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Foreword

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

The procgdures used to develop this document and those intended for its further maintenance-gre
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document maybe the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an eyplanation on the voluntary nature of standards, the <méaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow]ng
URL: wwv.iso.org/iso/foreword.html.

This docujment was prepared by Technical CommitteedSO/TC 269, Railway applications, Subcommittee
SC 2, Rollipg stock.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete |isting of these bodies can be found @twww.iso.org/members.html.
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TECHNICAL REPORT ISO/TR 22131:2018(E)

Railway applications — Railway braking — Country
specific applications for ISO 20138-1

20138-1.

e calculations in this document follow the same principles but they are sightly different:

Thiis document contains country specific calculation approaches currently in use and repr¢sents the
stdte of knowledge including for calculating:

—| stopping and slowing distances;
—| equivalent response time;
—| brake performance;

—| brake ratio.

2 | Normative references

Thlere are no normative references in this document.

3 | Terms and definitions
No terms and definitions are listed in this document.

ISQ and [EC maintain terminological:databases for use in standardization at the following addiresses:

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

—| IEC Electropedia: available'at http://www.electropedia.org/

4 | Slowing or stopping distance calculation using a method implemented in France

4.1 General

Thiis calculation is based on the alternative method of equivalent response time calculation, ps used in

For the purpose of Clause 4, the terms, symbols and abbreviations defined in Table 1 apply.

© ISO 2018 - All rights reserved 1
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Table 1 — Symbols, definitions and units

Term, symbol Definition Unit
or abbrevia-
tion
1 Point when the brake force, deceleration or pressure has been substantially —
achieved, typically 95 %
Qe Equivalent deceleration (on level track, without considering gradient effect) m/s?2
g Standard acceleration of gravity m/s?2

“G” position Distributor valve and distributor icn]nfing devices (nc definedin EN 1 ':'2':':[9])

i Gradient of the track (positive rising/negative falling) —
Sgrad Stopping/slowing distance on a gradient m
Stestd Stopping distances measured during the tests m

te Equivalent response time S

2:te Equivalent response time multiplied by 2 s
%0 Initial speed m/s

Vfin Final speed (= 0 in the case of a stopping distance) m/s
X Time S
Y Factor of nominal braking force, deceleration or pressure —

4.3 Slowing or stopping distance calculation

4.3.1 French model for “G” position

This mod¢l provides a high level of accuracy for the calculation of stopping distances of trains with Igng
build up tjme (e.g. “G” position). It is currently used by‘the infrastructure managers in order to evaluate
the confofmance of a train with the train control system and the length of the signalling sections.

For this Hrench model of slowing or stoppingtdistance calculation, Figure 1 may be used for trajns
operating|in “G” position for brake systems with retarding forces acting on rail contact point.

The mode] uses a linear development,ofithe effort from 0 to 1 during a time of 2-te.

The equivjalent response time, te,Cait be calculated as set out in Formula (1):

t
=t +-32 1
e 4 2 ( )

with t; anid t4p in accexdance with ISO 20138-1:2018, 5.5.2.

2 © ISO 2018 - All rights reserved
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2 x te X
Key
Y factor of nominal braking force, deceleration or pressure
X time, in s
1 point when the full brake force, deceleration or pressure has been achieved, typically 95 % of maximum value
2Xte equivalent response time multiplied by 2, in s

Higure 1 — Model based on a linear development of the effort from 0 to 1 during a time of 2+t

Thie stopping (vein = 0) or slowing distance can be calculatedsas/set out in Formula (2):

G vi—vi _ae'tf'(ae+4«g~i)
*Ca+gi 2(a,+g-i) 6-(a+y-i)

NOTE1 The equivalent deceleration, ae, does nottake the effect of the gradient into account.

S

(2)

grad =

Fofmula (3) is valid for stopping/slowing-distance calculation with fully established braking forces.
Thie following condition is fulfilled:

Vo —Vin 2(ae +2-1)-t, 3)
where

Sgrad is the stopping/slowing distance on a gradient, in m;
vo is the initial speed, in m/s;

te istheequivalent response time, ins;

ae _<sthe equivalent deceleration (on level track, without considering gradient effect), in m/s?;

G~ ° is the standard acceleration of gravity, in m/s2;

i is the gradient of the track (positive rising/negative falling);
vein is the final speed (= 0 in the case of a stopping distance), in m/s.

