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reword

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
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
exp
Wo
UR]

Thi
Ali

Any
cony

©IS

procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

5 document was prepared by Technical Committee ISO/TC 269, Railway applications.
5t of all parts in the ISO 20138 series cafibe found on the ISO website.

feedback or questions on this docuiment should be directed to the user’s national standa
plete listing of these bodies can'be found at www.iso.org/members.html.

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
nce to the
e following

rds body. A

02018 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=e88f837cdb693dce1c1c226c7e4e6ec7

ISO 20138-1:2018(E)

Introduction

This document describes methodologies for calculation of braking performance, such as stopping
distance, deceleration, power and energy for railway rolling stock. The calculations can be used at
any stage of the assessment process (design, manufacture, testing, verification, investigation, etc.) of
railway rolling stock.

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

This docufmer pubtished 1T DATAte Dar SO—20138~ nd 1SO—20138-27 Wt will

complement each other and can be used separately, depending on the requirements of the user.

The first part of the standard describes a common calculation method for railway applications applicgble
to all countries. It describes the general algorithms/formulae using mean value inputs to perfprm
calculations of brake equipment and braking performance, in terms of stopping and sleywing distarces
and safety|for parking brake, for all types of trainsets and single vehicles. In addition, the algorithms
provide a theans of comparing the results of other braking performance calculationsmethods.

The second part of the standard details the step by step calculation methodolegy utilizing instantandous
values of Hrake force provided by each operational brake equipment type. throughout the stopping/
slowing time.

The two sd¢parate parts of the standard relate to each other but can be used separately, depending on
the requirg¢ments of the user.

vi © ISO 2018 - All rights reserved
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Railway applications — Calculation of braking
performance (stopping, slowing and stationary braking) —

Part 1:
General algorithms utilizing mean value calculation

1 (Scope

This document specifies methodologies for calculation of braking performance for railway r¢lling stock
and|is applicable to all countries.

Thif document describes the general algorithms/formulae using meafi 'value inputs fo perform
calqulations of brake equipment and braking performance in terms 6f)stopping/slowing| distances,
staffionary braking, power and energy for all types of rolling stock;'either as single vehicles or train
formations, with respect to the braking distance.

The calculations can be used at any stage of the assessment process (design, manufactufe, testing,
ver{fication, investigation, etc.) of railway rolling stock. This document does not set out the specific
accgptance criteria (pass/fail).

Thig document is not intended to be used as a desiginguide for selection of brake systemfs and does
not|specify performance requirements. This docunient does not provide a method to calculate the
exteénsion of stopping distances when the level of-available adhesion is exceeded (wheel slidg activity).

Thif document contains examples of the caleulation of brake forces for different brake equipment types
and| calculation of stopping distance and stationary braking relevant to a single vehicle or a frain.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
congtitutes requirements of‘this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

1SO[ 20138-2Y), Railway applications — Calculation of braking performance (stopping, slowing and
statjionary braking)— Part 2: General algorithms utilizing step by step calculation
3 |Ternisand definitions

For|theypurposes of this document, the following terms and definitions apply.

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

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

— IEC Electropedia: available at https://www.electropedia.org/

31
train
operational formation consisting of one or more units

1) Under preparation. Stage at the time of publication: ISO/DIS 20138-2:2018.
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3.2
trainset

fixed formation unit that can operate as a train

3.3
unit

element of the train formation which can be composed of one or several vehicle(s)

3.4
vehicle

individual element of a unit

EXAMPLE
3.5

Locomotive, coach, wagon, driving coach.

retention force

force, whidh is greater or equal than the sum of external forces and downhill force dueto-gravity

3.6

brake forde

retarding|(force
forces gengrated by a brake equipment type or external forces

Note 1 to eIry: The dynamic mass (sum of static and rotating masses) is braked by brake forces.

Note2toe

Note 3 to enftry: In some cases (e.g. magnetic track brake), the brakeforce is equal to the retarding force. In o
cases, a diffprentiation in brake force and retarding force is needed, e.g. calculation of required adhesion.

4 Symbols

ry: Retarding forces are stopping or decelerating a vehicleor unit.

For the puiposes of this document, the general'symbols given in Table 1 apply.

Table 1 — Symbols

ther

Symbd|l Definition Unit
Ap Contact area per brake block m?2
Ac Brake cylinderatea m?2
Ap Contact areaper brake pad m?2
a Definedlevel for the minimum output signal (typically 10 % or 5 %) %
Qe Equivalent deceleration m/s?
Qe grad Equivalent deceleration including the effect of gradient and inertia m/s?2
{e,grad_simpje Equivalent deceleration neglecting inertia m2
e,z Equivalentdeceleration acting during speed range z m/cZ
a Angle of slope °
b Defined level for the maximum output signal (typically 95 % or 90 %) %
C1 Characteristic coefficient of the train independent of speed N
C Characteristic coefficient of the train proportional to the speed N/(m/s)
C3 Characteristic coefficient of aerodynamic resistance due to pressure drag N/(m/s)?

and skin friction drag

D Wheel diameter m
F Force N
Famg Attraction force of one magnet N

a  baror kPais also allowed; 1 bar = 105 Pa.
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Table 1 (continued)

Symbol Definition Unit
FaMg,st Attraction force of one permanent magnet N
Fp Contribution of the friction brake N
Fgq Blended retarding force N
FBED Retarding force of electro-dynamic brake N
Fagp Mean retarding force of electro-dynamic brake N
FBED,max Maximum retarding force of electro-dynamic brake N
FeHR Retarding force of fluid retarder N
Fark Mean retarding force of fluid retarder N
FBHR, max Maximum retarding force of fluid retarder N
ﬁB’ Mean braking force of brake equipment type n N
FB ind Adhesion independent (not related to the wheel to rail contact) force, e.g. N

force of permanent magnetic track brake
FB jnd,z Adhesion independent (not related to the wheel to rail contdet) retarding N
force per type of equipment
FB jt Total stationary brake force acting at the rail N
FB hx,st Stationary brake force acting on that wheelset N
FBii Adhesion dependent (related to the wheel to rail contact) retarding force N
generated by applied parking brake (i is an‘index used for sorting wheelsets)
FBfreq Adhesion dependent (related to the wheelto rail contact) retarding force N
FB [ req,rem Remaining force of the mass to be held N
Fy Brake block force N
Fp 4t Parking brake force acting on(the tread of the wheel from a single parking N
brake unit
Fb,§x Single brake block foree N
Fp ix,st Static single brake block force N
Fp ot Total force actingon all disc faces or total brake block force N
Fb{ot,st Total static foyce acting on all disc faces or total static brake block force N
Ferln Crank handle or hand wheel force N
F¢ Internal’cylinder force N
Fal Clamping force N
Fo b Brake calliper clamping force N
Fp Downbhill force due to gravity N
Fa 4x Proportion of downhill force to be resisted per wheelset with applied N
parking brakes
p_'e " Mean external force N
Fext External forces (e.g. wind force) N
Fg Output force of parking brake mechanism N
Fg Weight N
Fg ax Static axle load N
Fy Retention force N
FMg,st Parking brake force of one permanent magnet N
FMg, st tot Total parking brake force of all permanent magnets in a vehicle N

a  baror kPais also allowed; 1 bar = 105 Pa.
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Table 1 (continued)

Symbol Definition Unit
FN Static axle load perpendicular to the rail per wheelset with applied park- N
ing brake
FN ax Static axle load perpendicular to the rail per wheelset with applied parking N
brake for a specific wheelset
FN,i Static axle load perpendicular to the rail per wheelset with applied parking N
brake (i is an index used for sorting wheelsets)
FN rem Remaining static axle load perpendicular to the rail N
FpB Total parking brake force acting at the rail N
FpR,ax Parking brake force per wheelset acting at the rail N
Fperp Perpendicular force N
Fperp,ax Perpendicular force at wheelset N
Fp Piston force N
Fpad Force acting on single disc surface N
Fpad,n Force acting on single disc surface N
Fpull Force on application point bogie N
Fpull,st Static force on application point bogie N
FRra Retarding force by train resistance N
fRa Mean retarding force by train resistance N
FRa,st Stationary train resistance force N
Fy Instantaneous retarding force acting at the rail generated by the brake N
equipment
}?'r Mean retarding force acting at the rail generated by the brake equipment N
FrECB Instantaneous retarding force of linear eddy current brake N
frECB Mean retarding force of linear'eddy current brake N
FrECB,max Maximum retarding force of linear eddy current brake N
Frmg Retarding force of oneamagnet N
FrMg tot Total retarding forcde of all magnets in a vehicle N
_m Mean retarding farce of brake equipment type n N
Fsp Parking brake spring force N
Fsc Restoringforce of brake unit or spring applied force N
Fsr Restaring force, e.g. slack adjuster N
Fst Stationary brake force of the train N
Fst ax Transmittable stationary brake force acting on that wheelset N
Fstn Stationary brake force acting on the wheelset of each N
immobilization/holding/parking brake, n
Fsrig Restoring force N
Fy Tangential force N
Fwind Wind force on the train N
g Standard acceleration due to gravity m/s2
1Cbl Cable efficiency —
Ne Internal efficiency of brake unit —
nG Gear efficiency —
nR Overall efficiency of brake rigging —
a  bar or kPais also allowed; 1 bar = 105 Pa.
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Table 1 (continued)

Symbol Definition Unit
1R, st Overall static efficiency of brake rigging —
Nrig Efficiency of brake rigging/calliper —
Nrig,st Static efficiency of calliper —
I Current A
i Gradient of the track (positive rising/negative falling) —
ichl Cable mechanical ratio —
ic Internal rigging ratio of brake unit O
iG Gear ratio (--\'\V —
imak Maximum achievable gradient N l/v —
Imak,roll Maximum achievable gradient for rolling oY N —
Imak,slide Maximum achievable gradient for sliding Ar\‘bv —
Irig Rigging ratio q>) —
Iriglax,n Lever ratio per brake beam ~\ ' —
Iriglc Calliper lever ratio (parking brake) g(\vJ —
Irigln Calliper lever ratio o (o) —
Is,rifg Rigging ratio for restoring force /\O\ —
J Inertia \\\< kg-m?2
ko, k2 Coefficient (provided by the supplier) s\\}‘ —
kq Coefficient (provided by the supplier) X\O@ s/m
k14 k2y Factor describing an active or passi&@ﬁf‘ake cylinder —
L I Main brake lever length ;\\Q) m
La,n| Ib,n Calliper lever length xO m
le Main brake lever length @)‘h-rlzing brake) m
Ie, Iy Bogie lever length C)\\v m
M Mass to be held o{\the vehicle/unit/train kg
mdyn Dynamic masﬂv‘ kg
Mgt Equivalent ‘szltcing mass kg
Mrdt,ax Equi\{@-t)rotating mass of the braked wheelset
Mgy St/a\'@;ass kg
Msd ax @}ﬁc mass per wheelset kg
UM /\V"R/Iean friction coefficient of magnet (pole shoe) —
UMg,st ~$V Static friction coefficient of permanent magnet (pole shoe) —
Um ,&Y“ Mean friction coefficient of brake block/brake pad —
Ust @) Static friction coefficient of brake block/brake pad —
N Number of brake equipment types —
NPB,ax Number of wheelsets with applied parking brake —
NBeam Number of brake beams —
npw Number of braked wheelsets —
Ndisc Number of brake discs —
Nface Number of disc faces —
nMmg Number of magnets in a vehicle —
nsp Number of spring brake units —
ni, n Value of power in speed range above v¢hy normally obtained from supplier —
a  baror kPais also allowed; 1 bar = 105 Pa.
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Table 1 (continued)

Symbol Definition Unit
Pmax,n Maximum power of brake equipment type n w
p Pressure N/m?2
Dab Specific pressure per brake block N/m?2
Pap Specific pressure per brake pad N/m?2
Pc Brake cylinder pressure Paa
'm Mean swept radius of the brake pad on the disc face
SH Retention safety —On
SR Safety against rolling (-V'\V
Sst Safety ratio for stationary brake ]/:
Stslide Safety against sliding by —
s Stopping/slowing distance Ar\‘f)v m
SB,n Distance travelled while the brake equipment type n is applied q>) m
Sgrad Stopping/slowing distance on a gradient ~\ ' m
S0 Equivalent free running distance k\VJ m
t Time o o) S
ta Initial delay (dead time) AO\ S
tan Initial delay (dead time) for a specific brake equipmex{t\xpe n S
tab Build-up time ‘\0\ s
tab,n Build-up time for a specific brake equipment Q@@l S
th Overall response time (t; + tap) \$ N S
te Equivalent response time \‘\\@ S
te,n Equivalent response time for a specifiobrake equipment type n S
— Value of the mean adhesion requij between wheel/rail for the braked —
Tax wheelsets AN
= Temporary value of the mear}\éﬁhesion required between wheel/rail for the —

ol braked wheelset used during iteration step i
T, Available adhesion C)&) ) —
T Coefficient of a @fon required to resist the downhill and external forces by —
reastax each braked x Iset
Threqax Coefficiet@‘@iahesion required to resist the downhill force by each braked —
e wheelsgp>
T M@r‘n permitted or available static wheel/rail adhesion -
Treqax @ﬁcient of adhesion required by each braked wheelset _
Treqmasax Maximumrequired-adhesion by each braked wheelset —
1% Speed m/s
Vcha Characteristic speed (corresponding to maximum retarding force) m/s
Vfin Final speed m/s
Vmax Maximum speed m/s
Vo Initial speed m/s
V1. V4 Particular speeds m/s
Vo,Mg Activating speed of magnetic track brake m/s
V1,Mg Deactivating speed of magnetic track brake m/s
a  bar or kPais also allowed; 1 bar = 105 Pa.
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Table 1 (continued)
Symbol Definition Unit
Wpg Energy dissipated by the brake systems |
Wgn Energy dissipated by brake equipment type n |
WRa Energy dissipated by the train resistance ]
Whot Total energy ]
Y Percentage of output signal —
z Speed range step number —
Z Number of speed ranges —

a |bar or kPais also allowed; 1 bar = 105 Pa.

