as

— an adjustable and fast-acting brake for shunting movements of locomotives or when traction units are
running alone,

an additional brake system for rail vehicles that can be operated individually where the failure of a

control unit (e.g. distributor valve) would lead to a loss of braking force of more than 50 % and where no
other brake system is available as a backup, and
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ng brake described in 4.3.2.5.2.

Locomotives and traction units that can be operated individually shall be equipped with an independent direct
brake in addition to the main brake system if no trainwide direct brake as main brake system is implemented.
It is permitted to equip driving trailers with an independent direct brake to provide a holding brake.

NOTE 1
carrying ou

NOTE 2
systems (su

t a brake test on the main brake system of the train.

ch as the door release command).

4.5.3.2 Application of the independent direct brake by the driver

The indepe
brake syst

Ifitis inten
brake onb
locomotive
inter-vehic

It shall be
“RELEASE

NOTE 1
for applicat

4.5.3.3 H

An indepet]

For system
when brak
the one wit

The energy
local energ
ensure at |

No failure

The design
than 0,25,
comply wit

NOTE1 1
main brake

The independent direct brake can be used as a holding brake in order to keep the train stationary when

The independent direct brake can be used as a holding brake that is initiated automatically by train control

ndent direct brake demand devices shall be separate from the brake demand devicesfi
b1,

pth locomotives to be controlled by the independent direct brake demand‘device(s) of
. This can be achieved by transferring electrical/electronic signals ordy a dedicated
le connection.

possible to vary the independent direct braking force with a minimum of seven level
D” and “FULLY APPLIED”.

unctional requirements
ident direct brake, where fitted, shall be able;to'operate in parallel with the main brak

s where the independent direct brake and the main brake system are acting on the sam

h the highest braking force shall take'effect.

F supply of the independent direct brake shall be designed so that no single point fa
y supply of the main brake system will lead to a complete loss of the independent dire
bast one independent direct/brake application.

n the independent direct brake system shall lead to a complete loss of the main brake,

if used as arstatic holding brake. For other uses, the assumed maximum adhesion
h 5.6.

Systen.

ded for locomotives to operate in multiple traction then it is permitted for the indepen

evels can be achieved, for example, through notch positions @1 the brake demand device or tH
on demands by the driver on a time dependent brake demaid device to result in different bral

e demands are sent simultaneously from-the independent direct brake and the main brg

of the independent direct brake shall not assume a maximum adhesion wheel/rail l¢

'he makimum braking force of the direct brake can be different from the braking forces of the }

r the main

dent direct
the leading
pneumatic

s including

e capability
fing forces.

e system.
e wheelset,

ke system,

lure in the
Ct brake, to

see 4.2.
vel greater

level shall

ail vehicle's

An error

driver's desk and the direct brake remains applied anywhere in the train formation.

M the active

In the case of electro-pneumatically and electronically controlled direct brakes, the following
requirements apply:

the brake signal shall be based on the “energize to release” principle;

the active driver's desk and the speed of 60 km/h has been exceeded;

an error message shall be displayed in the active driver's desk if an application demand is issued from

either no single point failure of the direct brake control valves shall result in an unintended brake

application or, in the event of a failure of the direct brake control valves, this shall be brought to the

driver’

s attention.
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In the case of faults and for maintenance and rescue purposes, it shall be possible to isolate and release the
direct brake by an intentional action.

For a rail vehicle/unit/train in normal operation mode, the availability of the brake systems shall be
indicated on the driver's desk (e.g. display message, pressure gauge display).

The independent direct brake shall be integrated into the vehicle diagnostic system, if available.

The build-up time for the full direct brake application shall be measured and recorded.

NOTE 2

between 5 % and 95 % of the maximum brake cylinder pressure of the direct brake.

In Europe, a common value for the build-up time for the full direct brake application is (3 + 1) s measured

NOTE 3 In China, a common value for the build-up time for the full direct brake application is (2 to 4) s measured
between 0 % and 95 % of the maximum brake cylinder pressure of the direct brake.

The releasg time shall be measured and recorded.

NOTE4 In Europe, a common value for release time is (4 + 1) s measured starting from theteduction ih maximum
brake cylinder pressure until the pressure falls below 0,4 bar?2),

NOTES5 In China, a common value for release time is (3 to 5) s measured starting fromthe reduction ih maximum
brake cylinder pressure until the pressure falls below 0,4 bar.

