INTERNATIONAL
STANDARD

ISO
11157

Second edition
2005-09-15

Road vehicles — Brake lining

assemblies — Inertia dynamometer test

method

Véhicules routiers — Ensembles de garnitures de frein — Méthode

d'essai sur banc dynamométrique a inertie

Reference number
ISO 11157:2005(E)

© ISO 2005


https://standardsiso.com/api/?name=31986c3b629abdcc63a1b2fbb6afa608

ISO 11157:2005(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2005

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=31986c3b629abdcc63a1b2fbb6afa608

Contents

o] =NV o
1 £ T o - P
2 NOIrMAtive refEre@NCEeS ... ... e
3 Terms, definitions and SYMDOIS............ciiiiiiiiic s SO
31 Terms and definitions.........ccoo i (R s
3.2 RS 1] oo =3 S PSPRRRL I e
4 7= o = | . (o S
5 Test equIipMeENt ... B T
6 B =TS o] 3 U [T 0 = S R
7 Test Method.........oo e S e
71 LT 4 T - S S PSR
7.2 Type-0 test (cold performance test).........cccouiiiiiiinriirc s
7.3 Type-l test (fade test)......ccocviiriiiiiiiii e e Y
7.4 Type-ll test (downhill behaviour test) ........ccccoiiiiiicc B,
7.5 Type-lll test (fade test).....ccccrriiiiiiieiii e e e e
8 Assessment of test data and presentation of FESUILS ........ccceveecciccrieniic e
8.1 Legal requirements and evaluation of test resllts..........ccccccmrriiccciceni s
8.2 LI 2= R = O
8.3 Type-l, Type-ll and Type-lll test ............. o0 oo neeneed
8.4 Example of an assesSSmMeNt.............. i
9 Inspection of brake liNiNgs Or PAAS ........ccoii i
Ann]x A (informative) Alternative equations for the calculation of the MFDD................c..cc.u..
Annegx B (informative) Accuracy considerations ..........ccccccriiiiiiiinisini e

ISO 11157:2005(E)

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=31986c3b629abdcc63a1b2fbb6afa608

ISO 11157:2005(E)

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
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Road vehicles — Brake lining assemblies — Inertia
dynamometer test method

1 Scope

This [International Standard specifies a dynamometer test method to homologate alternative\ty
linings (including pads) mounted on original equipment, in accordance with UN-ECE Regulatig
Annex 15.

This

UN HCE Consolidated resolution of the construction of vehicles, R.E.3, Annex 7.

Appligation for approval corresponding to this test method is to be made by’the vehicle manufa

case
accereg

The

2 Normative references

The following referenced documents are indispensable for the application of this documen
refergnces, only the edition cited applies. For-undated references, the latest edition of th
document (including any amendments) applies.

ISO ¢
ISO 1
ISO

UN-H
with 1

3

3.1

For t

3833:1977, Road vehicles~< Types — Terms and definitions

Terms, definitions and symbols

pes of brake

n No. 13-09,

nternational Standard is applicable to road vehicles of categories M, N and\O" (see 3.1) @s defined in

of vehicles of category O the application is to be made by the axle or, brake manufacturer)
dited representative.

alues in square brackets, i.e. [], are taken from UN-ECE Regulation No. 13-09.

11:2003, Road vehicles — Braking -of-@utomotive vehicles and their trailers — Vocabulary

176:1990, Road vehicles — Masses — Vocabulary and codes

CE Regulation No. 13, Uniform provisions concerning the approval of vehicles of categories
egard to braking, incorporating the 09 series of amendments.

Terms and definitions

cturer (in the
br by his duly

t. For dated
b referenced

M, N and O

e PUrpOSes of this r‘lnr\nmnnf’ the +nrme’ definitions and cymhnle gi\lnn n1S0O 61 1, 1ISO 11

6, ISO 3833

and the following apply.