5 |Stopping and slowing distances calculation

5.1 General

A spmmary of the methodology to establish the braking forces acting on the train is pilesented in

Figlire A.1.

Theg algorithms in this document use mean values and are applicable when the response f{

ime is less

thah 20 % of the time with the maximum braking force. Fof reSponse times with a greater percentage
(e.gl braking from low initial speeds) or where instantaneous values and algorithms are ysed or the

finite time steps are preferred, ISO 20138-2 shall be used.

Thg mean value calculation is not intended to be used for an extreme value estimation or vafiation, e.g.
mirfimum/maximum friction coefficient of friction‘couple. The input values for the calculati¢n are used

without tolerances.
The retarding forces expressed in this document are those acting parallel to the rail.

The brake system design parametens necessary to conduct the calculation shall be defined at

the level of

the[wheelset, bogie, vehicle, unit or train. For the purpose of this document, the general terpn "vehicle"

is uped.

Calgulations shall be performed for each brake equipment type (e.g. disc brakes, tread brakgs, electro-

dynamic brakes). All of the various types of brake equipment applied to the wheelset, bog
unit or train shall be identified and accounted for in the calculation.

When the brakeequipment fitted to the train is used under different circumstances, e.g. loag
speed range, brake demand, etc., each condition or state of the brake shall be considered tog
the[resultant effect on braking force.

Thip clause identifies how to calculate the braking force generated by each brake equip
reldtedrto the retardation force at the rail. In general, calculations of stopping and slowing di
based on the assumption of straight and level track.

Annex C provides examples for brake calculations of different vehicles and units.

ie, vehicle,

condition,
ether with

ment type
btances are

The following subclauses consider the braking force generated by common brake equipment types. If

other brake equipment types are used, e.g. new or novel types, then alternative methods
force calculation should be adopted.

Figure 1 gives a general overview of brake equipment types.

© ISO 2018 - All rights reserved
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Retarding forces acting on the unit
I | ]
Adhesion dependent Adhesion independent

(wheel to rail) (not related to wheel to rail contact)
[ | ] [ l |
| Friction brake | Dynamic brake Track brake | Other
equipment types equipment types equipment types forces
Treartbral Electro-dynamic Magnetic track o -
I DI dRC brake brake ITdIIT TTSISUAIIU
Treafl brake unit Fluid retarder Linear eddy | |Aerodynamic
current brake brake
Disc brake Transmission Linear induction Downhill force
retarder motor brake () |gravit (gradient
Rotating eddy
current brake

Figure 1 — General overview of retarding forces acting on the unit

5.2 Vehicle characteristics

5.2.1 Static mass, mg;

The static mass, mst, of the vehicle and/or the statie’mass of a wheelset, mst,ax, is assessed in statiorfary
condition and shall be used to establish the-braking force required or the adhesion requirements
respectively for each applicable operating condition.

When therp are different static masses‘per wheelset, mst ax, due to different vehicle arrangements,|the
braking force shall be calculated for@ach wheelset.

5.2.2 Equivalent rotating mass, m

The equivdlent rotating mass, myot is the linear conversion of the moment of inertia due to
— the rofation of the-wheelsets, and
— the roflating parts coupled to the wheelsets during braking.

The equivilent'r
result of te

otating mass shall be determined using a theoretical approach or established as a

A value of equivalent rotating mass can be identified as a percentage of the static mass.

When there are different rotating masses, e.g. a mix of trailer and driven wheelsets, the rotating mass
shall be determined for each type of wheelset.

For those wheelsets, if an inertia value, J, due to the rotating masses is known, the equivalent rotating
mass using inertia is calculated in accordance with Formula (1):

Myt =L &)

rot —
DZ

8 © ISO 2018 - All rights reserved
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where
Mot is the equivalent rotating mass, expressed in kg;
] is the inertia, expressed in kg-m?;
D is the wheel diameter, expressed in m.
NOTE The wheel diameter used for calculation of rotating masses is normally the maximum wheel diameter.

5.2]3 Dynamic mass, mgyn

For|the purpose of the calculation being conducted, the dynamic mass is the sum of the gtatic mass
and| the equivalent rotating mass for the entity being considered, e.g. wheelsets)bogie, vehicle, etc., in
accprdance with Formula (2):

Myyn =Mge + Mgy (2)
whére

Mdyn is the dynamic mass, expressed in kg;

Mgt is the static mass, expressed in kg;

Mot is the equivalent rotating mass, expressed in kg.

5.2/4 Wheel diameter
Thg wheel diameter, D, is the diameter at the’rolling contact point between the wheel and thg rail.

When the vehicle is equipped with different sizes of wheels (by design not due to wear), dach size of
wheel shall be determined.

NOTE1 The wheel diameter used for calculation of stopping and slowing distances is normally the maximum
whdel diameter.

NOTE 2  The wheel diameter used to determine the required adhesion, 7 is normally the minjmum wheel

reg,ax ’
diarpeter.

5.3| Adhesion‘wheel/rail dependent brake equipment type characteristics

5.3/1 _Basic brake cylinder

Thik i i i indler.

The first step is the calculation of the internal cylinder force, F. [see Formula (3)].

Efficiency, ratios, friction resistances and moduli of resilience, etc. are not considered in the formula of
calculation of the cylinder force.

Figure 2 — Basic principle of a pressure applied cylinder

© ISO 2018 - All rights reserved 9
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Fo=p.-Ac (3)
where

Dec is the brake cylinder pressure, expressed in Pa;

Ac is the brake cylinder area, expressed in m2;

F. is the internal cylinder force, expressed in N.

Two types [of brake cylinder exist: active version and passIve version. The active version uses the brjake
cylinder prjessure to generate the piston force. The passive version uses the spring force to generate|the
piston forcg (see Figure 3).

FS,C FS,C

B

Pe A Ic M Pe Ac I e

Figure 3 — Basic principle of an active (left) and passive (right) cylinder

The seconfl step is the calculation of piston force, Fp, based on ‘the internal brake cylinder fgrce

considering the mechanical efficiency and internal rigging ratig.of brake unit. Formula (4) enables|the
calculation of the piston force for active and passive cylinders:

Fp=k1y |pc-Ac e ic|+k2y -|Fsc| (4)
where

Fp is the piston force, expressedin'N;

Dc is the brake cylinder pressure, expressed in Pa;

Ac is the brake cylinderfapea, expressed in m2;

n. is the internal efficiency of brake unit;

ic is the internal rigging ratio of brake unit;

Fsc is thekestoring force of brake unit or spring applied force, expressed in N.

Table 2 — Factors kly and k2y for active and passive brake cylinder

Active cylinder Passive cylinder
(pressure-applied brake) (spring-applied brake)
kly 1 -1
k2y -1 1

For simplification, a general brake cylinder, shown in Figure 4, is used throughout this document

instead of active and passive cylinder.

Figure 4 — Illustration of general brake cylinder

10 © ISO 2018 - All rights reserved
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5.3.2 Tread brake

The brake cylinder piston force is transferred to the brake blocks, taking into account the specific
mechanical rigging ratios, efficiencies of brake rigging and counter forces. The brake block force for an
arrangement as shown in Figure 5 is calculated as set out in Formula (6).

R

A
. A

Pe Ac, Fo, i, e

% Fpull
?— —_—— —_— \o

i.
/ / \ \ Id rig, ax, n

/ fim, Ay, Fb, ax

Figure 5 — Typical clasp tread brake arrangement

The theoretical maximum of the force jon application point bogie, Fpyl, is calculated as|set out in

Formula (5):
Fpull:FP'irig_FS,R (5)

Asspming the bogie is fitted with brake beams, the theoretical maximum of the force acting|on a single
blo¢k, Fp,ax, is calculated as'set out in Formula (6):

1

Fy ax :E'Fpull 'irig,ax,n (6)

whére

Table 3 — Formulae for single-sided and double-sided brake block arrangemelnt

Brake block arrangement

Double-sided
Single-sided
(clasp brake)
. lei+1g, . I
] Irigaxn = '1 ; (7) Irigaxn :l_' (8)
Irig,ax,n d,i d,i
see Figure 6 see Figure 5

NOTE1 Due to the brake beam, there are two brake blocks per wheelset. Therefore, the multiplier % in
Formula (6) is used to calculate the single brake block force, Fp,ax,. For Figure 5, four brake beams per bogie
means eight brake blocks per bogie. For Figure 6, two brake beams per bogie means four brake blocks per bogie.

© ISO 2018 - All rights reserved 11
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The total brake block force is calculated as set out in Formula (9):
Fb,tot = ZFb,ax ‘MR 9)

NOTE 2  The overall efficiency of brake rigging, 1y, covers all particular efficiencies of the components and
the rigging.

The theoretical maximum of the specific pressure per brake block is calculated as set outin Formula (10):

Pab = F;’ZX 10)
where

Fpul is the force on application point bogie, expressed in N;

Fp,ax is the single brake block force, expressed in N;

Fb tot is the total brake block force, expressed in N;

Fp is the piston force [see Formula (4)], expressed in N;

Irig is the rigging ratio;

Irig,ax, is the lever ratio per brake beam;

L, Iy is the main brake lever length, expressed.inm;

I, Iq is the bogie lever length, expressed. insm;

Fsr is the restoring force, e.g. slack adjuster, expressed in N;

Mk is the overall efficiency of brake rigging;

Dab is the specific pressure per brake block, expressed in N/m?2;

Ap is the contact area'per brake block, expressed in m2.
The mean tetarding force acting-at the rail depends on the friction coefficient of the brake block arld is
independent of the wheel diame€ter as set out in Formula (11):

Fy =Filiot *Hm 11)
where

F is the mean retarding force acting at the rail generated by the brake equipment,

r expressed in N;
Fb tot is the total brake block force, expressed in N;
U, is the mean friction coefficient of brake block.

NOTE 3 The methodology to determine the mean friction coefficient of the brake blocks is outside the scope of
this document.
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If the internal bogie ratios are equal, the simplifications shown in Formula (12) can be done:

irig,ax,l = irig,ax,Z = irig,ax,n (12)

Formula (9) can be simplified with

— Formulae (6) and (7) for bogie with single-sided brake block arrangement (see Figure 6), or

— Formulae (6) and (8) for bogie with double-sided brake block arrangement (see Figure 5)
to Formula (13):

Fb,tot =TRr 'Z(Fpull 'irig,ax,n 'nBeam) (13)

e

i.
rig, ax, n

EXAMPLE Three-piece bogie.
Figure 6 — Typical single-side'brake block arrangement

When [ = Iy, Formula (13) can be simplified to;Férmula (14) for a bogie with two wheelsets:

Fb,tot :4'Fb,ax ‘MR (14)
whére

Fp tot is the total brake*block force, expressed in N;

Fp ax is the single brake block force, expressed in N;

Fpul is theforce on application point bogie, expressed in N;

Irig,ax,n is¢the lever ratio per brake beam;
NBeam is the number of brake beams;

My is the overall efficiency of brake rigging.