4.5.3.4 Ipteraction with the wheel slide protection system

A single fallure in the wheel slide protection system shall not lead“0 a reduction of the indepenfent direct
braking fofce of more than 50 %.

It is permifsible to deactivate the WSP in defined independént direct brake applications or brake steps, in
which case|the WSP shall be immediately reactivated on deselection of the defined brake applicatiops or steps.
4.5.3.5 Ipteraction with other systems

The indep¢ndent direct brake shall not be advérsely affected by any brake management system which is
used in acdordance with 4.4.

The indepéndent direct brake shall bewfunctionally independent of the dynamic brake. It is pgrmitted to
automaticdlly substitute the dynamie-brake by the independent direct brake.

When the independent direct brakeis actuated at the same time as the dynamic brake, the adhesipn demand
shall be in pccordance with 5.6.-The requirement shall be met by an adequate reduction of the braking force
of the dyngmic brake.

The indepgndent directbrake shall be controllable in any case, even if a traction force is active.

4.6 Wheel slide*protection

If the WSP|system is active in emergency braking, the train management system shall be infornlled for any
WSP failures:

Rail vehicles with wheels having a nominal new diameter equal to or greater than 840 mm shall be equipped
with a wheel slide protection system active in both emergency braking and service braking as set out in
Table 1 and Table 2.

NOTE1 Regional conditions which do not result in low values of wheel/rail adhesion can justify alternative limits
in Table 1 and Table 2.

2) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?2
© IS0 2024 - All rights reserved
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Table 1 — Application of WSP for locomotives and passenger vehicles

Tread brake units with all
types of blocks except com-
posite blocks

Range of speed Wheelset brake Maximum demanded wheel/rail adhesion
v equipment -
km/h 7<0,11 0,11<7t<0,12 7>0,12
v>150 All wheel/rail adhesu_)n de- WSP mandatory WSP mandatory
pendent brake units
Disc brake units WSP recommended WSP mandatory
Wheel/rail adh_e51on WSP recommended WSP mandatory WSP mandatory
<150 dependent dynamic brake

vs

Disc brake unit(s) plus tread

hralke unitlq) IALGD. ._- 1 IALGD. 3.1
J vvol UpLIUlldl vvol TTUUILIIIITIIUTU
Tread brake units
Table 2 — Application of WSP for freight vehicles
Range ofspeed Wheelset brake Maximum demanded wheel/rdil adhesion
v equipment -
km/h t<0,11 0,11.<7<0,12 Tp 0,12
All wheel/rail adhesion
v>120 dependent brakes acting on | WSP recommended WSP mandatory
the wheel
Disc brakes units WSP optional WSP mandatory
Tread brake units with com- WSP optional WSP mandatory
posite blocks
Discs brake unit(s) plus tread
brake unit(s) with composite WSP-optional WSP mandatory WSP rhandatory
blocks
v=120 Discs brake unit(s) plus tread
brake unit(s) with all types
of blocks except composite
blocks WSP optional WSP optional

The use of pdhesion 7 shall beldetermined in accordance with 5.6.

Independent dynamic braking force shall be taken into account when determining demanded|wheel/rail

adhesion.

In the casg of rail vehicles that are capable of running alone, there shall be a means of ensuring that a fault
in the WSH (e.g.teference speed higher than true train speed) does not result in a continuous release of the
brakes on the entire vehicle. There is no need for two independent WSP systems on a single vehicle on which

- ¥2n cucknn

cannat

hoinflhioancn

dha+ha IAWICD

thereis a
NOTE 2
NOTE 3
NOTE 4
NOTE 5

NOTE 6
7>0,11, EN 14198

applies.
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In Europe, additional requirements are defined in EN 15595.
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4.7 Enhancement of wheel/rail adhesion

Vehicles/units can be fitted with a means to compensate for insufficient wheel/rail adhesion during braking.
Any system for enhancement of wheel/rail adhesion shall be based upon the application of a suitable
substance, for example, sand, to the wheel/rail interface when the level of adhesion available at this interface
is less than the level of adhesion demanded by the brake and it shall be available at all times during braking.

This system may also be used as an aid to reduce wheel slip in traction mode - however, its use in traction mode
shall be limited in such a way that its availability for use during emergency braking is ensured at all times.

It shall be possible to deposit the substance used in an effective, reliable and repeatable manner in all train
operating conditions during service and emergency braking. Equipment heating and ventilating devices,

etc., may be incorporated into the low adhesion compensation system, if required.