3.141

category M

powe

3.1.2

r-driven vehicles having at least four wheels and used for the carriage of passengers

category N
power-driven vehicles having at least four wheels and used for the carriage of goods

3.1.3

category O
trailers (including semi-trailers)

©I1SO

2005 — All rights reserved


https://standardsiso.com/api/?name=31986c3b629abdcc63a1b2fbb6afa608

ISO 11157:2005(E)

Description

mean deceleration within the time window i resp. j
mean fully developed deceleration (MFDD)
deceleration in dependence of time ¢ resp. T
required accuracy of the MFDD

required accuracy for the measurement of the stopping distance

required accuracy for the measurement of the prescribed speed
rotational inertia

index characterizing all events which can be consecutively allocated te_atime window
with a given duration 4

mass acting on the ground for the wheel(s) under consideration
number of pulses within the time window i

dynamic tyre rolling radius

stopping distance travelled between vy, and v,

distance travelled within the time window i

stopping distance travelled between Vo andw,

stopping distance travelled between Vg and ve

time used as a variable in different,functions

time at the beginning of the evaluation range for a braking action
time window in which values of interest are measured

time at the end of the-evaluation range for a braking action
mean torque within the time window i

time at the-end of a braking action

velocity)of the cooling air

vehicle speed at 0,8 Vp

vehicle speed at 0,1 Vp

mean speed within the time window i

3.2 Symbols
Symbol Unit
d;, d; m/s?2
dey m/s2
d@®),d(T)  mis?
fd J—

/s —

f\/ -

I kg/m?2
i,j —

m kg

n; —

r m

Sy m

S m
Sob m
Spe m

t, T 5

ty 5

14 5

te 5

T, N-m
tg 5

Vair km/h
Vb km/h
Ve km/h
v; km/h
Vimax km/h
Vo km/h
Vi km/h
vy km/h
WS —_—
WV —_—
Wd —_—

2

max. vehicle speed

prescribed vehicle speed

vehicle test speed at initiation of braking

initial speed at beginning of braking for heating procedures with repeated braking
necessary pulse-rate of one revolution for the measurement of the stopping distance
necessary pulse-rate of one revolution for the measurement of the speed

necessary pulse-rate of one revolution for the measurement of the deceleration
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General

The test method described can be applied in the event of a modification of vehicle type resulting from
the fitting of alternative types of brake linings on the original equipment of vehicles which have been approved
in accordance with UN-ECE Regulation No. 13-09.

4.2 The alternative types of brake linings shall be checked by comparing their performance with that
obtained from the brake linings with which the vehicle was equipped at the time of approval and conforming to
the components identified in the relevant information document, a model of which is given in UN-ECE
Regulation No. 13-09, Annex 2.

4.3 [Thetechnicalservice which IS Tesponsibte for conducting approvat testsmay, atitsdiscretion, require

that gomparison of the performance of the brake linings be carried out in accordance with UN-ECIE Regulation

No. 13-09, Annex 4.

4.4 | Application for approval by comparison shall be made by the vehicle manufacturer (in| the case of

catedory O vehicles the application shall be made by the axle or brake manufacturer)or by the manufacturer’s

duly accredited representative.

4.5 | For the purposes of this International Standard, the term “vehicle” means the vehicle tyge which has

been|approved according to UN-ECE Regulation No. 13-09, and for which.the comparison is required to lead

to safisfactory results.

4.6 | The vehicle (or axle/brake) manufacturer shall ensure .that all requirements of UN-ECE Regulation

No. 13-09 for the vehicle (or axle/brake) fitted with the alternative'types of linings are fulfilled.

5 Test equipment

5.1 | Aninertia dynamometer having the characteristics specified in 5.2 to 5.5 shall be used for the test.

5.2 | The dynamometer shall be capable of -generating the inertia specified in 6.1 and have the capacity to

meet|the requirements specified in 1.5,1.6"and 1.7 of UN-ECE Regulation No. 13-09, Annex 4, with respect to

Typetl, Type-ll and Type-lll tests.

5.3 | The brake fitted shall be_identical with that of the original vehicle type. Inconsequential cHanges to the

lining configuration are permitted e.g. chamfers, slots, wear indicators, anti-noise devices).

5.4 | Air cooling, if praovided, shall be in accordance with 6.4.