5.3.3 Tread brake unit

The brake cylinder piston force is transferred to the brake blocks taking into account the specific
mechanical rigging ratios, efficiencies of brake rigging and counter forces. The brake block force for an
arrangement as shown in Figure 7 is calculated as set out in Formula (15).

The principle is the same for a spring applied design.

© ISO 2018 - All rights reserved 13
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Pe A Io M

\ nrig’ irig
) [\%’;\/\N

R

s, rig ls, rig

Figure 7 — Representative tread brake unit

Fy, = Fy 'irig MNrig _Fs,rig 'is,rig 15)
where

Fyp is the brake block force, expressed in N;

Fp is the piston force [see Formula (4]], expressed in N;

Irig is the rigging ratio;

n. is the efficiency of brake rigging;
rig

Fsrig is the restoring force, expressed intN;

Is rig is the rigging ratio for restoring force.
In general,|is rig = 1, so Formula (15) eanbe simplified to Formula (16):
Fy, =Fy 'irig MNrig _Fs,rig [16)

The mean fetarding force-acting at the rail generated by the tread brake unit depends on the fricfion
coefficient|of the brakeblock and is independent of the wheel diameter as set out in Formula (17):

F.=FJ Uy 17)
where
F is the mean retarding force acting at the rail generated by a tread brake unit, expressed in N;
T
Fy is the brake block force, expressed in N;
u is the mean friction coefficient of brake block.
m
NOTE The methodology to determine the mean friction coefficient of the brake blocks is outside the scope of

this document.
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5.3.4 Disc brake

The brake cylinder piston force is transferred to the brake pads taking into account the specific
mechanical calliper ratios, efficiencies and counter forces. The individual brake pad force (single face of
the disc) for an arrangement as shown in Figure 8 is calculated as set out in Formula (18).

The principle is the same for a spring applied design (see 6.7.4).

FS,C

R ——

Pe A e e
£ A

Fp = =

Ia, n

Ibn
1

- | e -
Fpad,n Fpad,n - é || I:[> I:

a) Two disc faces b) Four disc faces
Figure 8 — Typical arrangement of brake disc calliper

The first step is the calculation of the piston fe¥ce, Fj, considering the mechanical| efficiency
[seq Formula (4]]. The force, Fs ¢, considers the counter forces including, e.g. counter forces In the slack
adjyster.

The second step is the calculation of the brake pad force, Fpad,n, acting on an individual djisc face, as
shovn in Formula (18):

Fpad,n =Fp 'irig,n MNrig (18)
With calliper lever ratio as shown in Formula (19):
, _ Ia,n
lrig,n - I_ (19)
b,n
The specific braKe'pad contact pressure, pap, is calculated as set out in Formula (20):
F.
pad
= 20
Pap A (20)

Thobrakecalliper clamping lorceFracting onan-jndividual discwith bawg-disc faces {4 scl oul in

Formula (21):

Fcl,n :2'Fpad,n (21)
where

Fpad is the force acting on single disc surface, expressed in N;

Fpad,n is the force acting on single disc surface, expressed in N;

Fp is the piston force [see Formula (4)], expressed in N;
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Irig,n is the calliper lever ratio;
Mg is the efficiency of calliper;
lan, Ibn  are the calliper lever lengths, expressed in m;
Feln is the brake calliper clamping force, expressed in N;
Pap is the specific pressure per brake pad, expressed in N/mZ;
Ap isthe contactarea per brake pnd m{prnccpd inm?
The retardation force is acting on the rail contact point and is dependent on wheel diameter, the.mean

swept radi

Key
1
2

a

disc
wheel
Driving

Figure

The mean

out in Fornpula (22):

F.=F

r C

1s and the friction coefficient of the brake pad as shown in Figure 9.

a
o~

direction.
D — Diagram to show relationship between mean swept radius and wheel diamete

Fetarding fofce acting at the rail generated by the brake equipment can be calculated as

"'m

‘Nisc " Hm

D/2

where

es]]

Fl

Ndisc

16

is the mean retarding force acting at the rail generated by the brake equipment,
expressed in N;

is the clamping force, expressed in N;

is the number of brake discs;

set

22)
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u is the mean friction coefficient of brake pad;

m

'm is the mean swept radius of the brake pad on the disc face, expressed in m;
D is the wheel diameter, expressed in m.

NOTE1 The methodology to determine the mean friction coefficient of the brake pads and the mean swept
radius are outside the scope of this document.

NOTE 2  Mean swept radius of the brake pad on the disc face is also known as brake radius.

The tangential force, Ft, reacted by the bogie per disc can be calculated as set out in Formula| (23):

Fe=Fq -l (23)
wheére

Ft is the tangential force, expressed in N;

Fq is the clamping force, expressed in N;

Um is the mean friction coefficient of brake pad.

5.3/5 Electro-dynamic brake
The braking force of an electro-dynamic brake, Fggp, is,generally represented by a characterjistic curve.
Figlire 10 shows an indicative braking force curve thatcould be achieved by an electro-dyndmic brake.

Fggp 1

FBED, max | .y

V4 V3 VZ V1 Vmax V

Figare 10 — Indicative characteristic braking force of an electro-dynamic brake

Vo -V

2—111 is used with electlo-dynamic
1%

braking and regenerative braking when the voltage has to be limited due to the receptivity of the

electrical supply line.

Thelsection of the curve for speeds higher than vy (depending on

The section of the curve from v1 to v indicates the range where available power is limiting the electro-
v

dynamic force (hyperbolic section, depending on A ).
v

The section of the curve from v; to v3 is characterized by the constant braking force, Fggp,max, which is
limited for reasons of available adhesion or longitudinal dynamics.

The section of the curve from v3 to v4 is the portion of the curve when the electro-dynamic force reduces
due to the characteristic of the electric motor.
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An example of electro-dynamic braking force calculation is provided in D.3.

5.3.6 Fluid retarder

The retarding force of the fluid retarder, FppRr, is generally represented by a characteristic curve.
Figure 11 shows an indicative braking force curve that could be achieved by a fluid retarder (also
known as hydraulic dynamic brake).

FBFR

F BFR,max |

v, Vi Vg NV
Figure 11 — Indicative characteristic retarding forceof the fluid retarder

The section of the curve for speeds higher than vy is defined byithe power limit of the cooling systein of
the fluid rdtarder.

The sectiO]: of the curve from vy to v is the maximum retarding force of the fluid retarder, FRrRr majy-

The section of the curve below v; is the portion of the'curve when the braking force reduces due to|the
characterigtic of the fluid retarder.

An examplp of retarding force of the fluid retarder, FBrr max, calculation is provided in D.4.

5.3.7 Transmission retarder

Reserved.

5.3.8 Rotating eddy current brake

Reserved.

5.4 Adhpsionindependent brake equipment type characteristics

5.4.1 Mg3ggnetic track brake

The retarding force generated by magnetic track brake, Fryg, is not constant and depends on:
— the friction coefficient of the magnetic track brake segments in contact with the rail;

— the attraction force, Famg, which itself depends on the magnetic characteristics of the pole shoe and
track materials.

The braking force of one magnet of a magnetic track brake can be calculated as set out in Formula (24):

Fng :FAMg "Hmg (24)

where
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Frmg is the retarding force of one magnet, expressed in N;
Famg is the attraction force of one magnet, expressed in N;

UMg is the mean friction coefficient of magnet (pole shoe).

Generally, the retarding force of one magnet of a magnetic track brake increases with decreasing speed.

Itis

The

VoM
trag

Thd
trad

An

NOT
trad

Thd

whd

represented by a curve (see Figure 12).
Fng
\
\
\ |
AN
I
I
I I
I I
I I
I
I I
I I
| |
|4 |74 |4

Figure 12 — Indicative retarding force of one magnet.of a magnetic track brake vs

k brake). For speeds outside this range, the niagnetic track brake is not applied.

k brake.

example calculation for the retafding force of a magnetic track brake is provided in D.1.

speed

application of the magnetic track brake is oftendimited to a range of operating speeds between
gand vy mg (vo,Mg: activating speed of magnetictrack brake; vi mg: deactivating speed ¢f magnetic

refore, the mean value of the friction coefficient depends on the operating speeds of the magnetic

5.4.
The

E1 The selection of the operating speed range depends on the mechanical properties of the magnetic
k brake.
total retarding force of all magnets in a vehicle, Frmg tot, can be calculated as set out in Formula (25):
Fng,tot =Nyg 'Fng (25)
bre
Frmgyot  is the total retarding force of all magnets in a vehicle, expressed in N;
Hig is-the-number-ef magnetsia-vehiele;
Frmg is the retarding force of one magnet, expressed in N.
NOTE 2  Avehicle is always equipped with magnets of the same type arranged in couples.
2 Linear eddy current brake
retarding force of the linear eddy current brake, Fygcp, depends on:
the gap between the magnets of the eddy current brake and the head of the rail;
intensity of the magnetic field (magnet coil and excitation current);
operating speed range including fade in/out ramps.
© ISO 2018 - All rights reserved 19
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3
r, ECB

Figure 13

The opera

retarding force depends on the excitation current, I, and the operating speed of thejeddy current br

An exampl

NOTE '

5.4.3 Mg

The mean |
the structy
to a simila
aresult of

NOTE 1 ]
take into ac

The instan
as setouti

2 Vo V v, Vo v

— Typical operating current and retarding force of linear eddy current brake vs. sp

[ing gap is generally constant during the application. Therefore, the mean value of

e for retarding force of linear eddy current brake calculation is provided in D.2.

'he selection of the operating speed range depends on the properties of'the linear eddy current b

an retarding force by train resistance

etarding force by train resistance is a component ofithe train decelerating force provide

" existing train, or based on a specific calculatioh or test. When the values are establishe
ests, the test conditions shall be similar to the'expected operating conditions.

'he mean retarding force by train resistanee can be neglected for brake calculations which do
count rotating masses, such as freight wagons equipped with tread brakes.

h Formula (26):

1+C2~V+C3~V2

is the instantaneous retarding force by train resistance, expressed in N;

is)the forces of mechanical resistance and momentum drag due to airflow for tr3
tion and auxiliary equipment and the air-conditioning system, expressed in N;

eed

the
hke.

ake.

l by

re/shape of the train. The characteristic of train r€sistance shall be determined by analogy

1 as

not

faneous retarding force by trainresistance, Frg, for a particular speed, v, can be determined

26)

\C-

The approximation of the mean retarding force by train resistance,

speed, Vfin,

FRa:C1+%'Cz'

20

is the force of aerodynamic resistance due to pressure drag and skin friction dr3

1S,

expressed m N,
is the speed, expressed in m/s.

F,,, for an initial speed, vo, to f

can be derived from Formula (26) and can be calculated as set out in Formula (27):

2 2
Vg +Vg Ve, FVE
0 0 fin fin +%c3(vg+vlen)

Vo +Vein

inal

(27)
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where

is the mean retarding force by train resistance, expressed in N;

S]]

Ra

C1 is the characteristic coefficient of the train independent of speed, expressed in N;

(%)

is the characteristic coefficient of the train proportional to the speed, expressed in

NOT

NOTI

5.4
Res

5.4
Res

5.5

5.5

Thd
cald

For

Onl
For

. . N
friction drag, expressed in —

(m/s)
Vo is the initial speed, expressed in m/s;

Vfin is the final speed, expressed in m/s.

E3  The determination of train resistance in tunnels is outside)the scope of this document.

4 Aerodynamic brake

erved.

5 Electro dynamic brake generated by linear induction motor

erved.
Time characteristics

1 Derivation of brakeequipment time characteristics

ulation.

5.5

W4 Equivalent response time, {

E2 The determination of the value of the factors (1, C2, C3 is outside the scope of this documepnt.

)’

m/s

C3 is the characteristic coefficient of aerodynamic resistance due to pressure drag and skin

time characteristic(of a brake equipment type shall be declared for the purposes of the brake

the purpose‘ofi this document, typically, the time characteristic is considered for ¢ach brake
equipment type when the braking force of this equipment becomes greater than zero.

iy the application of the brake is considered, the calculations do not consider release charjpcteristics.
specific calculations of slowing distance, the use of release characteristics may be considered.