NOTE 2  The stopping/slowing distance as calculated by applying Formula (3) will be shorter than calculated
according to the method described in ISO 20138-1:2018, 5.7.4.

4.3.2 Calculation using ISO 20138-1:2018, 5.7.5.1 (step model)
[SO 20138-1:2018, 5.7.5.1, gives Formula (4) for calculations on level track (i = 0) or with gradient.

© ISO 2018 - All rights reserved 3
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t
It uses the model for theoretical response time t, =t +%b as “step” model.

2
m
st : 2
[VO_—.g.l.te] _Vﬁn
m M4yn
— st . .2 y
Sgrad VO.te__—.g.l.te+

2 mgyn 2a

(4)

e

With train resistance and dynamic mass which compensate each other and v, = 0, the formula is

simplified as Formula (5):

gt (-git.)’

Sgrad £V0 te 5 2a, 5)
where

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

Vo is the initial speed, in m/s;

te is the equivalent response time, in s;

Mgt is the static mass, in kg;

Mdyn | is the dynamic mass, in kg;

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

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

de is the equivalent deceleration (on leveltrack, without considering gradient effect), in m/s;

vein | is the final speed (= 0 in the case of a'stopping distance), in m/s.
4.4 Example of calculation

4.4.1 Testresults
This exanjple is based on a lgng train of 1 000 m in “G” position.

As a refetfence for furthepy comparison, the tests realized on the tracks have provided the follow]ng
results fof the stopping distances Stests:

Stopping dlistance-on level track 824 m
Stopping dlistance on a down gradient of 5 %o 885 m
Stopping distance on an up gradient of 5 %o 776 m

The equivalent response time, t. (delay time + 1/2 brake build-up time), derived from the results of the
testsis 15,5s.

The equivalent deceleration without including the effect of the gradient, ae, derived from the results of
the tests is 0,89 m/s2.

4.4.2 Comparison of calculation models with test results

The stopping distances, stests, calculated using Formula (5) (simplified ISO 20138-1 “step model”) are
given in Table 2:

4 © ISO 2018 - All rights reserved
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Table 2 — Stopping distances calculated using step model

2018(E)

Vo g i te e Sgrad Stests Difference
Sgrad VS Stests
km/h m/s?2 mm/m S m/s2 m m %
Level track 100 9,81 0 15,5 0,89 864,0 824 5%
Up gradient 100 9,81 5 15,5 0,89 834,7 776 8%
Down gradient 100 9,81 -5 15,5 0,89 894,0 885 1%
Thle stopping distances, Stests, calculated using Formula (2) (French alternative method) are given in
Table 3:
Table 3 — Stopping distances calculated using French alternative method
Condition Difference
Vo g i te ae Vo2 (ae+2g-i)te Sgrad | Stests | |sgraq Vs
km/h | m/s2 | mm/m s m/s?2 vo |(ae+2g-i)te m m Stests
m/s m/s %
Lgvel track 100 9,81 0 15,5 | 0,89 27,8 >13,8 828,4 824 <1%
Uq gradient 100 9,81 5 15,5 | 0,89 27,8 >15,3 7777 776 0%
D‘L‘”?‘ 100 | 981 | -5 | 155 | 089 | 278 >12,3 885,0 | 885 0%
grjadient

Thle values in the table demonstrate the following:

5.

In
Sta
an
sp
mg
do

Jay

1 General

the simplified “step model” of ISO 20138-1.
to the test results on the track.

Calculation of braking performance implemented in Japan

Japan, the fundamental law is the Railway Operation Actl3l. In addition, the Technical R
ndards on Japanese Railway are published by the Ministry of Land, Infrastructure and
1 Tourism (MALT). The technical regulation consists of ministerial ordinances and approj
pcificationsy Explanatory documents which complement the ministerial ordinances and

cuments are generally used as standards as well as Japanese Industrial Standards (JIS)[4

The stopping distances calculated with the Erench alternative method are shorter than the ones of

The stopping distances calculated withrthe French alternative method are more accurate and closer

egulatory
Iransport
red model
approved

del specifications and help users to interpret these correctly have also been publishied. These

1[Z][8] and

an-Association of Rolling Stock Industries standards (JRIS)[2][€], etc. in Japan.