5.5 | The instrumegntation for the test shall be capable of providing at least the following data:

a) ¢ontinuous.recording of disc or drum rotational speed;

b) rrumber of revolutions completed during a stop, with a tolerance as described in Annex B;

c) stopping time;

d) continuous recording of the temperature measured at the centre of the path followed by the lining or at
mid-thickness of the disc or drum or lining;

e) continuous recording of control line pressure or force during brake application;

f)  continuous recording of brake output torque.

© I1SO 2005 — All rights reserved
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6 Test conditions

6.1 The inertia dynamometer shall be set as close as possible, with a tolerance of + [5] %, to the rotary
inertia which corresponds to that part of the total inertia of the vehicle braked by the wheel(s) under
consideration, according to the following formula:

I=mr? (1)
where m is that part of the maximum mass of the vehicle braked by the wheel(s) under consideration. This
mass shall be calculated from the design braking force distribution for vehicles of categories M and N when
deceleration corresponds to the appropriate value given in 2.1 of UN-ECE Regulation No. 13-09, Annex 4. For

category Ormmrﬂvmm—vﬂw&mrm&mrbrﬁw—mﬂ—mder
, when the vehicle is stationary and loaded to its maximum mass as given in 3.1 of-UN

consideratio LECE

Regulation N
6.2 The in
specified in

tyre.

6.3 Brake

during beddi
recommenda

6.4 Coolin
cooling air flg

Vair =0,

where: v, = v

The cooling air shall be at ambient temperature.

6.5 The s4

7 Testm

7.1 Gene
711 Five
types of bra
number of s3
in the inform

0. 13-09, Annex 4.

itial rotational speed of the inertia dynamometer shall correspond to the véhicle spes
UN-ECE Regulation No. 13-09 Annex 4, and shall be based on the dynamic rolling radius

linings shall be at least 80 % bedded and shall not have exceededZa temperature of 1
tions.

h air may be used, directed perpendicularly to the axis of rotation of the wheel. The velocity
wing over the brake shall be

33v,

bhicle test speed at initiation of braking.

me dynamometer and equipment §hall be used to conduct the tests described in Clause 7.

ethod

al

(or less as agreed with the technical service, but at least three) sample sets of the alterr
ke linings shall be subjected to the comparison test; they shall be compared with the
mple sets, of the original equipment brake linings conforming to the original components ider
btion document for the first approval of the vehicle.

d as
bf the

B0 °C

ng, or alternatively, at the vehicle manufacturer's request, be bedded in accordance with his

Df the

()

ative
same
tified

For category

O vehicles, the information document concerning the appropriate axle or brake type apq

roval

test shall be used as the basis.

7.1.2

in this International Standard and in accordance with the requirements of 7.2 to 7.5.

7.2 Type-0 test (cold performance test)

Brake lining equivalence shall be based on comparison of the results achieved using the test methods

7.21 The brake applications shall be made when the initial temperature is between 50 °C and [100] °C
measured in accordance with 5.5 d).
7.2.2 Brake applications shall be made from an initial rotational speed equivalent to the specified test speed

of the vehicle [see Tables 1 a) and 1 b)]. This test shall consist of at least five stops from the specified speed

© 1SO 2005 — All rights re

served
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and use reasonably spaced increments of input to generate a graph of “braking performance” (measured as
mean fully developed deceleration, or MFDD) versus “input” (force, line pressure, etc.) for each sample. One
measurement shall be at least equal to the specified braking performance [see Tables 1 a) and 1 b)] which will
be used as the “Type-0 test reference value”.

Table 1 — Legal requirements

a) for vehicle categories M and N

3‘2:2;9, m MFDD
km/h m/s?
M1 80 58
M2 60 5,0
M3 60 5,0
N1 80 5,0
N2 60 50
N3 60 50
b) for vehicle category O
Vehicle type Specified test Specified braking Performance
speed Braking rate MFDD
kmh m/s?
O (semi-trailer) 60/40 @ 0,45 4.4
O (full trailer) 60/40 @ 0,50 4,9
O (centre axle trailer) 60/40 @ 0,50 49
@ 40 km/h for cold performance test as comparison for Type-| test.
7.2.3] The MFDD assessed during the cold performance test on the alternative types of brakellinings being
tested for the purpdses of comparison shall be, for the same input, within the test limits + [15] % [of the MFDD
assessed with thereriginal equipment brake linings (see 8.2 and Figure 1).
7.3 | Type=l'test (fade test)

7.3.1—Withrepeatedbraking
The correct input shall generate a deceleration within [3] m/s? to 3,3 m/s2 on the first snub of the heating

procedure and shall be taken from the graph of “braking performance” versus “input’” generated in 7.2.2
(see Figure 2).