When a brake application is requested, there is generally an initial delay followed by a period when
the braking force builds-up before achieving the maximum braking force for this application. For the
purpose of calculation, this response of the brake equipment is generally simplified (see Figure 14) to

a period when the brake equipment is not applied, and

a period when the brake equipment is fully applied.
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Y Y
Fmax resp. Pmax, dmax
b r——m——F— | _}_
|
|
|
|
|
|
|
a |
[ [
ta tan te
ty ty
Figure 14 — Actual response of brake equipment vs. simplified equivalent response
One method to determine the equivalent response time, te, is set out in Formula [28):
tab
te = ta H+ 7
where
te s the equivalent response time, expressed in s;
ta s the initial delay (dead time), expressed in s;
tab s the build-up time, expressed in s;
tp s the overall response time (t; + tap)lexpressedins;
a s the defined level for the minimuin output signal, (typically 10 % or 5 %), expressed in
b s the defined level for the ataximum output signal (typically 95 % or 90 %), expressed in
Y s the percentage of output signal.
NOTE1 The determination-of.the build-up time, t;p, is outside the scope of this document.
NOTE 2 ther methodsto-determine the equivalent response time, te, are shown in ISO/TR 22131.
For units of trainsetswith a combination of different brake equipment types, it is necessary to cons

system build-up.finmes for brake equipment types which are not pressure systems, e.g. dynamic br

magnetic t

rack brake, eddy current brake.

28)

%;

der
hke,

The brake
equivalent

22

performance formutae in this dOCUMeNt USE Mean values and are appiicabie when
response time is less than 20 % of the time with the maximum braking force.

the
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For such units or trainsets with a combination of different brake equipment types, Formula (28) is

transferred into Formula (29):

t

ab,n
ten=tant (29)
2
where
isthe eauivalent resnonse time for a snecifichralkke cauinmenttune n evnress d ins:

1 1 | 4 r 1 P J 4 r ’
tan is the initial delay (dead time) for a specific brake equipment type n, expressed|in s;
tab,n is the build-up time for a specific brake equipment type n, expressed in.s.

te nfis the equivalent response time of each brake equipment type active within.the train. If tHe response
timg of the system is affected by the speed of propagation of the command signals, thig should be
conkidered.

The equivalent response time, te, of the train can be calculated as set;out in Formula (30) donsidering
the[total number of each brake equipment type at the entity level being considered, e.g. total number of
bogies fitted with each brake equipment type.

z:lzl(te,n 'EB,n )

te = = (30)
2,1:1 B,n
whére
F-B'n is the mean braking force of brake equipment type n, expressed in N;
te is the equivalent response-time, expressed in s;
te,n is the equivalent response time for a specific brake equipment type n, expressqd in s.

NOTE 3  The equivalent train'response time, te, can also be determined from the deceleration curjve obtained
during dynamic braking tests of the train.

5.6/ Initial and operating characteristics

5.6]1 Forceson the slope

Thd components of the weight, Fg [see Formula (31)], on the slope are the downhill force dug to gravity,
Fp, pnd'the perpendicular force, Fperp, and can be calculated as set out in Formulae (32) and|(33).

Pt

I

Figure 15 — Forces on the slope
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F,=m-g (31)

F,=F,-sin(a) (32)

Fyo., =F, -cos(cx) (33)
where

Fg TS the welgnt, expressed 1n N;

Mgt is the static mass, expressed in kg;

g is the standard acceleration of gravity, expressed in m/s2;

Fp is the downbhill force due to gravity, expressed in N;

Fperp is the perpendicular force, expressed in N;

o is the angle of slope, expressed in degree (°).

5.6.2 Dgwnhill force due to gravity depending on the gradient

The gradiept is defined in Figure 15 by Formula (34):
h .
tan (o =E—>h=1~b 34)

The relatiognship between [, b, h is given by Formula (35):

12 =h?[+b? > 1=\ h® +b? 35)

Substitutinlg for h and I, the relationship.between sin(a) and the gradient of the track, i, is set oyt in

Formula (36):
ﬁ: h _ ih _ i-b _ i-b _
L Jn2+p2 i b2 +b? \/bz (2+1) b1 Nit+1

The downhill force duelto gravity, Fp, can be calculated using Formulae (32) and (36) as set oyt in

Formula (37):

sina =

I
I“+1

37)

Substituting in Formula (37) with Formula (31), the downhill force due to gravity is set out in

Formula (38):

Fp =T 9 (38)
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Fp is the downhill force due to gravity, expressed in N;
Fg is the weight, expressed in N;
Mgt is the static mass, expressed in kg;
g is the standard acceleration of gravity, expressed in m/s2;
i is the gradient of the track.
For gradients not steeper than 1/100 (10 %o), the gradient is also given by Formula (39):

. h h
I=tano=—=—=sIno
b 1

For|gradients not steeper than 1/100 (10 %o), the downhill force due to gravity tan be si
Formula (40):

Fp=mg -g-i
where
Fp is the downhill force due to gravity, expressed in.N;

Mgt is the static mass, expressed in kg;
g is the standard acceleration of gravity, expressed in m/s2;
i is the gradient of the track.

Where the gradient of the track changes during the brake performance calculation, it is n¢
detérmine an equivalent mean gradient.

(39)
mplified to

(40)

pcessary to

NOTE The methodology to determing-the gradient of the track is outside the scope of this docunjent.

5.6{3 Blending

To achieve the required braking performance, it is common to use the combination of the 1
fordes of the different brake systems. When the performance of individual systems changes
brake application, the\concept of blending should ensure the contribution from those syst
are|changed to retain the required brake performance (see Figure 16). There is no gener
confept, it is application specific.

F A

etardation
during the
ems which
il blending

Figure 16 — Idealized example of electro-dynamic brake and friction brake blending
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The blende

Fgq =Fggp +Fp

where

Fpq

FBED

d retarding force, Fpq, can be calculated as set out in Formula (41):

is the blended retarding force, expressed in N;

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

(41)

Fp

When the |
stopping d

If the ble

stopping (rifstance shall be performed over a series of speed intervals correspondingto the diffe

values of F]

5.6.4 Va

The value

a 41 desasl b ) Lo e 1 1 o AL
1S5 LT CUIIT TUULIVUIT UT LT THICULIUIT UTARC, TAPTTSSTU T IN.

blended retarding force, Fpq, is constant during the brake application, the calculation of]
stance will use this single value.

ed retarding force, Fgg, is not constant during the brake application, the(talculatio
Bd-

ue of the mean adhesion required between wheel/rail for the braked wheelset

pf mean adhesion required between wheel/rail for the braked wheelset, 7, ,

the

h of
rent

is determined

N ) .
from the sum of the mean retarding forces, 2 1 F.p , of the different brake equipment types,|the
static masg per wheelset, mst ax, and the gradient of the track, i
The value ¢f the mean adhesion required between wheel/rail for the braked wheelset can be calculdted
as set out ip Formula (42):
) S
— _15r,n T Mrotax "Ye [ i
Tax = 4= n=1 : l2 +1 .42)
Mgtax "9

where

. is the value ofthe' mean adhesion required between wheel/rail for the braked

ax wheelset;
N is the nutmber of brake equipment types;
N [— is€¢he’sum of mean retarding forces of all brake equipment types per wheelset

anl r,n requiring adhesion, expressed in N;

Mrot,ax is the equivalent rotating mass, expressed in kg;

de is the equivalent deceleration, expressed in m/s2;

Mst ax is the static mass per wheelset, expressed in kg;

g is the standard acceleration of gravity, expressed in m/s2;

i is the gradient of the track (positive rising/negative falling).
NOTE The methodology to determine the value of permitted adhesion is outside the scope of this document.
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5.7 Stopping and slowing distance calculation based on mean values

5.7.1 Mean retarding force with respect to the distance

The mean retarding force shall be used for the calculation of braking distance. If the instantaneous
retarding force is constant, it does not depend on the speed range. The mean retarding force with
respect to the distance generated by all the brake equipment acting together can be calculated as set

out in Formula (43):

2 2 Yo

vy — Vi 4
Fe 0 fin 4+ JI' — v (43)
2 F.
Vfin
whére
F is the mean retarding force acting at the rail generated by the brake équipment, ex-
r pressed in N;
Fy is the instantaneous retarding force acting at the rail generated by the brake efjuipment,
expressed in N;
Vo is the initial speed, expressed in m/s;
Vfin is the final speed (= 0 in the case of a stoppingdistance), expressed in m/s;
1% is the speed, expressed in m/s;
with
Vo
v
S=Mgyy - J' ——dv (44)
R (v)
Vfin

and|in case of constant brake force,

2 .2
vy —V§
s= Eyn . 0 fin (4_5)
F. 2
where
s is the'stopping / slowing distance, expressed in m;

Mdyn isthe dynamic mass, expressed in kg.

Equalizing¥ormulae (44) and (45) on the distance base creates Formula (43).

If theZinstantaneous retarding forces are defined in different speed ranges, the integrpl shall be
calculated for each range of speed and finally summed. This results in the mean retarding force being
obtained for all the speed ranges.

5.7.2 Equivalent deceleration, a., based on retarding forces

The equivalent deceleration with respectto the braking distance is calculated as the sum of the retarding
forces during braking, divided by the dynamic mass as set out in Formula (46) and is applicable to the
whole train and takes into account external forces acting on the train. This equivalent deceleration
represents the mean deceleration with fully applied brake forces for all applied brake equipment types.
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The mean external forces, F., are forces acting on the vehicle/train and are not generated by the

vehicle/train itself (e.g. wind).

N — —
anlFr,n + Fext
ae = (46)
mdyn
where
Qe is the equivalent deceleration, expressed in m/sZ;
r is the mean retarding force of brake equipment type n, expressed in N;
rn
F is the mean external force respecting the direction of action, expressed in N;
ext

Mdyn is the dynamic mass, expressed in kg.

5.7.3 Equivalent free running distance, sg

The equivdlent free running distance, sp, is a calculated theoretical distahce without deceleration or
acceleration on level track as set out in Formula (47):

SO = VO . te 47)
where

) s the equivalent free running distance, expressed in m;

Vo s the initial speed, expressed in m/s;

te s the equivalent response time, expressed in s.

5.7.4 Stgpping and slowing distance on level track

The stoppipg or slowing distance (s);on level track is calculated as the distance run between the injtial
brake dempnd and achieving the-final speed as set out in Formula (48):

s=vg-fe+ M 48)
2-a,
where
s is’the stopping/slowing distance, expressed in m;
te is the equivalent response time, expressed in s;
Vo is the initial speed, expressed in m/s;

Vfin is the final speed (=0 in the case of a stopping distance), expressed in m/s;

de is the equivalent deceleration, expressed in m/s2.
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To take into account changes in retarding forces due to different speed ranges, the stopping/slowing
distance, s, is calculated as set out in Formula (49):

2 .2 2 2 2 2
vy —V v, —v V7_1—V
s=Vg e+t —Z4-2 "zl 21 72 (49)
2'ae,z 2'ae,z+1 2'ae,Z
where

de; isthe equivalent deceleration acting during speed range z, expressed in m/s2;

Z ib LhU bpeed I'dlIgc SLEp Ilu[ll‘Ut!l )

Z is the number of speed ranges.
NOTE Other methods to determine the stopping and slowing distance are shown in ISO/TR 22131.
5.7|5 Stopping and slowing distance based on different gradients
5.7/5.1 Stopping and slowing distance on a gradient
The stopping and slowing distance on a gradient, sgrad, can be calgulated as set out in Fofmula (50).
Thip calculation takes full account of the effects of the gradient.of the track and rotating ineqtia.

2
Mgt . 2
. Vo——mS "g -1t " Viin
mg; ) dyn
Sgrad:VO'te_E'—S'g"'te"' 5 (50)
Mgyn “Uegrad
with
Mg _
Qegrad =de T T—-g-i (51)
mdyn

whére

Sgrad is the stopping/slowing distance on a gradient, expressed in m;

te is the equivalent response time, expressed in s;

Vo is\the initial speed, expressed in m/s;

Vfin is the final speed (= 0 in case of a stopping distance), expressed in m/s;

Mgt is the static mass, expressed in kg;

e isthe rlynamir' mass; ﬂvprnccpr‘] in Lrg;

g is the standard acceleration of gravity, expressed in m/s2;

i is the gradient of the track (positive rising/negative falling);

de is the equivalent deceleration, expressed in m/s2;

Qe grad is the equivalent deceleration including the effect of gradient and inertia, expressed

in m/s2.
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5.7.5.2 Stopping and slowing distance on a gradient (simplified)

The stopping and slowing distance on a gradient, sgrad, set out in Formula (50) can be simplified as set
out in Formula (52). In this simplified calculation, the speed changes during the free running time and
the effects of rotating inertia are ignored. The simplified formula is valid under the following conditions:

— maximum gradients of the track not steeper than 1/100 (10 %o);
— initial speed is not less than 50 km/h;

— equivalent response time of the train brake is not more than 3 s.