5.2 Brake ratio for a single vehicle

The brake ratio is used to compare the capability of single vehicles and is used for design assessment.

©lI
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The braking force for a single vehicle can be calculated as set out in Formula (6):

Fiot =

where

Ney) 'Atot "Pc Trot Ttot

Fiot is the braking force, in kN;

(6)

Ncyl
Atot
Pc
Itot
Ntot

The braks

pa

Hc
NOTE

s the number of brake cylinders;

s the area of a cylinder, in m2;

s the brake cylinder pressure, in kPa;
s the total rigging ratio;

s the mechanical efficiency.

ratio for a single vehicle can be calculated as set out in Formula (7:
F

_fwt . ¢.100
ot 9

T3

s the brake ratio for a single vehiclg, in %;

s the braking force, in kN;

s the operational mass ofithe vehicle plus load, in t;

s the standard accelération of gravity, in m/s?;

s the ratio of friction coefficients;

s the frictioncoefficient of applied brake block;

s the friction coefficient of cast iron block (assumed to be 0,15).

The friction coefficient of applied brake block, ua, and the acceptance criteria of the brake ratio

[7)

are

outside thescopeofthisdocumnment:

5.3 Example for brake ratio calculation

In case of a vehicle with a tread brake unit per wheel, as shown in Figure 2, input data are shown in

Table 4.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=d57ff7be4c8400e607d2e4cb0021f5f2

=

= o

ofiifc;

ISO/TR 22131:2018(E)

Figure 2 — A vehicle with a tread brake unit per wheel

Table 4 — Input data

(composite brake block)

Description Symbol | Exampleé Unit
value
Diameter of brake cylinder deyl 0,152 m
Standard acceleration of gravity g 9,807 m/s?2
Total rigging ratio ivdt 3,6 —
Operational mass Mop 31,4 t
Mass per person my 55 l{gr{per-
Number of brake cylinders Ncyl 8 —
Passenger capacity np 153 —
Brake cylinder pressure Pc 303 kPa
Mechanical efficiency (including counter force) Ntot 1,0 —
Friction coefficient of applied brake block —
HA 0,3

Thie braking force of a vehicle can be calculated as set out in Formula (6):

Thle mass of atloaded vehicle can be calculated as set out in Formula 9:

F,.=[(0,152m)? /4 ]8-303kPa-3,6-1,0

tot

Fior =158,4KkN

Mtot =Mop+Np-Mp

[ = N\

M, =31,4t+153-| —— |t
1000

© ISO 2018 - All rights reserved
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M, =39,82t
The ratio of friction coefficients, C, using composite brake blocks can be calculated as set out in
Formula (8):
C= 0,3 =2,0
0,15

In the end, the brake ratio for a loaded vehicle can be calculated as set out in Formula (7):

158,4 kN 2.0-100

54 Equ
In Japan, ¢
Case 1: De

The equiv]
speed are
speed at t
which the
the start g

,82t-9,807 m /s>

%

livalent response time
n equivalent response time is determined as below.
termination based on train speed

alent response time is determined based on train speed. In'this case, the brake command a
measured. In the time series chart shown in Figure 3, thesorizontal line is extended from {
he starting point of the braking. Moreover, another line.is extended from around the speed
deceleration is almost constant. The equivalent response time is decided as the time betwg
f braking and cross point of two extended lines,

Y2

E— _
Y1

Key
Y1 speed
Y2 brake

command

X time,ins

1 equivalent response time

a  Extend the horizontal line from the starting point of the braking.

b Deceleration is almost constant.

Figure 3 — Equivalent response time in case 1 “based on train speed”

nd
he

at
en
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Case 2: Determination based on BC pressure response

:2018(E)

The equivalent response time is determined based on BC pressure response. In this case, it is the time
when the brake cylinder pressure reaches about 60 % to 70 % (typically 63,2 %) of set point from the
starting point of braking.

Ke
Y1
Y2

st

6.

U
lor]
on

6.1
Fo

Y24

Y14

/ I 63,206|100%
|

brake cylinder pressure
brake command
time, in s

equivalent response time

Figure 4 — Equivalent response time in case2¥'BC pressure response”

Stopping or slowing distance calculation methods for some particular rolling

bck in China

1 General

T:[ following has been taken from a Chinese Railway Industry Standard[2l.

il now, some traditional calculation methods have been used for conventional predefined
g trains hauled by locomotive. The numerical parameters given in this traditional method
test data and experience and are used for the vehicle design.