7.3.2 Heating procedure with repeated braking (categories M and N)
7.3.21 The brake shall be heated by carrying out the following procedure.

7.3.2.2 The brake shall be cold, i.e. the initial temperature shall be between 50 °C and [100] °C (at the
beginning of the first snub only) measured in accordance with 5.5 d).

© I1SO 2005 — All rights reserved 5
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7.3.23 The initial rotational speed at the beginning of braking should be v;, where v, = [80] % v, but
without exceeding:

— [120] km/h for categories M1 and N1;
— [100] km/h for category M2;
— [60] km/h for other categories M and N.

7.3.24 The input shall be constant and shall generate a deceleration within [3] m/s2 to 3,3 m/s2. It should
remain constant for subsequent snubs (although possibly generating different deceleration levels).

7.3.25 Release the brake when the speed reaches [0,5] v,.

7.3.2.6 mmediately after releasing the brake the speed, v4, shall be regained in the shortest possible
time, allowing at least [10] s to stabilize this speed before initiating the next braking cycle.

7.3.2.7 The next braking cycle shall be initiated [45] s (category M1), [55] s (category N1, M2) or [60] s
(other categqries) after initiating the previous braking cycle.

7.3.2.8 Execute a total of [15] braking cycles (categories M1, N1, M2) at, [20] braking cycles (categories
M3, N2, N3).

7.3.3 Heating procedure with continuous braking (categories 02'and 03)

7.3.31 The brake shall be cold, i.e. the initial temperature:shall be between 50 °C and [100] °C (at the
beginning of the heating procedure) measured in accordance with 5.5 d).

7.3.3.2 The rotational speed shall be equivalent to [40] km/h and kept constant for a period of [153] & (i.e.
time elapsed travelling a distance of [1 700] m) with:-a constant braking torque equivalent to the tprque
required to keep the vehicle speed constant on-‘a 6 % gradient (i.e. [7] % gradient minus [1] % rolling
resistance).

7.3.4 Braking efficiency test with hot brakes (hot braking performance for categories M, N and O)
7.3.41 This hot performance test'shall be carried out under the same conditions as for the Type-0 tgst.

7.3.4.2 mmediately after-Completing the heating procedure, regain the prescribed test speed ip the
Type-0 test [ee Tables 1 a)and 1 b)] in the shortest time possible.

7343 Vithin [60]'s™~ after completing the heating procedure, execute one stop with an [input
correspondir|g to the ‘specified braking performance [see Tables 1 a) and 1 b)].

7.3.4.4 The average of the MFDDs evaluated during the hot performance test of the alternative tyges of
brake liningsltested for the purpose of comparison shall be for the same input_within + [15] % of the avérage

of the MFDDs evaluated with the original equipment brake linings (see 8.3).

7.4 Type-ll test (downhill behaviour test)

7.41 General

7411 This test is required only if, on the vehicle type in question, the friction brakes are used for the
Type-II test.

7.41.2 Brake linings for vehicles of category M3 (except those vehicles required to undergo a Type-IIA
test) and category N3 shall be tested according to the method given in 7.4.2 to 7.4.3.4.

6 © I1SO 2005 — All rights reserved
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7.4.2 Heating procedure for vehicles of categories M3 and N3
The input into the brake shall be equal to that which was used for the basic vehicle test and shall be taken
from the homologation test. The corresponding braking torque shall be applied at a constant rotational speed

equivalent to a vehicle speed of [30] km/h for a period of [12] min (i.e. time elapsed travelling a distance of
[6] km).

7.4.3 Braking efficiency test with hot brakes (hot braking performance for categories M3 and N3)

7431 This hot performance test shall be carried out under the same conditions as for the Type-0 test.

7.4.3[2 Immediately arter completing the heating procedure, regain the prescribed test speed in the
Typet0 test [see Table 1 a)] in the shortest possible time.