Within thefe limits, the expected error from the use of Formula (52) is <5 %.

2 2

Vg —V§
0 fin
Sgrad Vo “te +—2 52)
"Ue grad_simple

with

Ue grad fsimple =%e +g-i 53)
where

Sgrad is the stopping/slowing distance on a gradient,eXpressed in m;

Vo is the initial speed, expressed in m/s;

te is the equivalent response time, expressed in s;

Vfin is the final speed (= 0 in the case@f’a stopping distance), expressed in m/s;

Qe grad|simple is the equivalent deceleration-neglecting inertia, expressed in m/s2;

de is the equivalent deceleration, expressed in m/sZ;
g is the standard aeceleration of gravity, expressed in m/s2;
i is the gradient of the track.
NOTE ther methods to determine the stopping and slowing distance are shown in ISO/TR 22131.

5.8 Supplementarydynamic calculations

5.8.1 General

The follow|ng.calculations are conducted in addition to stopping and slowing distances or decelerafion
calculatio Thayu Ratr baucad to aualuata thao dacign of thao bhealring cuctars marticnl vl »agardin ol the

T I IIC Yy o e S O T O ey o T t et I e O e ST T Ot T OT oIS I 5 O y O o poar crcutar 1y T oot ottty

dissipation of braking energy by the brake equipment types as applicable.

The following calculations may be done using mean values of force or instantaneous values of force.
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5.8.2 Braking energy

5.8.2.1 Total energy, Wi,

The total energy, Wiot, is the sum of the dissipated energy of all applied brake equipment types and train
resistance as set out in 5.4.3, which is equal to the related difference of kinetic and potential energy as

set out in Formula (54):

2 2
M4yn '(VO _Vfin)

Wioe = > Mg -g-S- =Wg +Wg, (54)
Vi F1
whgre
Whot is the total energy, expressed in J;
Wpg is the energy dissipated by the brake systems, expressed in J;
WRa is the energy dissipated by the train resistance, expressed/n J;
g is the standard acceleration of gravity, expressed in my/sZ;
i is the gradient of the track;

Mdyn is the dynamic mass, expressed in kg;

Mgt is the static mass, expressed in kg;

Vo is the initial speed, expressed in m/s;

Vfin is the final speed, expressed in mYs;

S is the stopping/slowing djstance (distance between vg and vtiy), expressed in np.

NOTE In Formula (54), the potentjal energy is represented by s-

, i.e. the height differenjce between

2
i“+1
the btart and finish of the brake'demand.

5.8{2.2 Energy dissipated by each brake equipment type, Wg

The energy, Wp fdissipated by each brake equipment type n can be calculated for mean retarding
forges F, , assetoutin Formula (55):

Wg 50 S (55)
where

Wg n is the energy dissipated by brake equipment type n, expressed in J;

PT‘,I is the mean retarding force for brake equipment type n, expressed in N;

SB,n is the distance travelled while the brake equipment type n is applied, expressed in m.
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5.8.3 Maximum braking power of each brake equipment type, Prax n

The maximum braking power, Pnax n, of each brake equipment type n can be calculated as set out in
Formula (56), when the retarding force is constant.

Pmax,n :Fr,n Vo (56)
where

Pmax.n is the maximum power of brake equipment type n, expressed in W;

FT,n is the mean retarding force of brake equipment type n, expressed in N;

Vo is the initial speed, expressed in m/s.

NOTE If the retarding force, Fy.p,, of brake equipment type n changes during the application, the maxiium
power, Pmad n, of brake equipment type n may not occur at the initial speed, vg.

6 Statignary braking

6.1 General

Stationary|braking provides the following functions:
— holding brake;

— immobilization brake;

— parking brake.

6.2 Holding brake

The holding brake is used to prevent a train from moving under specified conditions and for a specified
period of time when the brake systemfenergy is replenished.

The holding brake provides the following functions:
— to secure the train at staudstill during a stop in a station;
— to secuyre the train ena gradient during a hill start.

NOTE The holdingbrake is sometimes provided by the leading vehicle and/or by the locomotive alone.

6.3 Immobilization brake

The immobilization brake holds a train in a stationary position under relevantload conditions for a certain
period of time and at least on a gradient. The immobilization brake is normally initiated by an application
of the service brake or emergency brake using just the brake system energy stored on the train.

6.4 Parking brake

The parking brake keeps the train stationary in shut down configuration for an indefinite period of
time without energy supply until intentionally released.
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6.5 Stationary brake calculation

6.5.1 General

The stationary brake calculation is generally not performed for the immobilization brake, as all
wheelsets have their service/emergency brakes applied. In the case of parking brake and holding brake,
only a limited quantity of wheelsets are braked, so it is necessary to calculate the stationary brake
performance.

NOTE The parking brake and holding brake function may be provided by different wheelsets in the train
formation

The principle of the algorithm flow is presented in Figure B.1.

6.5]2 General characteristics
The parameters to be defined are:
— |quantity of parking braked wheelsets for each adhesion dependent brake equipment type;

— |quantity of holding braked wheelsets for each adhesion dependentbrake equipment typ

)

— |quantity of non-adhesion dependent brake equipment types;
— |axle load of the parking and holding braked wheelsets;

— |static coefficient of friction (block or pad);

— |static mass of the vehicle/unit/train;

— |gradient;

— |wind forces;

— |rolling resistance.

Each brake equipment type usedifor holding and/or parking shall be the subject of a specific ¢alculation.

All pf the various types of hrake equipment applied to one wheelset shall be identified and cpnsidered.

6.6/ Static coefficient of friction

The static coeffieient of friction is the main characteristic of friction brake equipment types fo be taken
intq account inthe stationary brake performance.

NOTE The methodology to determine the static friction coefficient of the brake blocks/pads is|outside the
scope of this documents.

6.7 Parking brake force provided by equipment type

6.7.1 Screw applied parking brake (tread brake)

Different technical solutions for generating the output force of parking brake exist. The example shown
in Figure 17 is one typical solution using a tread brake.
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he application point of the gear force;«Fg, can be the application point of the piston force.

Dashed lines represent additional tread brake arrangements.

5

\ / MSU Ab’ b, ax, st

Figure 17 & Typical screw hand brake (tread brake)

The gear force, Fg, is generated by the hand wheel or a crank handle force, Fcry, and is transferrefl to
the brake hlocks taking inte-account the specific mechanical rigging ratios (including hand brake gdar),

efficiencieg

of brake rigging and counter forces.

In the example shown in Figure 17, the output force of parking brake mechanism, Fg, can be calculgted

as set out ih Forinwla (57):

Fg = Flepig-Ng 57)
where

Fg is the output force of parking brake mechanism, expressed in N;

Fcru is the crank handle or hand wheel force, expressed in N;

ig is the gear ratio;

N is the gear efficiency.
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The theoretical maximum of the static force on application point bogie, Fpyli,st, can be calculated as set

out in Formula (58):
I, ]
Founst =Fg ‘E—Fs,c ‘g —Fsr (58)

The theoretical maximum of the static force acting on a single block, Fp ax st, can be calculated as set out
in Formula (59):

Fb,ax,st :%'Fpull,st 'irig,ax,n (59)

whére
Table 4 — Formulae for single-sided and double-sided brake block arrangement
Brake block arrangement
Single-sided ]()c(l)::;‘;::li{ee()i
. irig,ax,n ZM (60) irig,ax,n =IC_‘I'_ (61)
Irig,ax,n d,i d,i
see Figure 6 see Figure 5

The total static brake block force can be calculated as et out in Formula (62):

Fb,tot,st = zFb,ax,st ‘MRst (62)
where

Fpull st is the static force omrapplication point bogie, expressed in N;

Fg is the output ferce of parking brake mechanism, expressed in N;

Fsc is the restaring force of brake unit or spring applied force, expressed in N;

Irig is the rigging ratio;

L Iy are’the main brake lever lengths, expressed in m;

le is the main brake lever length (parking brake), expressed in m;

I, Ia are the bogie lever lengths, expressed in m;

Fsr ts-therestertneforeses—shekadinsterexpressedini:

Fb,tot,st is the total static brake block force, expressed in N;

Fp,ax,st is the static single brake block force, expressed in N;

Irig,ax,n is the lever ratio per brake beam;

NR,st is the overall static efficiency of brake rigging.
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The total stationary brake force acting at the rail applied by the parking brake can be calculated as set

out in Formula (63):

FB,st :Fb,tot,st Mgt (63)
where

FB st is the total stationary brake force acting at the rail, expressed in N;

Fbtot,st is the total static brake block force, expressed in N;

Ust is the static friction coefficient of brake block.
NOTE The methodology to determine the static friction coefficient of the brake blocks is outside. the scope of

this documg

6.7.2 Sp

The spring
specific mg
in Figure 1]

The brake

F b,st =

where

nt.

ring applied tread brake unit

applied parking brake force is transferred to the brake blocks faking into account

B is one typical solution using a spring applied tread brake unit.

Fgp

\ nrig‘ lrig

b, st

——

s, rig Is, rig

Figure 18 — Representative spring applied tread brake unit
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unit, expressed in N;

is the parking brake spring force, expressed in N;
is the rigging ratio;

is the efficiency of brake rigging;

is the restoring force, expressed in N;

is the rigging ratio for restoring force.

the

chanical rigging ratios, efficiencies of brake rigging and counter fofces. The example shown

block force for anarrangement as shown in Figure 18 is calculated as set out in Formula (p4):

64)
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In general, is rig = 1, so Formula (64) can be simplified to Formula (65):
Fb,st :FSP 'irig 'nrig _Fs,rig (65)

The total parking brake force acting at the rail depends on the quantity of parking brake units and
the static friction coefficient of the brake block and is independent of the wheel diameter as set out in

Formula (66):

Fpp =Fp st - st "Nsp (66)
whére

Fpp is the total parking brake force acting at the rail, expressed in N;

Fp st is the parking brake force acting on the tread of the wheel from a sixigle parking brake

unit, expressed in N;

Ust is the static friction coefficient of brake block;
nsp is the number of spring brake units.
NOTE The methodology to determine the static friction coefficient, yst, of the brake blocks is|outside the

scope of this document.

6.7{3 Screw applied parking brake (disc brake)

Diffierent technical solutions for generating the outpit force of parking brake exist. The example shown
in Higure 19 is one typical solution using a disc brake.

FCr, H irig, c r’rig
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Newl Iepl l E%
L E ]
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|
|
! Fpg—
L
D
|

Figure 19 — Typical screw brake arrangement of disc brakes
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The parking brake force, Fg, is transferred to the brake pads taking into account the specific mechanical
calliper ratios, efficiencies and counter forces. The example shown in Figure 19 uses a screw hand brake
and the output force of parking brake mechanism, Fg, is set out in Formula (67):

Fg =Fcrn i Mg

where
Fg
Fcru
iG

Ng

The total fgrce, Fp tot, acting on all disc faces of the arrangement as shown in Figure.19 can be calculz
as set out ih Formula (68):

Fb,tot 7 (FG “Tcpl “Icpl _FS,C )'nface 'irig,C 'nrig

where

Fp tot
Fg
RS
ICbl
Fsc
Nface
irig,C

Nrig

The total pprking brake force acting at the rail, Fpg, can be calculated as set out in Formula (69):

Fpg =HRp tot * Herrar—, =

where

Fpg
Fp,tot
HUst
m
D

NOTE

38

is the output force of parking brake mechanism, expressed in N;

{SThe crank handie or nand Wheet fOTCE, eXpressed in N;
is the gear ratio;

is the gear efficiency.

is the total force acting on all disc faces, expressedyin N;
is the output force of parking brake mechani§m, expressed in N;

is the cable efficiency;

is the cable mechanical ratio;

is the restoring force of brake unit or spring applied force, expressed in N;
is the number of disc faces;

is the calliper lever(ratio (parking brake);

is the efficiencyof brake calliper.

Fm

D/2

is the total parking brake force acting at the rail, expressed in N;

is the total force acting on all disc faces, expressed in N;

is the static friction coefficient of brake pad;

is the mean swept radius of the brake pad on the disc face, expressed in m;

is the wheel diameter, expressed in m.

(67)

ted

68)

69)

The methodology to determine the static friction coefficient, yst, of the brake pads is outside the scope
of this document.
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6.7.4 Spring applied disc brake unit arrangement

The spring applied parking brake force is transferred to the brake pads taking into account the specific
mechanical calliper ratios, efficiencies and counter forces. The individual brake pad force (single face of
the disc) for an arrangement as shown in Figure 20 can be calculated as set out in Formula (70).