The followjing shall be considered when selecting the substance to be used to compensate for<nsufficient
wheel/railfadhesion and the equipment used to deposit the substance at the wheel/rail intetface:

— the effpct on wheel wear;

— the effpct on rail wear;

— possibje detrimental effects on train detection systems;

— the effpct on adhesion.

The driver|can be provided with a manual control for use at the drivér's discretion.

A means shall be provided for testing the correct function of the-wheel/rail adhesion compensatjion system
during train maintenance, including a means for checking that the rate and consistency of deposjition of the
substance jused is within acceptable limits and that speedcand other vehicle system interlocks|(e.g. WSP)
are active.

It shall be [possible to check the quantity of the substance used for compensating low levels of|wheel/rail
adhesion both locally at all storage positions onsthe train and remotely from the active driver’s cab as an
option. Thjs option should also provide an audible or visual warning to the driver in the event that the
quantity falls below the minimum level presctibed for normal train operation.

If the substance used for compensatingdow levels of wheel/rail adhesion is sand, the use of sanders and the
amount of pand shall be in line with theirequirements of the infrastructure.

Automatic|sanding during emergency brake application is permitted for a speed higher than ¢r equal to
15 km/h wihen WSP activity is:detected.

4.8 Conlpatibility fer.rescue purposes

It shall be possiblefollowing a failure during operation, for a train to be able to be rescued when it has no
energy avajilable 6n*board by a recovery locomotive or multiple unit.

It is permittéd to rely on low voltage provided by a battery to supply control circuits on the rescued train.
The batteryshattbeabte tosupply the brake systenramndtheimterface device of the Tescuedunit. When

available on the rescuing unit, the rescued train should be able to use the power supply of the rescuing unit.

The rescue

d train shall be capable of responding to a trainwide emergency brake command.

When the intended rescuing speed is above a defined speed, the rescued train shall also be capable of
responding to a trainwide service brake command with at least five levels of increasing service brake
application (including brakes released and full service brake application).

NOTE
typical max

imum permitted shunting speed.

© IS0 2024 - All rights reserved
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5 Calculation requirements

5.1 General aspects

The required braking performance of a rail vehicle/unit/train depends on the intended service. The
braking performance can be specified in terms of decelerations, distances, braking ratio and braked weight
percentage (A) values.

NOTE1 InEurope, EN 16834 or EN 13452 is used to assess the nominal braking performance.
NOTE 2 For Japan, see Annex C.

The braking performance required with wheel/rail adhesion dependent brakes shall be designed not to
exceed thel[nominal wheel/rail adhesion limits (see also 5.6).

If adhesior} independent brakes are used, the effort generated by these brakes shall be jnaddition to the
effort gengrated by the adhesion dependent brakes. The maximum overall average retardation shall not
exceed the|limitation based on the longitudinal resistance of the track.

NOTE 3  In Europe, the general limitation value is 2,5 m/s2. Higher retardation values bétween 2,8 m/st and 5 m/s?
are permitted in the EN 13452 series for urban rail trains.

In normal jnode and for the same operating conditions when starting at the same initial speed, the stopping
distance fqr an emergency brake application at train level shall not be longer than that related| to the full
service brgke.

NOTE4  Thisis notvalid in degraded modes.
5.2 Performance calculation

5.2.1 General

The emergency braking performance of each rail‘vehicle/unit/train shall be calculated in accorflance with
ISO 20138 keries.

The calculation of the deceleration when.applying the full service brake shall be performed in accordance
with ISO 20138 series with at least the.following conditions:

— brake system in normal modef
— nominpl value of the frictiescoefficients used by friction brake equipment;

— load cendition “designmass under normal payload” or “operational mass under normal payload” in
accordance with [S@10516;

— design/maximuin speed.

5.2.2 Calculations for degraded mode

The calculation of the braking performance for the degraded mode shall be done considering the single
failure leading to the greatest loss of train braking force (see 4.2).

5.3 Relevant load conditions

The design of the brake system shall enable the rail vehicle/unit/train to meet the braking performance
requirements throughout the full range of expected load conditions in operation.

For the definitions of load conditions, refer to ISO 10516.

NOTE In Europe, the load conditions are defined in EN 15663.

© IS0 2024 - All rights reserved
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The payload for standing areas in passenger vehicles shall be expressed in kg/m2. For trains which do not
permit standing passengers, for braking purposes a payload of 0 kg/m? in the standing area shall be used.