P Definitions, symbols and abbreviations

" the purpose of'this clause, the definitions, symbols and units given in Table 5 apply.

Table 5 — General definitions, symbols and units

units, e.g.
are based

Definition Symbol Unit
Total brake block force of train B kN
DyTmamic brake force Ba RN
Train unit brake retarding force b N/kN
Coefficient independent of speed C1 N/kN
Coefficient dependent on speed Cy-v N/kN
Coefficient dependent on squared speed C3-v2 N/kN
Diameter of brake cylinder d; mm
Hauled mass G t
Standard acceleration of gravity g m/s?2
Gradient (positive rising/negative falling) i %o
Calculation gradient Ij %o

© ISO 2018 - All rights reserved
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Table 5 (continued)

Definition Symbol Unit
Single brake block force/retarding force K kN
Brake force per brake pad of vehicle K kN
Conversion brake force per brake block of train Kn kN
Conversion brake force per brake block of locomotive Ki’l kN
Conversion brake force per brake block of vehicle ](;; kN
Total distance along the curve including the transition curve L, m y\(b

engths q/

Equivalent constant curve length Iy m N}
Transition length lyz1, lyz2 m \‘9
Train overall length I q‘gl/
Number of vehicles n ,(Q‘—
Number of brake blocks nk (‘3\ c
[Number of brake cylinders nlz\%v —
Mass of locomotive | é\ t
Cylinder pressure (« Pz kPa
Brake pipe pressure \Qv p1 kPa
Curve radius &0\.\ R m
Wheel radius %) R mm
Brake pipe pressure drop s\\}‘ r kPa
Mean swept radius of the brake pad on the disg\@}\g m mm
Effective braking distance ‘ ('\\\ ) Se m
Free running distance \l;\'v Sk m
Stopping/slowing distance r:\\b‘ Sy m
Effective braking time R V te S
Free running time ,.\$\ tk S
Braking time (')\} ts S
Running speed ﬁO : 1% km/h
[nitial speed C\\O Vo km/h
Particular spgq@”/ V] ... V2 km/h
Angle of CRW‘E curve sector a °
Service&a}‘e coefficient Be —
Riggi@atio Yz —
@i\ng efficiency N2 —
-Conversion braking ratio of train Yh —
Train conversion brake ratio Ohc —
Conversion brake force per brake block of vehicle 6n kN
Coefficient of adhesion Uz —
Circumference rate L —
Conversion friction coefficient ®h —
Friction coefficient of each type of brake block Pk —
Additional curve resistance Wr N/kN
Basic running resistance for a train wo N/kN
Basic running resistance for a single vehicle w'o N/kN

10 © ISO 2018 - All rights reserved
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6.3 Train resistance retarding forces

6.3.1 Basic running resistance

The basic running resistance for a single vehicle, a)(; , can be calculated as set out in Formula (10).

@, =C,+C,-v+C, -V (10)
where

a)('] is the basic running resistance for a single vehicle, in N/kN;

C1 is the coefficient independent of speed, in N/KkN;

C-v isthe coefficient dependent on speed, in N/KN;
C3-v2 isthe coefficient dependent on squared speed, in N/KN;
1% is the running speed, in km/h.

Table 6 sets out the characteristic coefficients, C1, C, C3, for specific-Chinese vehicles.

Table 6 — Characteristic coefficients for specific Chinese vehicles

. Characteristic coefficient
Vehicle type
C1 Co C3
Electriclocomotives
SS1, SS3 and SS4 2625 0,0190 0,000 320
SS7 1,40 0,003 8 0,000 348
SSg 1,02 0,003 5 0,000 426
6K 1,02 0,003 5 0,000 426
8G 2,55 0,008 3 0,000 212
Diesel locomotives
DF 2,93 0,007 3 0,000 27
DF; 2,98 0,020 2 0,000 33
DF4 (for-freight wagon, 2,28 0,029 3 0,000 178
for passenger coach)
DE4B(for freight wagon, for
passenger coach)
DF4C (for freight wagon)
DFs 1,31 0,016 7 0,000 391
BH-p 225 8-629-3 8;060478
DFg 2,40 0,002 2 0,000 391
DF11 0,86 0,005 4 0,000 218
DFH3 1,96 0,0105 0,000 549
Steam locomotives
JS 0,74 0,016 8 0,000 700
QJ 0,70 0,024 3 0,000 673
a  Coefficients are used when oil tank wagon is coupled with other freight wagons.
b If a train consists of one or several oil tank wagons (not an oil tank wagon trainset),
then the basic running resistance for a single oil tank wagon should be calculated as rolling
bearing wagon.