7.4.3|3 Within [60] s after completing the heating procedure, execute ones stop with an input
corresponding to the specified braking performance [see Table 1 a)].

7.4.3|4 The average of the MFDD assessed during the hot performance_test of the alternative types of

brake linings tested for the purpose of comparison shall be, for the same input,_within + [15] % of the average
of thg MFDD assessed with the original equipment brake linings (see 8.3).

7.5 | Type-lll test (fade test)

7.5.1] General

This fest is applicable for brake linings/pads for towed vehiclés of category O4.

7.5.2] Test with repeated braking
The gorrect input shall generate a deceleratish”within [3] m/s2 to 3,3 m/s2 on the first snub of the heating

procedure and shall be taken from the graph of “braking performance” versus “input’ generated in 7.2.2
(see Figure 2).

7.5.3| Heating procedure with repeated braking (category 04)
7.5.311 The brake shall be-heated by carrying out the following procedure.

7.5.3|2 The brake-shall be cold, i.e. the initial temperature shall be between 50 °C and [10Q0] °C (at the
beginning of the first:snub only) measured in accordance with 5.5 d).

7.5.3|3 The initial rotational speed at the beginning of braking shall be v, = [60] km/h.

7.5.3}4 The input shall be constant and shall generate a deceleration within [3] m/s2 to 3,3 nj/s2. It should
remajn-constant for subsequent snubs (although possibly generating different deceleration levels).

7.5.3.5 Release the brake when the speed reaches [0,5] v,.

7.5.3.6 Immediately after releasing the brake, the speed v, shall be regained in the shortest possible time,
allowing at least [10] s to stabilize this speed before initiating the next braking cycle.

7.5.3.7 The next braking cycle shall be initiated [60] s after initiating the previous braking cycle.

7.5.3.8 Execute a total of [20] braking cycles.

7.5.4 Braking efficiency test with hot brakes (hot braking performance)

7.5.4.1 This hot performance test shall be carried out under the same conditions as for the Type-0 test.

© I1SO 2005 — All rights reserved 7
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7.5.4.2 Immediately after completing the heating procedure, regain the prescribed test speed in the
Type-0 test [see Table 1 b)] in the shortest possible time.

7543 Within [60] s after completing the heating procedure, execute one stop with an input
corresponding to the specified braking performance [see Table 1 b)].

7.5.4.4 The average of the MFDDs evaluated during the hot performance test of the alternative types of
brake linings tested for the purpose of comparison shall be, for the same input, within £ [15] % of the average
of the MFDDs evaluated with the original equipment brake linings.

8 Assesfment of test data and presentation of results

8.1 Legal[requirements and evaluation of test results

braking system shall be determined by measuring the stopping distance and/or by measuring the MFDD/ That

UN-ECE Ryulation No. 13-09 prescribes in Annex 4, paragraphs 1.1.1 and 1.1.2 that the'performancg of a
means the MFDD is relevant for the inertia dynamometer test method.

The MFDD shall be calculated as the deceleration averaged with respect to distance over the interval vy to v
according to [the following formula:

2 2
g = —eve (3)
2(|Spe —Spb)
where:
Vo is the prescribed vehicle speed;

vp s the vehicle speed at 0,8 vy;
ve s thle vehicle speed at 0,1 vy;
Spp is tffe distance travelled betweenv, and vy;

Spe Is thfe distance travelledbetween v, and ve.

The speed gnd the distancevshall be determined using instrumentation having an accuracy of £ 1 % It the
prescribed speed for the>test. The MFDD may be determined by other methods than the measurement of
speed and distance; inthis case, the accuracy of the MFDD shall be within + 3 %.

Fundamenta| cohsiderations concerning this accuracy are outlined in Annex B by way of example.

In case vy, ve, Spp and Sy are known, Equation (3) must be taken for the evaluation of the test results. Based
only on the principle in this equation for d,,, further equations would appear to be unnecessary since v, and v,
are known as required by the UN-ECE Regulation No. 13-09. Also, measurement of Spe and Spb is quite a
simple distance measurement; however, it may be an advantage to have alternative means of evaluation
which may improve the accuracy of calculation of 4., and may confirm the correct running of the dynamometer.
To this end, further equations are suggested in Annex A.