5.4 Service braking

The minimum possible service brake application shall provide the driver a clear difference between coasting
(released brake status) and the deceleration from the smallest possible brake demand, excluding effects of
running resistance. Further increases in brake demand shall increase the retardation in proportion to the
increasing demand.

Service braking shall not generate unacceptable longitudinal forces or wear or damage in the wheel/rail

contact.

During the|

a maximun

NOTE 1
permitted.

NOTE 2
force dema
emergency

NOTE3 1
for locomot

5.5 The

5.5.1 Ge|

The therm

stoppi

5.5.2 Co

The therm

— two consecutive emetgency brake applications from maximum speed at maximum braking I
track

If the rail ¥
emergency

I

I

structy

service

a most

transition from a full service brake application to an emergency brake application on
n reduction of deceleration and its maximum duration shall be defined.

Europe for Locomotives: During the transition from a full service brake application and addi
ded by an independent control command, separate from the regular train wide control com
brake application a maximum reduction of deceleration of 0,2 m/s? is permianently permitted.

ves in passenger service.
'mal capacity

neral

h] capacity of the brake system shall be evaluated taking into account the following pr
iral integrity of the brake components;

hg distance extension;

e life/durability.

nditions

hl brake capacity shall permit both:

vith fully functional brake installation (normal mode), and
challenging duty cycle (see 5.5.5) at maximum braking load (normal and degraded mg

rehicle is equipped with additional brake system(s) and/or dynamic brakes incorpor

level track,

[n Europe, the maximum reduction of deceleration of 0,2 m/s? for a maximum duration of ope second is

tional brake
mand to an

[n US, the maximum reduction of deceleration of 0,2 m/s2 for a maximum duration of one second is applied

bperties:

ad on level

de).

ated in the

braki ng pprfnrmn nce either:

— the brake system shall be designed to also withstand a single emergency brake application without both
the additional brake unit(s) and the dynamic brake at maximum braking mass on level track or

— the additional and/or dynamic brake unit(s) shall have the same safety integrity as the friction brake.

NOTE 1

NOTE 2

More than one normal mode is possible.

thermal capacity of the brake system.

A duty cycle can be, for example:

— operat

ing with defined speeds on a representative route profile, or
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15

The equivalent rotating mass is considered in addition to the maximum braking load when assessing the


https://standardsiso.com/api/?name=6ac86954db9d88643bad63526a59e1fe

— operat

ISO 24221:2024(en)

ing on a representative gradient by maintaining a defined speed.

Maintaining the speed on a gradient can be achieved by use of service brake application or the independent
dynamic braking only, if fitted (see 4.5.2).

The assum

NOTE 3

ptions and results shall be declared.

In Europe, arepresentative gradient for vehicles operating at 250 km/h or greater is defined in Commission

Regulation (EU) No 1302/2014, 4.2.4.5.4, (5)[20. Further suggested representative gradient are described in
Commission Regulation (EU) No 1302/2014, 4.2.4.5.4, (4) and Commission Regulation (EU) No 321/2013, 4.2.4.3.3[21],

NOTE 4

5.5.3 Stx

The brake

without endangering their structural integrity.

5.5.4  Stq

The exteng
stated to e
for exampl

If the tota
infrastruct

The time

own traction performance without additional waiting timé>The maximum acceleration is gi

specificati

Verificatio
or a dynan

5.5.5 Du
The evalua
The duty ¢
— theno
the mg
the mg

gradie

the dig

For Japan, see Annex C.

L i of the bral

components shall be sized to withstand the occurring temperatures and mechanid

)pping distance extension

ion of the stopping distances resulting from the second emergencybrake applicati
valuate the fading behaviour of the brake pads or brake blocks. The extension may b
e, an absolute value or a percentage value.

stopping distance, or the extension of the stopping distance, is more than permit
ure, adapted operational conditions in terms of speeds or’times shall be defined.

interval between the two emergency brake applications shall take into account

bn. For not self-propelled vehicles, the acceleration shall be 0,5 m/s2.

h of the stopping distance extension shall be.performed. It can be done for example by 4
ometer test or simulation.

ty cycle

Lion of the most challenging duty cycle shall be done either by using a simulation or an o
ycle is the most challenging/route profile taking into account

‘mal mode,

ximum track-specific speed,

ximum speed of the vehicle,

hts and:waiting times,

tance of stopping and passing points,

al stresses

bn shall be
b stated as,

ted by the

the unit’s
ven by the

hn on-track

-track test.