© ISO 2018 - All rights reserved 11
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Table 6 (continued)
. Characteristic coefficient
Vehicle type
C1 | ) C3
Passenger coaches
21,22 (Vmax = 120 km/h) 1,66 0,007 5 0,000 155
25B, 25G (viax = 140 km/h) 1,82 0,010 0 0,000 145
Single deck passenger coach 1,61 0,004 0 0,000 187
(Vmax =160 km/h)
Double deck passenger coach 1,24 0,003 5 0,000 157
(Vmax =160 km/h)
Freight wagons
Rolling bearing wagon 0,92 0,004 8 0,000 125
(loaded)2
Sliding bearing wagon 1,07 0,0011 0,000 236
(loaded)
Oil tank wagon trainset 0,53 0,012 1 0,000 080
(loaded)b
Empty wagon (fit for all types 2,23 0,005 3 0,000 675
of wagon)
a  Coefficients are used when oil tank wagon is coupled with othér freight wagons.
b If a train consists of one or several oil tank wagons (not an oil tank wagon trainset),
then the basic running resistance for a single oil tank wagon'should be calculated as rolling
bearing wagon.

The basicjrunning resistance of train, wy, is calculated as set out in Formula (11).

wOZ_P-a)(',+G-a)('] dn
P+G
where
wo i9the basic running resistanee\for a train, in N/kN;
P idthe mass of locomotive;in t;
a)(') if the basic running-resistance for a single vehicle, in N/kN;
G i9the hauled mass, in t.

6.3.2 Curve resistance

The curvq resistance depends on curve length and radius as shown in Figure 5. The dimensions of the
curve-ge uu::tl_y are sivcu ]u_y lai}vva_y nrap-

12 © ISO 2018 - All rights reserved
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Key
Ly total distance along the curve including the transition curve lengths, in m
Iy equivalent constant curve length, in m
lyz1, lyz2 transition length, in m
R curve radius, in m
a angle of constant curve sector, in ©
1 track centre line
Figure 5 — Curve lengths
Thie curve resistance of locomotive and train wy can becalculated as set out in Formulae (12),{(13), (14).
a) | Train overall length lower than or equal to equivalent constant curve length, I
600
0 =— (12)
R
b) | Train overall length greater than equivalent constant curve length, .
10,5«
0 =—>2 (13)
Il
or
600 I
0, =—- - (14)
R [
Thie equivalent constant curve length, I, can be calculated as set out in Formula (15).
1
lr :Lr _E'(Iyzl +Iy22) (15)
where
wr is the additional curve resistance, in N/kN;
R is the curve radius, in m;
a is the angle of constant curve sector, in °;
h is the train overall length, in m;
© ISO 2018 - All rights reserved 13
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Iy

Ly

is the equivalent constant curve length, in m;

is the total distance along the curve including the transition curve lengths, in m;

lyz1, lyz2 is the transition length, in m.

6.4 Train brake block force

6.4.1 Total brake block force of train

The total ll)rake block force of train, B, is the sum of single brake block forces, K, applied to the brake blog

a) The total brake block force for a train can be calculated as set out in Formula (16).
where
B idthe total brake block force of train, in kN;
K iJthe single brake block force, in kN;
@k i9the friction coefficient of each type of brake block.
b) The tptal brake block force is calculated using conversion.brake pressure and conversion frict
coefficient.
In order tp simplify the total brake block force calculation process, the conversion calculation meth
can be us¢d. The total brake block force for a train canbe calculated as set out in Formula (17).
B=3l(on- 2Kn) 4
where
B i the total brake block forceof train, in kN;
¢@n 19 the conversion friction coefficient;
Ky, i9the conversion brake force per brake block of train, in kN.
6.4.2 Real friction coefficient
The real friction coefficient of each type of brake block, ¢y, and brake pad can be calculated as set oulf
Formulae(18).to (21).