8.2 Type-0 test

The average MFDD from the results of the different samples shall be calculated for each chosen input (see
Tables 2 and 3 and Figure 1). From these MFDD values, trace a straight line in the “MFDD versus Input
diagram” (see Figure 1). The graph for the alternative type of brake linings shall be within +[15] % of the
graph obtained for the original equipment brake linings.

8 © I1SO 2005 — All rights reserved
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Alternatively, for comparison purposes, the value may be chosen such that it is equal to or greater than the
specified braking performance [see Table 1 a) or 1 b)] with the same input [see Tables 2 and 3)]. The value for
the alternative type of brake linings shall be within + [15] % of the value obtained for the original brake linings.

8.3 Type-l, Type-ll and Type-lll test

8.3.1 Vehicles of category M, N and O4

For each sample generate a separate graph of the “MFDD versus Input’ from the values given in Tables 2
and 3 (see Figure 2). From these graphs take the correct input for the heating procedures and for executing
the stop specified in 7.3.4.3 and 7.4.3.3 or 7.5.4.3.

Calcylate the average of the results of the hot performance tests of the original brake linings(De|the same for
the alternative type of brake linings (see Table 4 and Figure 3).

The gverage values from the Type-l and Type-Il tests shall be compared with the{respective[result of the
original equipment brake linings and shall be within £ [15] %.

8.3.2| Vehicles of category 02 and O3

8.3.2|1 General

For gach sample generate a separate graph of the “MFDD versusvinput” from the values given in Tables 5
and § (see Figure 2). From these graphs take the correct input\for the heating procedures and for executing
the sjop specified in 7.3.4.3 and 7.5.4.3.

Calcylate the average of the results of the hot performangce tests of the original brake linings. Do[the same for
the alternative type of brake linings (see Tables 5 and 6.and Figure 3).

The average values from the Type-l and Type-ltitests shall be compared with the respective|result of the
original equipment brake linings and shall be within £ [15] %.

8.3.2|12 Type-0 test (40 km/h), referénce values for hot performance

For gach sample generate a separate graph from the values shown in Tables 2 and 3 and in the “MFDD
versys input” diagram (see Figure 3).

From| these graphs take the correct input for executing the stop specified in 7.3.4.3.

Calcylate the average (©fythe results of the hot performance tests of the original brake linings. Do|the same for
the alternative type-of brake linings (see Tables 5 and 6).

The qverage values from the Type-I test shall be compared with the respective result of the original equipment
brake linings-and shall be within + [15] %.

8.3.2|3-) Hot performance test

For each sample calculate the average MFDD of the original equipment brake linings with hot brakes
(column 3 of Table 5). Calculate the limits of + [15] % for column 3 of Table 5.

With hot brakes the average MFDD of the alternative type of brake linings (column 3 of Table 6) shall be
within £ [15] % of that of the original equipment brake linings.

8.4 Example of an assessment

8.4.1 Example of an assessment for vehicles of categories M, N and O4

See Tables 2, 3 and 4 and Figures 1, 2 and 3.

© I1SO 2005 — All rights reserved 9
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8.4.2 Example of an assessment for vehicles of categories 02 and O3

See Tables 5 and 6 and Figure 3.

9 Inspection of brake linings or pads

Brake linings or pads shall be visually inspected on completion of the above tests to check that they are in
satisfactory condition for continued use in normal service.

Table 2 — Results of Type-0 test using original equipment material

MFDD [m/s?]
Column No.
Test stop Input 1 2 3 4 R 6
No. Sample No.
Averagg for
1 2 3 4 5 samples
1top
1
2
3
4
5
Table 3 — Results of Type-0 test using the alternative material
MFDD [m/s?]
Column No.
Test stop Input 3 2 3 4 5 6
No. Sample No.
Averagg for
1 2 3 4 5 samples
1top
1
2
3
4
5
10 © 1SO 2005 — All rights reserved
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Table 4 — Results of Type-l, Type-ll or Type-lll test

Hot performance
Original equipment material Alternative material
Sab'l‘;p'e < MFDD MFDD
' el\l;ﬁ:rggce Corresponding [m/s?] Rel\l;ﬁ:rggce Corresponding [m/s?]
[m/s?] input under hot [m/s2] input under hot
conditions conditions
1
B
4
b
Avelage

Maximnum value (average of original equipment material +15 %): ........... % oeeeeienen.