For degrad
NOTE 1
NOTE 2

NOTE 3

project-specific maximum acceleration,
the deceleration with a fully established brake, and

the maximum ambient temperature.

ed mode, the same route profile is used considering any necessary speed restrictions.

Normal mode can consider the dynamic brake.

For coaches in general operation, the acceleration is usually 0,5 m/s2.

related to the characteristic of the full service brake application but not higher than 0,75 m/s2.
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NOTE4 In Europe, the value for maximum ambient temperature is defined in EN 50215, CEN/TR 16251 and
EN 50125-1.

The thermal capacity of the brake system shall permit a single emergency brake application, when applied
at any point on the specified route profile with a stopping distance extension less than permitted by the
infrastructure.

The thermal capacity of the brake system shall be verified for the most critical point of the route profile.

The identification of the most critical point of the route profile with the relevant starting temperature is the
result of the duty cycle taking into account with dynamic brake available.

The duty cycle and route profile will be used to establish the brake temperature before and after the
emergency-hrake application which shall he compared with the maximum tolerahle ftempera o,

The result|will be the starting temperature for the emergency brake and the resulting one‘which shall be
compared With the tolerable maximum temperature. If not all brake systems are in force (failure or degraded
mode), opérational restrictions shall be derived on the basis of acceptable and tolefable tenjperatures.
Additional|evaluations can be required to verify these restrictions.

NOTE5  Additional requirements can be necessary for operation on routes with-sigrificant gradignts steeper
than 40 %o.

5.6 Wheel/rail adhesion

The design of the brake system (including any dynamic brake systéms) of a rail vehicle/unit shall not
assume wheel/rail adhesion that leads to a sliding of the wheelsets.or the wheels during a brake application
in nominal|conditions for all relevant load conditions as defined.in 5.3.

The demarlded wheel/rail adhesion shall be determined for.each wheelset or wheel using the smdllest wheel
diameter for the relevant load cases permitted in operation.

NOTE1 Kor Europe, common values for wheel/rail adhésion are described in Annex B.

NOTE 2  The determination of an appropriate level of assumed wheel/rail adhesion is beyond the sfope of this
document.

NOTE 3  Kor calculation of wheel/rail adhesion, see also ISO 20138 series.

5.7 Parking brake

The design| calculation shall bein accordance with 1ISO 20138-1.
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Annex A
(informative)

Automatic air brake system

A.1 Automatic air brake system according to UIC principles

One of the most used brake systems in the world is the automatic air brake system according to the UIC

principles.
Possible af

in Eur

in Chiy

in Japa

A.2 Prix

The trainw
working pr

The trainy
freight tral

A.3 Bra

The pneumatic trainwide brake control device is capable of maintaining the normal working p

compensat]
(suchas tr

NOTE1 |
(Japan) or (

The servic
value, whi
pressure d

NOTE2 |

foras,

[n the release condition, theynormal working pressure is set to (5 * 0,05) bar (Europe) or (4

plications are described in the following standards:
ppe: EN 14198;

ja: TB/T2951.1, TB/T2951.2;

n: JRISR 1613.

Icipals of pneumatic systems using brake pipe eontrol

ide brake control signal is achieved by varying the pressure in the brake pipe below
essure.

fide brake control line may also be used as trainwide energy supply line, for exar
ns.

ke pipe pressure control device

ing for small system leakages-but is not capable of overcoming an automatic brake
ggered by an unattended train separation or by a decentralized device).

b + 0,1) bar (China) or (6*0,1) bar (China).

e brake application*is controlled by partially venting the brake pipe pressure down t
Ch is associatéd)with the full service brake application. A further reduction of the
pes not increase the service brake application.

ull service’brake application command from the active cab is initiated

) bar'system, by a reduction of:

the normal

nple, along

ressure by
hpplication

9 + 0,1) bar

b a defined
brake pipe

— 1,6;;0'2 bar (Europe);

— @

5+ 0,1) bar (China);

for a 4,9 bar system, by a reduction of: (2,0 + 0,2) bar (Japan);

for a 6 bar system, by a reduction of: 1,7 bar to 1,9 bar (China).

An emergency brake application is initiated by a greater and more rapid reduction of brake pipe pressure than for the
service brake application.
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