= =
~ ob
S
=
0D

=
= 20
N B

N'Q

FSP

Fpad,n @H H

a) Two disc faces b) Four disc faces

Figure 20 — Typical arrangement of spring applied'brake disc calliper

The force, Fpad,n, acting on an individual disc face can be calctlated as set out in Formula (70):

Foadn =Fsp “Irign Trigst (70)
whére

irig,n = ;a_,n (71)

b,n

Fpad,n is the force acting on'single disc surface, expressed in N;

Fsp is the parkingbrake spring force, expressed in N;

Irig,n is the calliperlever ratio;

Nrig,st is thezstatic efficiency of calliper;

lan, Ibn _drethe calliper lever lengths, expressed in m.
Theg sum of the spring applied forces acting on the disc faces can be calculated as set out in Formula (72):

Fb,tot.st =Nface 'Fpad,n (72)

where

Fptot,st  is the parking brake forces acting on the disc faces, expressed in N;
Fpad,n is the force acting on single disc surface, expressed in N;

Nface is the number of disc faces.
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Total parking brake force acting at the rail can be calculated as set out in Formula (73):

Fpg :Fb,tot,st "Mt ;_r;z (73)
where

Fpp is the total parking brake force acting at the rail, expressed in N;

Fptotst  is the parking brake forces acting on the disc faces, expressed in N;

Ust is the static friction coefficient of brake pad;

m is the mean swept radius of the brake pad on the disc face, expressed in m;

D is the wheel diameter, expressed in m.
NOTE The methodology to determine the static friction coefficient, ust, of the brake padsis outside the s¢ope
of this document.
6.7.5 Force of a permanent magnetic track brake
The parking brake force of one permanent magnet can be calculated as'set out in Formula (74):

FMg,st ::FAMg,st “Hmg,st 74)
where

Fumg,st is the parking brake force of one permanent magnet, expressed in N;

Famg st is the attraction force of one permahent magnet, expressed in N;

T is the static friction coefficientof permanent magnet (pole shoe).
NOTE The methodology to determineithe attraction force and the static friction coefficient of the permapent
magnet is ofitside the scope of this document.
The total parking brake force of all permanent magnets in a vehicle, Fumg stat,tot, can be calculated ag set
out in Fornmula (75):

FMg,st,t bt = Mg 'FMg,st 75)
where

FMmg st {of is the total parking brake force of all permanent magnets in a vehicle, expressed il|1 N;

nMg is the number of magnets in a vehicle;

Fumg,st is the parking brake force of one permanent magnet, expressed in N.
40 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=e88f837cdb693dce1c1c226c7e4e6ec7

1ISO 20138-1:2018(E)

6.8 Stationary brake force for each wheelset

The stationary force for each wheelset, Fp axst, is the sum of the stationary forces of each adhesion
dependent immobilization/holding/parking brake equipment type acting on that wheelset, Fst 5, as set

out in Formula (76).

N
Faxst = stt,n (76)
0 ax
where
FBaxst isthe stationary brake force acting on that wheelset, expressed in N;
Fstn is the stationary brake force acting on the wheelset of each immobilization/holding/
parking brake type n, expressed in N.
The individual stationary brake forces may be limited by the available~adhesion. Thefefore, the

tramsmittable force shall be established. The individual stationary brake [force is the lower value of

eith

out

F,

whére

Fst,ax
FB,ax,st
9
Mst,ax

Ta

er the adhesion transmittable force or the stationary brake applied force. It can be calculated as set
in Formula (77):

st,ax :min[(FB,ax,st )Or<Ta Mgt ax -g-i)] (77)

is the transmittable stationary brakeforce acting on that wheelset, expressed in N;
is the stationary brake force on that wheelset, expressed in N;
is the standard acceleration ©f gravity, expressed in m/s2;

is the static mass per wheelset, expressed in kg;

is the available adhesion;

is the gradient-of the track.

NOTE The methodolegy/to determine the available adhesion value, 7,, is outside the scope of thif document.

6.9

Total stationary brake force per train

Th¢q stationarytbrake force of the train is the sum of all stationary brake forces including the forces of
adhesion dependent and adhesion independent brake equipment types; it can be calculated ds set out in
Formula {78):

nd v I L v ol

Ust T 2 Bind T Z ' stax (78)

ax

where

Fst is the stationary brake force of the train, expressed in N;

Fst ax is the transmittable stationary brake force acting on that wheelset, expressed in N;

Fpind  isthe adhesion independent (not related to the wheel to rail contact) force, e.g. force of

permanent magnetic track brake, expressed in N.
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6.10 Stationary brake safety calculation

The stationary brake safety calculation is performed to check whether the train is equipped with
enough parking brake/holding brake forces to prevent the train from moving in a first step (see 6.11)
and whether the distribution of brake forces prevents those wheelsets from sliding in a second step
(see 6.12). Both issues shall be fulfilled to keep the train stationary.

The capability to keep the train stationary can also be expressed by the maximum gradient (see 6.13).

If the vehicle/unit/train has different axle loads and/or the parking brake equipment generates
different parking brake forces, then the calculation of safety against rolling and safety against sliding

should use[the methods set outin 6.14.

6.11 Safety ratio for stationary brake

The ratio of the stationary brake force on the train to the forces that would accelerate thejtrain shall be

greater tha

n one and can be calculated as set out in Formula (79):

I
B st+FRa

st —
FD +Fwind

Fwind

FRa

For downhiill and/or wind force and train résjstance force, refer to 5.6.2 and 5.4.3.

6.12 Coet

is the safety ratio for stationary brake;

is the stationary brake force of the train, expressed-in N;
is the downhill force due to gravity, expressed-in N;

is the wind force on the train, expressedin N;

is the retarding force by train resistance, expressed in N.

ficient of adhesion required by each disc braked wheelset

79)

The coeffifient of adhesion, Tyeqax, required to ensure that each braked wheelset will not dlide
is determined from the parking-brake force, the static axle load and the effect of gradient. It can be
calculated jps set out in Formla (80):

FPB ax
Treqax [~ \ 80)
, 2 .
mst,ax 'g/ i“+1
with
f
FPB,ax =Fcl Ngisc " Hm D_I;Z (81)
i=tano (82)
1
cos(ar)= - (83)
i“+1
where
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Treq,ax is the coefficient of adhesion required by each braked wheelset;

FpB ax is the parking brake force per wheelset acting at the rail, expressed in N;
Mst ax is the static mass per wheelset, expressed in kg;

g is the standard acceleration of gravity, expressed in m/s2;

i is the gradient of the track;

Fq is the clamping force, expressed in N;

Ndisc is the number of brake discs;

Um is the mean friction coefficient of brake block/brake pad;

'm is the mean swept radius of the brake pad on the disc face, expréssed in m;
D is the wheel diameter, expressed in m;

o is the angle of slope (see Figure 15), expressed in degree(°);

Gerjerally, there is a maximum adhesion value, Ty, that is specified for the design of the|stationary
braking.

The calculated value, Treq,ax, shall be less than or equal the:'maximum permitted value of Tmdx.

NOTE1 The methodology to determine the maximum permitted adhesion value is outside the gcope of this
docyiment.

NOTE 2  Formula (80) can be adapted to assess therequired adhesion for the holding brake.
NOTE3  For block brake or tread brake, Formula (81) is replaced by Formula (63) or (66), respectiyely.

6.13 Maximum achievable gradient

Thg maximum achievable gradient is derived from the available stationary braking force, wind force,
and downhill force.

An fincrease of the gradient causes a higher downhill force and can result in an insuffici¢nt holding
forde. If the gradient-Qtthe track is steeper than iyax, the vehicle starts moving by sliding or rolling.
Thdrefore, the maximum achievable gradient shall be calculated for both cases, imax,slide and imax,roll-

Thq availability.bf adhesion to prevent sliding and the limit conditions for rolling shall be ¢hecked for
each individual' wheelset.

Where<all "wheelsets are braked, the maximum achievable gradient for sliding, imaxsljde, can be
calqulated as set out in Formula (84):

. 1

Imax,slide = 2
Mg -9 1
Fpg =Fiying

Where all wheelsets are braked, the maximum achievable gradient for rolling, imax roll, can be calculated

as set out in Formula (85):
. 1

Imax,roll =

(84)

(85)

2

Mg -9 1

FPB +FRa,st _Fwind
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where

Imax,slide is the maximum achievable gradient for sliding;

Fpp
Fwind

Mst

is the total parking brake force acting at the rail, expressed in N;
is the wind force on the train, expressed in N;

is the static mass, expressed in kg;

g

Imax,ro

FRa,st
NOTE ’
scope of thi

6.14 Metl
brake for

6.14.1 Ge|

For parkin
has to be
account. In

is the standard acceleration of gravity, expressed in m/s2;
I is the maximum achievable gradient for rolling;
is the stationary train resistance force, expressed in N.

'he methodology to determine the stationary train resistance force and wind forces is outsidg the
document.

nod for safety calculation for vehicles with a different relationship between
ce and load per wheelset

neral

b and holding brake calculation, the proportion ofthe mass of the vehicle/unit/train which
neld by those wheelsets fitted with parking/ho6lding brake equipment shall be taken |nto
vehicles/units there are wheelsets with and:without stationary brake equipment.

Analogously to 5.6.1, the parking brake forces acting on a single wheelset as shown in Figure 21 are:
— proportion of downhill force to be resisted by the wheelsets with applied parking brake, Fg ax;
— static @xle load perpendicular to the railper wheelset with applied parking brake, F ax;
— static gxle load, Fg,ax, due to grayity,
and can be|calculated as set outin Formulae (86), (87) and (88).
Fd, ax
S
f
FN, ax
Fg, ax
Figure 21 — Effect of the gradient on the static axle load
Fgax =Fgax -sin(a) (86)
Fyax =Fgax -cos(a) (87)
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F gax ~Mstax "9 (88)
where
Fg ax is the static axle load, expressed in N;

Fq ax is the proportion of downhill force to be resisted by the wheelsets with applied parking
brakes, expressed in N;

FN ax is the static axle load perpendicular to the rail per wheelset with applied parking brake
for a specific wheelset, expressed in N;

(04 is the angle of slope, expressed in degree (°);
Mstax 1S the static mass per wheelset, expressed in kg;

g is the standard acceleration of gravity, expressed in m/s2.

6.1#.2 Mean adhesion value between wheel /rail

The value of mean adhesion required between wheel/rail for the braked wheelsets, 7, , is Jetermined

from the proportion of downhill force to be resisted per whéelset with applied parking brjakes, Fq ax,
and| the static axle load, Fn,ax, perpendicular to the rail per<wheelset with applied parking brake and
can|be calculated as set out in Formula (89):

S F
Toy = h (89)
ZFN,aX
where
. is the value of the mean-adhesion required between wheel/rail for the braked yheelset;

ax

F4,ax is the proportion.ofidownhill force to be resisted per wheelset with applied pafking
brakes, expressed in N;

FN,ax is the stati€ axle load perpendicular to the rail per wheelset with applied parking brake,
expressedin N.

NOTE In case~of equal distribution of axle load along the whole vehicle and equal stationary|brake force
actipg on each wheelset, the mean adhesion value, T, corresponds to the adhesion value of each whelset.