Kks.

6)

on

od

7)

— Medium phosphorous cast iron brake block

¢, =0,64

K+100 3,6v+100
5K+100 14v+100

)

— High phosphorous cast iron brake block

O =

— Lowf

14

K+100 17v+100

7K +100 60v+100

riction coefficient composite brake block

+0,0007(110-v,) (18)

0,82 +0,0012(120-v,) (19)
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K+500 ' 4v +150
6K +100 10v+150

0, =0,25 +0,0006(100-v,)

High friction coefficient composite brake block

K+200 v+150
4K +200 2v+150

¢, =0,41

where

(20)

(21)

6.4

For

fri
re:

@k is the friction coefficient of each type of brake block;
K is the single brake block force, in kN;
v isthe running speed, in km/h;

vo isthe initial speed, in km/h.

1.3 Conversion friction coefficient

medium phosphorous cast iron brake block, high phosphoreus cast iron brake block
Ction coefficient composite brake block, the conversion frietion coefficient, ¢y, is defined
1 friction coefficient using the single brake block force, K <25 kN.

Thie conversion friction coefficient, ¢p, can be calculated:as set out in Formulae (22) to (26):

Medium phosphorous cast iron brake block

0, =0356>2Y*190 4 6007(110-v,)
14v+100

High phosphorous cast iron brake block

0, =0,37227V190 14 001 2¢120 v,
60v-+100

Low friction coefficient composite brake block

4y + 150
=0,202——2" 410,0006(100—v
n 1006150 ( o)

For high friction coefficient composite brake block, the conversion friction coefficient, ¢y,
with theyeal friction coefficient by the single brake block force, K= 20 kN.

520,322 v+150

« and low
| with the

(22)

(23)

(24)

is defined

(25)

2v+150

For composite brake pad, the conversion friction coefficient, ¢y, is defined with the real friction

coefficient by the brake pad force, K' = 20 kN, which is converted to K at wheel tread.

v+150

_0,358 010
n 2v+150

(26)

The conversion friction coefficient for medium phosphorous castiron [Formula (22)] may be used:

for trains equipped with disc brake and tread brake units up to a speed of 160 km/h;

— for trains consisting of wagons equipped with brake blocks of a mix of medium phosphorous cast

iron, high phosphorous cast iron and/or low friction composite brake blocks.
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6.4.4 Real brake block force

6.4.4.1 Single brake block force for tread brake

The single brake block force, K, per brake block of locomotive and vehicle can be calculated as set out in

Formula (27).

EdZZ.pZ .nZ"J/Z.nZ

4
K= 27
nK .1 n6 ( )
where
K id the single brake block force, in kN;

d, i9the diameter of brake cylinder, in mm;
pz idthe cylinder pressure, in kPa;

nz igthe rigging efficiency;

y, i9the rigging ratio;

n; idthe number of brake cylinders;

nk igthe number of brake blocks.

6.4.4.2 [Brake pad force for disc brake

The brakq force per brake pad, K', of locomotive and vehicle can be calculated as set out in Formula (28).

K'=§Edf-pz-m-n-nz-10’6 (38)

=

if the brake force per brakepad of vehicle, in kN;

QU
N

if the diameter of brake'cylinder, in mm;

if the cylinder préssure, in kPa;

=
N

if the rigging efficiency;

~
N

if the rigging ratio;

-
N

the number of brake cvlinders

[

nz

The single brake retarding force, K, is converted from brake disc to wheel tread can be calculated as set

out in Formula (29).

r
K=".K' 29
R (29)

where
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K isthe single brake retarding force, in kN;
rm is the mean swept radius of brake pad on the disc face, in mm;
R isthe wheel radius, in mm;

K' isthe brake force per brake pad of vehicle, in kN.

6.4.5 Nominal values of rigging efficiency

Taple7 sets out the nominal values of Tigging efficiency 1.

Table 7 — Nominal values of rigging efficiency

Vehicle type Brake equip- Rigging efficiency
ment type
Nz

Locomotive Tread brake 0,85
Passenger coach Tread brake 0,85
Passenger coach Disc brake 0,90
Passenger coach | Tread brake unit 0,90
Freight wagon Tread brake 0,85

6.4.6 Emergency brake cylinder pressure

Taple 8 sets out the emergency brake cylinder pressure for different brake types.