Minimum value (average of original equipment material =15 %): ...CyN i,

© IS0 2005 — Al rights reserved 1


https://standardsiso.com/api/?name=31986c3b629abdcc63a1b2fbb6afa608

ISO 11157:2005(E)

+15 7%

1
2
- 15 %
X
Key
X input
Y braking pgrformancé
1 original equipment'material
2 alternate ||naterial

Figure 1 — Cold performance test: Example of brake performance input diagram for a Type-0 test
(comparison of the results in column 6 in Tables 2 and 3)
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w
\

=~
Y
X

input
MFDD (m/s?)

sample 1

sample 2

required stop MFDD

required MFDD for the heating procedure

results under hot conditions

corresponding input for different samples for the heating procedure
corresponding input for different samples for the stops

Figure 2 — Hot performance test (Type-l/Type-ll/Type-lll) using original equipment material

© I1SO 2005 — All rights reserved
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\

Key

input
MFDD (m/s?)

< X

sample 1

sample 2

required stop MFDD

results under hot conditions (see Table 4)
corresponding input for different samples for the stops

a b WON -

Figure 3 — Hot performance test (Type-l/Type-ll/Type-lll) using alternative material
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Table 5 — Results of Type-l test using the original equipment material

Type-l, Required braking torque / MFDD for the
heating procedure hot performance
Sample No. Column No.
1 2 3 4
Braking torque Corresponding MFDD Corresponding
[N-m] input [m/s?] input

1
2
3
4
5

Average of COIUMN 3 ... e e m/s2

Maximum value (+15 % Of @DOVE) .........ccveveveeiieieeieeeeeeeeeeee e S m/s2

Minimum value (=15 % Of @DOVE) ........ccovvveeeieieieieieeeeeeeeee e Sl e m/s2

Table 6 — Results of Type-l test using the alternative material

Type-l;"Required braking torque / MFDD for the
heating procedure hot performance
Sample No. Column No.
1 2 3 4
Brakingtorque Corresponding MFDD Corrésponding
[N:m] input [m/s?] put
1
2
3
4
5

The average of column 3 shall be within [+ 15 %] of the average of column 3 of Table 5.

© I1SO 2005 — All rights reserved
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Annex A
(informative)

Alternative equations for the calculation of the MFDD

A.1 In case the time ¢, at the speed vy, ¢, at the speed v,, ¢ at the full stop and the braking torques T; are
known (with the help of equation (B.17, Equations A.1 and A.2) can be used:

ts te te 2
‘ZJ.d(t)dt Jd(t) dr + Id(r) dr
) b b
dp = - (A1)
2||(t6 15 j )di— [ [d(z)drdr
b b tp

Using the chordal-trapezoidal formula Equation (A.1) can be transformed to Equation (A.2) which allows the
numerical defermination of d,,,:

2
51 E-1 E-1
22 di+12+di £ x Z di+12+di 'y +[Z di+12+di fd]

do - i=E i=B i=B (A2)
m = . i
5 (fe—fb)SZf 1+1+d Zzl: 1+1+d 2 %di+1+di 2
i=B i=B j=B i=B 2

where the values i =values B, E and S are the pulse count values for the time windows at the times
and £.

=~

b fe

A.2 Under|the assumption that ¢, for a full\stop braking operation is very close to 5 the Equations (A.1)) and
(A.2) can be simplified to:

2
e
jd(r)dt
dp = b (A.3)
te t
2||(te —1p J.dt)dt—J.Id )dzdt
b Ip b
[ dnrd, |
s
dm = = = - (A4)
(RS LRI 39 IR A NEE SRR
i=B i=B j=B i=B 4

This approximation has an advantage in that braking down to actual standstill is not required. This can avoid
the jarring stress on the dynamometer bearings which is caused by the torque impulse which often occurs at
the final cessation of movement. Equations (A.5) and (A.6) also offer this advantage but do not incur any loss
of accuracy such as is the case with Equation (A.3) and (A.4).
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