6.14.3 Safety against rolling

To prevent rolling, the total parking brake force acting at the rail, Fpg, shall be capable of rgsisting the
downhill force due to gravity, Fp, generated by the static mass, mgt, and external forces, Fext, (€.g. wind),

as set out in Formula (90):
Fpg >Fp +Foy (90)

The downhill force due to gravity, Fp, can be calculated as set out in Formula (91):

FD=mSt~g~sin(oc) (91)

Safety against rolling, Sy, applies to the vehicle/unit/train and represents the relationship between the
total parking brake force acting at the rail, Fpg, and the stationary train resistance force, Frast, and
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adhesion independent forces, FB ind, vs. the downhill force due to gravity, Fp, and external forces, Fext,

as set out in Formula (92):

Fpg +Fgind + Frast

R =

where
SR
Fpp

FRa,st

FB,ind

6.14.4 Sa

6.14.4.1 (

At train le
train statig

It is necesg
applied pat

Starting W
Formulae

FD+Fext

is the safety against rolling;

scthatotal ol g bhealen fornn coting ot +bha ol Qv ccn A3 N

(92)

IS—trRe-totar PO S oT ottt ToT CCTOCtTIITS o v et ol CAPTCSSCOTIIT 1Y,

is the stationary train resistance force, expressed in N;

is the adhesion independent (not related to the wheel to rail contact) force, e:g. force
permanent magnetic track brake, expressed in N;

is the downhill force due to gravity, expressed in N;

is the external forces (e.g. wind force), expressed in N;

is the static mass, expressed in kg;

is the standard acceleration of gravity, expressed inmys?2;

is the angle of slope (see Figure 15), expressed indegree (°).
fety against sliding

feneral consideration

vel, the safety against sliding is the ability of the braked wheelsets to keep the vehicle/u
nary vs. the downhill forces and.extérnal forces.

ary to determine the proportion of the mass to be held M for each individual wheelset ¥
king brake in order to compare the required adhesion with the maximum available adheg

ith the calculation of the forces using Formula (32), which should be transferred

F B, 7 ,red

where

=Fp _FB,ind EF ot

FB,r,re

of

hit/

vith
ion.

nto

37) and (38), the adhesion-dependent (related to the wheel to rail contact) retarding force,
FB rreq, can be calculated ag:set’out in Formula (93):

93)

15 the adhesion-dependent (related to the wheel to rail contact) retarding force,

Fp

FB ind

F, ext

46

expressed in N;

is the downbhill force due to gravity, expressed in N;

is the adhesion independent (not related to the wheel to rail contact) force, e.g. force of

permanent magnetic track brake, expressed in N;

is the external forces (e.g. wind force), expressed in N.
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with
Py ="st 97 (38)
i%+1
where

Fp  isthe downhill force due to gravity, expressed in N;

mst  is the static mass, expressed in kg;

g is the standard acceleration of gravity, expressed in m/s2;
i is the gradient of the track.

At wheelseilevel, the value of the mean adhesion required between wheél/rail for the braked
whg¢elsets, 7, , can be calculated as set out in Formula (94):

- FB,T,I‘E
Tax = F—q (94)
Perp
wheére
. is the value of the mean adhesion required between wheel/rail for the braked wheelsets;

ax

FBrreq Istheadhesion-dependent (related to thecwheel to rail contact) retarding force, ex-
pressed in N;

Fperp is the perpendicular force, expressed in N.

with
Fperp =Fg -cos(a) (33)
My - g
FPerp :SZ; (95)
i“+1
whére

Fperp is theperpendicular force, expressed in N;

Fg is the weight, expressed in N;

Q is the angle of slope, expressed in degree (°);

Mst is the static mass, expressed in kg;

g is the standard acceleration of gravity, expressed in m/s2.

The maximum required adhesion, Treq,max,ax, by each braked wheelset can be calculated as set out in

Formula (96):

Fg 1

T (96)

req,max,ax F
Perp,ax

where
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Treqmax,ax IS the maximum required adhesion by each braked wheelset;

Fp i is the adhesion-dependent (related to the wheel to rail contact) retarding force
generated by applied parking brake, expressed in N;

Fperp,ax is the perpendicular force, expressed in N.

The coefficient of adhesion, Treq,st,ax, required to resist the downhill and external forces by each braked
wheelset can be determined in accordance with Formula (97):

Treq,st,ex =hin \"'-req,max,ax Fax ] 97)
where

Treq,st,fx is the coefficient of adhesion required to resist the downhill and external forces by

each braked wheelset;
Treqmax,ax IS the maximum required adhesion by each braked wheelset;
. is the value of the mean adhesion required between wheel /il for the braked
ax wheelsets.
The safety against sliding, Stslide, specifies the relationship between the maximum permitted or
available sfatic wheel/rail adhesion, Timax, and the coefficient of adhesion, treq,st,ax, required to resist the
downhill apd external forces by each braked wheelset and can heicalculated as set out in Formula ($8):
Tmax
Sr,slide - 98)
Treq,st,ax

where

St slide is the safety against sliding;

Tmax is the maximum permittéd or available static wheel/rail adhesion;

Treq,st,gx is the coefficient of adhesion required to resist the downhill and external forces by

each braked wheelset.
NOTE The maximum permitted or available static wheel/rail adhesion, tnax, is a given value and| the
methodology to determine jtis-outside the scope of this document.
The maxinpum required-adhesion by each braked wheelset, Treqmax,ax, can be calculated as set oyt in
Formula (99):
FPB ax
Treqmal,ax)™ 99)
Nax

where

Treq,max,ax

FPB,ax

FN,aX

is the maximum required adhesion by each braked wheelset;
is the parking brake force per wheelset acting at the rail, expressed in N;

is the static axle load perpendicular to the rail per wheelset with applied parking
brake for a specific wheelset, expressed in N.

If no requirements for train resistance or external forces are available and the wheelsets
generate the same parking brake forces, the formulae may be simplified.
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The downhill forces to be resisted per wheelset with applied parking brakes, Fq4 ax, can be calculated as

set out in Formula (100):

M-g-sin(ct)
Flox=—— (100)
nPB,aX
where
Fd,ax is the proportion of downhill force to be resisted per wheelset with applied parking
brakes, expressed in N;
M is the mass to be held of the vehicle/unit/train, expressed in kg;
g is the standard acceleration of gravity, expressed in m/s2;
a is the angle of slope (see Figure 21), expressed in degree (°);

nppax is the number of wheelsets with applied parking brake.

If the individual parking brakes generate different forces, then_thé downhill force needs to be
disfributed in proportion to the contribution made by each parkingtbrake to prevent sliding

Thq available parking brake force per wheelset acting at the\¢ail, Fppax, shall be greatqr than the
proportion of downhill force, Fq ax, as set out in Formula (102):

Fppax > Fgax (101)

The coefficient of adhesion required to resist the downhill force by each braked wheelset, T req,ax, can
be dalculated as set out in Formula (102):

F d,ax

TDreqax = F (102)

N,ax
whére

Fd,ax is the proportion of downhill force to be resisted per wheelset with applied pprking
brakes, expressed in N;

FN ax is the static axle load perpendicular to the rail per wheelset with applied parking brake
for,aspecific wheelset, expressed in N;

FpB,ax is-the parking brake force per wheelset acting at the rail, expressed in N;

TDregax IS the coefficient of adhesion required to resist the downbhill force by each brgked
wheelset.

Safety against sliding, Stslide, SPECIiIes the relationsnip between the maximum permitted or available
static wheel/rail adhesion, Tax, and the coefficient of adhesion required to resist the downhill force by
each braked wheelset, 7p,req,ax, and can be calculated as set out in Formula (103):

T
St lide == — (103)

D,req,ax

where
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Stslide is the safety against sliding;
Tmax is the maximum permitted or available static wheel/rail adhesion;
Tpregax IS the coefficient of adhesion required to resist the downbhill force by each braked

wheelset.

The maximum required adhesion by each braked wheelset, Treqmax,ax, can be calculated as set out in

Formula (104):

FPR ax
7’-req,malx,ax = F (104)
N,ax
where
FN ax is the static axle load perpendicular to the rail per wheelset with applied’parking brake

FPB,ax

6.14.4.2 (

More comy
there are 9
or in the ¢
considered
In order to

wheel/rail

brake syst

wheelset (
been insta
force by ea3

wheel/rail

However, i
required a

braked wheelsets, 7

wheelsets
each brake

In the next
wheelset r

for a specific wheelset, expressed in N;

is the parking brake force per wheelset acting at the rail, expresséd)in N.

feneral process

lex methods are required (e.g the method described in this subclause and shown in B.]
ignificant differences in the distribution of the parking<brake forces acting on the wh
istribution of the overall static mass (e.g. unbraked\wheelsets) over all wheelsets of
composition (vehicle/unit/train).

hold a vehicle/unit/train safely on a slope, a valte of the mean adhesion required betw

for the braked wheelsets, 7,

ems are able to guarantee a maximum-required adhesion level higher than © at 4

ax,i
is an index used for sorting wheelsets), then, as a conclusion, sufficient braking force
led. Automatically, the level of(the coefficient of adhesion required to resist the dowr
ch braked wheelset, 7p req,ax, is €qual to the value of the mean adhesion required betw

for the braked wheelsets, 7, .

Hhesion level less than the value of the mean adhesion required between wheel/rail for

ax » thel some amount of mass shall be taken over by other brake systems

d wheelset)Treq max,ax are sorted in ascending order.

step;an iterative procedure shall be triggered and the following assessment starts with|
equiiting the lowest level of adhesion and ends with the wheelset requiring the highest 1

as calculated in Formula (89), is necessary. If all install

B) if
bels
the

een
led

ach

has
hill
een

[, for one or several wheelset(s), the braking force of a brake system leads to a maxinjum

the
and

respectivelyCFo"identify those wheelsets, the results of the maximum required adhesion by

the
bvel

of adhesion (See Figure B.2), starting with 7., ; =7, .

The coefficient of adhesion required to resist the downbhill force by each braked wheelset, Tp req,ax, is
limited (for the time being) to the temporary value of the mean adhesion required between wheel/rail
for the braked wheelsets used during iteration step, i, and can be calculated as set out in Formula (105).

To be clear, if Treqmax,ax is greater than 7, ; atall wheelsets, then the coefficient of adhesion required

ax,i

to resist the downhill force by each braked wheelset, 7p,req,ax, IS 7 and the iteration can be stopped.

ax,i

TD,reqax = min |:(Treq,max,ax )Or(Tax,i )i| (105)

If the maximum required adhesion by each braked wheelset, Treqmax,ax, of the first wheelset is less than

Taxi» then 7p req,ax is equal to Treqmax,ax for this wheelset.
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The remaining force of the mass to be held, Fg ; ;g rem» €an be recalculated as set out in Formula (106):

FB,T,req,rem :FB,T,req _TD,req,ax 'FN (106)

Following the steps of the iterative procedure in the flowchart of B.3, the remaining static axle load
perpendicular to the rail, FyN rem, can be recalculated as set out in Formula (107):

FNrem =FN = FNjax (107)

N level o ; or the wheelse nvhich had a maximum reguired adhesion level

larger than 7,, ;, the remaining force of the mass to be held, Fg ; 1¢q rem, shall be distributeq uniformly

to alll remaining wheelsets of the vehicle/unit/train and can be recalculated as set outin-Formula (106).
The iteration steps in Formulae (106) and (107) shall be repeated for each axle.in order fo shift the
mag§s to be held virtually to other wheelset as set out in Formula (106) and as shown in Figuye B.2.

The train is considered to be moving either:

— [the maximum required adhesion by each braked wheelset, Treqmaxiax at all wheelsets is smaller than
the initial value of the mean adhesion required between wheel/rail for the braked wheelget, 7, ;

— |there is at least one wheelset with a coefficient of adhesign required to resist the downHill force by
each braked wheelset, 7y . .« » greater than the maximtim permitted or available statiqqwheel/rail
adhesion, 7. .

whére
T is the value of the mean adhésion required between wheel/rail for the brjaked

ax wheelset;
Toux i is the temporary value of the mean adhesion required between wheel/rafil for the
’ braked wheelset used during iteration step i;
Treq,max,ax is the maximum required adhesion by each braked wheelset;
T nax is the maximum permitted or available static wheel/rail adhesion;
TD req.ax is'the coefficient of adhesion required to resist the downhill force by each braked
red wheelset;
Fy is the static axle load perpendicular to the rail per wheelset with applied parking
brake, expressed in N;
Frax is the static axle load perpendicular to the rail per wheelset with applied|parking
/ brake for a specific wheelset, expressed in N;
Fy rem is the remaining static axle load perpendicular to the rail, expressed in N;
F. 7 req is the adhesion-dependent (related to the wheel to rail contact) retarding force,

expressed in N;

F. is the remaining force of the mass to be held, expressed in N.
B,7,reqrem
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6.14.5 Retention force

As a minimum, the sum of the adhesion-dependent (related to the wheel to rail contact) retarding
forces, Fp; req, shall be greater than the downslope gravitational force and externally action force,

Feyt» to prevent the train from moving and can be calculated as set out in Formula (108):

Fg 7 req > Fp —Fext =FBjind —Fra (108)
where
Fg 7 ref is the adhesion—dependent (related to the wheel to rail contact) retarding force, ex-
pressed in N;
Fp is the downbhill force due to gravity, expressed in N;
Fext is the external force (e.g. wind force), expressed in N;
FB,ind is the adhesion independent (not related to the wheel to rail contact) force, e.g. forde of

permanent magnetic track brake, expressed in N;
FRra is the instantaneous retarding force by train resistance, expressed in N.