Table 8 — Emergency brake cylinder pressure

Brake pipe pressure
p1

Brake type Load case kPa

500 600
Emergency brake cylinder pressure

kPa
K1 andKy — 360 420
GK Loaded 360 420
Empty 190 420
120 Loaded 350 410
Empty 190 190
103 Loaded 360 420
Empty 196 236
104, L3, GL3 (closed supplementary — 420

reservoir)

Distributor valve for locomotive 450 450

6.4.7 Conversion brake block force

The conversion brake force per brake block, Ky, is calculated as set out from Formulae (30) to (33):

— Medium phosphorous cast iron brake block
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K+100
p=1,8_——"n (30)
5K +100
— High phosphorous cast iron brake block
K+100
L =2,2————. (31)
7K +100
— Low friction coefficient composite brake block
K+500
K, =124——F— (32)
6K +500
— High friction coefficient composite brake block
K+200
K, =1273——— (33)
4K +200
The convdrsion brake force per brake pad, Ky, is calculated as set out in Formula)(34):
K+200
K, =1,145———- (34)
4K +200
where
Ky, i9the conversion brake force per brake block of traim, in kN;
K idthe single brake block force/retarding force, inn KN.
The convqgrsion brake force for different types of locemotives and vehicles have been defined in Tablg¢ 9.
18 © ISO 2018 - All rights reserved
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6.4.8 Conversion braking ratio

The conversion braking ratio of train, 9y, is calculated as set out in Formula (35):

5 - YK, + YK,

= (35)
" (P+G)-g
where
Kl'1 is the conversion brake force per brake block of locomotive, in kN;
Kl: is the conversion brake force per brake block of vehicle, in kN;
P isthe mass of locomotive, in t;
G isthe hauled mass, in t;
g isthe standard acceleration of gravity, in m/s2.
Table 9 — Conversion brake force for locomotive and vehicle in kN
Brake pipe prjessure
p1
Type of locomotive and vehicle KkPa
500 600
Frieight wagon | Marking load (payload) 50 t and Load position 250 280
above (include the thermal vehicle2 with a
load of 40 t), equipped with(GK, Empty position 160 160
120 or 103 brake
Marking load (payload) 50 t and above, equipped with K2 brake 160 190
Marking load (payload) 40 t and (include the thermal vehiclea with 140 170
aload level between 25 tand 40 t), equipped with K2 brake
Marking load (payload) 30 t, equipped with K2 brake 120 140
Four axles 90 110
Guard’s van
Two axles 50 60
(l:;;cssnger I3, GL3 (closed supplementary reservoir), 104 — 330
104 brake, equipped with disc brake unit Single deck passen- — 210
(without tread brake unit) ger coach
Double deck pas- — 200
104 brake, equipped with disc brake unit senger coach
with tread brake unit i - —
( ) Single deck passen 160
ger coach
Equipped with disc brake unit (with tread brake unit),
104 brake (no distinction between single deck coach and double - —
deck coach),
Locomotive Elec.trical loco- $S1, SS3 700 700
motive
SS4 (equipped with high friction coefficiency
brake block) 400 400
a  Freezer/refrigerated vehicle.
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Table 9 (continued)

Brake pipe pressure
p1
Type of locomotive and vehicle
kPa
500 600
SS7 840 840
8G 520 520
6K 920 920
SS8(equipped with powder metallurgy brake 280 280
block)
Diesel locomotive | DF, DFH3 550 550
DF4(for freight wagon and passenger coach),
DF4B(for freight wagon and passenger coach), 650 650
DF4C(for freight wagon) DF8, DF11
ND5 (equipped with high friction coefficiency
brake block) A0 420
ND2 700 700
DF7D (equipped with low friction coefficiency
brake block) 720 720
. 1qJ 650 650
Steam locomotive
JS 600 600
a  Freezef/refrigerated vehicle.

NOTE Table 9 does not indicate the brake block type meditum phosphorous cast iron.

When seijvice brake is applied, the train conversiod brake ratio, Oy, is calculated as set out|in

Formula (B6).
ehc = 9h ’ ﬂc (: 6)

where

Onc i4 the train conversion brake ratio, in kN;
6y 14 the conversion braKe force per brake block of vehicle, in kN;

Be

4 the service brake coefficient.

—-
L
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