For brake pystems that do not depend on adhesion, the entire braking force is considered. In casg of
brake systems depending on the wheel/rail adhesion, only thé minimum transferable forcg is
considered. In such cases, additional safety factors, Sr (safetyyagainst rolling) and S; ;4. (Safety

against slidling), can be specified as safety margins for the retention force, Fy, calculated as set oyt in

Formula (1/09):

| F; Fyi T Fg .
FH 224 B,ind,z +Zmin N,i " “max ; B,7,i (109)
T SR " Stslide SR
where

Fy is the retention force, expressed in N;

FB,ind,2 is the adhesion independent (not related to the wheel to rail contact) retarding forde
per type of equipment, expressed in N;

FN,i is the staticaxle load perpendicular to the rail per wheelset with applied parking
brake (ifs,an index used for sorting wheelsets), expressed in N;

T nax is tig maximum permitted or available static wheel/rail adhesion;

S+ slidd is'the safety against sliding;

SR 1s the safety against rolling;

Fg ;i is the adhesion-dependent (related to the wheel to rail contact) retarding force gener-

ated by applied parking brake (i is an index used for sorting wheelsets), expressed in N.

This approach is based on the assumption of the maximum theoretical adhesion, which does not always
correspond to the adhesion that really acts on the train. To obtain a realistic value, the adhesion actually
used can be calculated (see B.3).
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6.14.6 Retention Safety

The retention safety, Sy, corresponds to the relationship between retention force, Fy, and external
forces, Fext, and can be calculated as set out in Formula (110), with Fp as set out in Formula (37):

F
Sy = __'H (110)
FD +Fext
where
CH isthe retention cafnfy;
Fu is the retention force, expressed in N;
Fp is the downbhill force due to gravity, expressed in N;

Foxt is the external forces (e.g. wind force), expressed in N.
As 3 minimum, the safety level, Sy min, shall be reached. The result is defined for the whole upit.

In the static case, no difference will be made between downhill and uphill gradient. External forces,
Fexd, can reduce or raise the effect of the downhill force due to gravity, Fp.
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Annex A
(informative)

Methodology of stopping and slowing distance calculation

The calculation procedure is summarized in Figures A.1 and A.2 and assumes that the entity considered

for the friction-brakeisanindividual-wheelset
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ing and slowing distance calculation (Part 1)

Figure A.1 — Methodology of stopp

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=e88f837cdb693dce1c1c226c7e4e6ec7

ISO 20138-1:2018(E)

56

Fi

Mean retarding force with respect to the distance

Vehicle
characteristics
Calculation of equivalent
deceleration based on
retarding forces
Initial speed Equivalent
response-time
Stopping and

—= slowing distance
on level track

Different expressions of brake
performance:

- Braking energy
- Braking power
- Power flux

bure A.2 —>Methodology of stopping and slowing distance calculation (Part 2)
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Annex B
(informative)

Workflow for stationary brake calculations

General
=enera:

B.1

The calculation procedure is summarized in Figures B.1 and B.2 and assumes that the entity
for the friction brake is an individual wheelset.

considered

B.ZJ Methodology for stationary brake calculation

Maximum
—| permitted
adhesion
Screw applied Screw applied Permanent magnetid
parking brake parking brake Tread ptrake Disc brake unit| track brake
(tread brake) (disc brake) unt equipment

Summation of adhesion
independent (not related to
wheel to rail coptact)
stationary brake|forces

L Summation of adhesion dependent (related to wheel to rail contact)
stationary brake forces‘per wheelset

Summatien of different stationary brake forces acting on the train

Downhill force
Externalforces (e.g. wind)
Train resistance

Safety ratio for stationary brake
Coefficient of adhesion required by each braked wheelset
Maximum achievable gradient
Retention safety
Safety against rolling
Safety against sliding

Figure B.1 — Workflow for stationary brake calculation
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B.3 Workflow for the retention calculation

2 Fq
Taxi = = &4 Formula (89)
Z FN,ax
Step 1
FB.T.i
T oo v = Formula (96)
hPap .ax
sort T,y maxar ascending
Step 2
TD,req,ax =min ((Treq,max,ax)or(fax,i)) Formula (105)
Step 3
fori="1xn
freq,max,ax,i > 7-_'ax,i
yes
Set
Step 4 TD,req,ax = Treq.maxa.x
i=i+1
fori=1..n ¢
Treq'i - TI FB,r,req,rem = FB,r,req - TD,req,ax ’ E’V Formula (106)
FN,rem = FN' - EV.LL\‘ Formula (107)
_ Z Fd,ax

58

T == 4ar
axt Z FN,ax

Formula (89)
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Key

Fd ax proportion of downhill force to be resisted per wheelset with applied parking brakes, expressed in N

T; value of the mean adhesion required between wheel/rail for the braked wheelset

Treq,max,ax maximum required adhesion by each braked wheelset

TD,req,ax coefficient of adhesion required to resist the downhill force by each braked wheelset

Fperp perpendicular force, expressed in N

FN static axle load perpendicular to the rail per wheelset with applied parking brake, expressed in N

FNax static axle load perpendicular to the rail per wheelset with applied parking brake for a specific
wheelset expressedin N

FN r¢m remaining static axle load perpendicular to the rail, expressed in N

FBrfeq adhesion-dependent  (related to the wheel to rail contact) retarding force,
expressed in N

FBrfeqrem remaining force of the mass to be held, expressed in N

F,r) adhesion dependent (related to the wheel to rail contact) retarding ferce generated

parking brake (i is an index used for sorting wheelsets), expressed in' N

Figure B.2 — Workflow for the retention caleulation
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Annex C
(informative)

Examples for brake calculation

C1 Fre'ﬂhf wagon with two hogies /four wheelsets /central hrake rigginag with
. EH-WAE0H-WAHHEWe-B e glesHodiI-WaeeirsetsceRt i ke- HEggng-With
one braKe cylinder and 16 brake blocks
C.1.1 Geperal
See Figure|C.1.
FCr, H
Ig, Mg :
| p— Y
L H

WS4 WS3

4 3 2 1
bogie 2 bogie 1

Figure C.1 — Freight wagon with four wheelsets

Table C.1 — Brake equipment type

B::gle Wheelset Brake equipment types and clause reference
1 1and 2 Main brake system:
Central brake rigging with composite brake blocks,
tread brake (see 5.3.2)
2 3 and 4 Stationary brake:
Screw applied hand brake acting on all wheels
(see 6.7.1)
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C.1.2 Example for brake calculation of a freight wagon

Table C.2 — Freight wagon — Input data

B::g.ie Description Symbol E’:’Z?:lgle Unit
Main Brake System
— Brake cylinder area Ac 706,9-10-4 m2
— Brake cylinder pressure Pc 0,38 MPa
Restoringforee-of-brake-wunit Fst +566 N
— Internal efficiency of brake unit N —
— Internal rigging ratio of brake unit ic 1 —
| and 2 Main brake lever length I 0,515 m
| and 2 Main brake lever length Iy 0,325 m
[ and 2 Rigging ratio Irig 1,584 —
| and 2 Lever ratio per brake beam, I = Iq Irig,ax,n 1 —
| and 2 |Overall efficiency of brake rigging Tk 0,83 —
[ and 2 Restoring force (slack adjuster) Fsr 2000 N
| and 2 Mean friction coefficient of brake block . 0,2 —
[ and 2 |Contact area per brake block Ap 256-10-4 m?2
| and 2 Dynamic mass of the vehicle (=mst + nyot) Mdyn 90 000 kg
with myet =0
— Final speed Vfin 0 m/s
— Initial speed (100 km/h) Vo 27,78 m/s
— Equivalent build-up time te 2 S
Stationary brake (screw hand brake)
— Crank handle force Fcru 500 N
_ Gear efficiency Na 0,19 —
— Gear ratio iG 236 —
| and 2 Number of wheelsets with applied parking brake NPB,ax 4 —
[ and 2 Main brakejlever length (parking brake) le 0,665 m
| and 2 Statiefri¢tion coefficient of brake block g 0,2 —
| and 2 Qverall static efficiency of brake rigging MRt 0,75 —
— Angle of slope a 2 °
— External forces Fext 0 N
— Wind force on the train Fwind 0 N
1and 2 Stationary train resistance force FRa,st 0 N
1and 2 Adhesion independent (not related to the wheel to FB,ind 0 N
rail contact) force
1 and 2 Mass to be held of the vehicle/unit/train M 90 000 kg
1 and 2 Maximum permitted wheel/rail adhesion Toax 0,12 —
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Table C.3 — Freight wagon — Examples of calculation

Formula

no Title Formula Result value
Main brake system (central brake rigging with composite brake block)
3 Internal F =p A 26 862 N
cylinder ¢ =P fe
force F. =3,8-10°Pa-706,9-10 * m?
4 Piston force . 25362 N
) FP=k1V'|pc'Ac’rlc'lc|+k2V'|FS,C|
Fp =KIy Fe Me Tc| TRZy [Fs|
Fp :|Fc M 'ic|_|FS,C|
Fp=26862N-1-1-1500N
(5) Force on F . —F..i. _F. 38173 N
application pull =P Trig TSR
point bogie Fpu“ =25 362N1,584—2 000N
(6) Single brake 1 19 087 N
block force Fpax :E'Fpull 'irigyax,n
Fy ax :%38 173N-1
9 Total brake _ . 253476 N
block force Fo ot = ZFb'aX R
Fb,tot = 16'Fb,ax ‘MR
Fy ot =16-19087N-0,83
(11) Mean retarding 50 695N
force acting at _
the rail Fr =Fptot “Hm
generated by =
equipment
(10) Specific F 745 586 N/nj2
pressure per Pab~ bax
brake block Ap
19087 N
b= 7
256x10 " m
(46) Equivalent N — _ 0,56 m/s2
deceleration anlF rn T D Fext
a, =
¢ mdyn
0 - 50695N+0N
¢ 90000kg
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Table C.3 (continued)

1ISO 20138-1:2018(E)

Fm;lr‘r)lula Title Formula Result value
(48) Stopping 2 2 745 m
distance - V0 ~Vfin
S =vg te +——
2-a,
m 2
27,78 —
s=27,782-25+[—ls
S 2.056.0
SZ
Stationary (screw hand brake)
(57) Output forceof | p _p ;. 22 420N
parking brake G = ert 6 Ma
mechanism F; =500N-236-0,19
(58) Static force on 41499 N
application Founst =Fo I_e —Fg irig —Fsp
point bogie b
0,665
Fpuse =22420N- > 22 ~1500N - 1,584-2000 N
(59) Static single 1 20 750 N
brake block Fpaxst = E'Fpull,st Trigax,i
force 1
Fb,ax,st = E . 41 499 N . 1
62 Static total 24P 000N
(62) brake block Fp tot,st = ZFb,ax,st “TIR st
force Fy totst =16%20750N-0,75
(63) Total stationary 49 800N
brake force Fp st & Fp totst * st
acting at _ )
e Fiyet =249 000N 0,2
91) Downhill force” "+ - _ e 30 812N
due to gravity p =y g-sin(a)
Fp =90000kg-9,81--sin(2°)
s
92 Safet inst 1,6
(92) Sy agins ot Foina * Fra:
FD +Fext
_49800N+ON+ON
R 30812N+0N
(T00] Proportion of . 7703 N
downbhill force Fia = MLIH(O{)
to be resisted ' NpR ax
by the m .
wheelsets with 90000 kg-9,81—2~sm(2°)
applied parking | Fy = S
brakes ' 4
(88) Static axle load Fyax =Mgpay 9 220 725N
Fgax =22500kg-9,81—
s
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Table C.3 (continued)

Fm;lr:)lula Title Formula Result value
(87) Static axle load 220590 N
perpendicular
to therail per | FNax =Fgax -cos(a)
wheelsetwith | g =220725N-cos(2°)
applied parking ’
brake
(102) Coefficient of 0,035
adhesion Fyax
required to TDreqax = e
resist the N,ax
downbhill force | ; __7703N
D,req,ax —
by each braked 220590N
wheelset
(103) Safety against T 3,5
sliding St slide = —
D,req,ax
0,12
St slide = 0,035
(84) Maximum 1 0,05
achievable Imaxslide =
gradient for my - g 2
sliding —== | -1
Fpg —Fyind
. 1
Imax,slide = 2
m
90000kg-9,81—
s _
49800N-0N
(85) Maximum 1 0,05
achievable Dmax,roll =
gradient for My g 2
rolling st -1
FPB +FRa,st _Fwind
. 1
Imaxroll = >
m
90000 kg~9,81—2 W
S 1

V 49800N+0N—0NJ

C.2 Coach with two bogies/four wheelsets

C.2.1 General

See Figure C.2.
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