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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.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publicatiop as an International Standard requires approval by at least 75 % of the membenbodies casting a vote.

Internationjal Standard 1SO 11157 was prepared by Technical Committee ISO/TC 22, Road vehicles, Jubcommittee
SC 2, Braking systems and equipment.
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Road vehicles — Brake lining assemblies — Inertia dynamometer
test method

1 Scops

This Interr

(including pads) mounted on original equipment, in accordance with UN-ECE Regulation No. 13-08, an

This Interrn

Consolidated resolution of the construction of vehicles, RE.3, annex 7.

Application for approval corresponding to this test method is to be made by the véhicle manufacturer (i
vehicles of category O the application is to be made by the axle or brake manufacturer) or by his du

representg

The value$ in square brackets [ ] are taken from UN-ECE Regulation NO. ¥3-08 for information.

2 Normative references

The follow
this Interr]
publicatio
investigatq

undated r¢ferences, the latest edition of the normative document referred to applies. Members of

maintain r
ISO 611:1
ISO 1176:
ISO 3833:

UN-ECE H
regard to |

3 Defini

ational Standard specifies a dynamometer test method to homologate alternative types-of

ational Standard is applicable to road vehicles of categories M, N and O (see, 3:1) as define

tive.

ng normative documents contain provisions which, through reference in this text, constitute

s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate

pgisters of currently valid International Standards.

D94, Road vehicles — Braking-of automotive vehicles and their trailers — VVocabulary.
1990, Road vehicles —Masses — Vocabulary and codes.

1977, Road vehicles— Types — Terms and definitions.

egulation No«13, Uniform provisions concerning the approval of vehicles of categories M,
praking (incofporating the 08 series of amendments).

[ions and symbols

brake linings
hex 15.

d in UN-ECE

h the case of
ly accredited

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

I\ and O with

3.1 Definitions

For the purposes of this International Standard, the definitions given in 1SO 611, 1SO 1176, 1SO 3833 and the
following definitions apply.

3.11

category M
power-driven vehicles having at least four wheels or having three wheels when the maximum mass exceeds 1t,
and used for the carriage of passengers [UN-ECE Regulation No. 13-08]
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3.1.2

category N

power-driven vehicles having at least four wheels or having three wheels when the maximum mass exceeds 1t,
and used for the carriage of goods [UN-ECE Regulation No. 13-08]

3.1.3

category O

trailers (including semi-trailers) [UN-ECE Regulation No. 13-08]
3.2 Symbols

For the purpgses of this International Standard, the symbaols given in Table 1 apply

Table 1 — Symbols

Symbol Unit Description
I kg-m2 Rotational inertia
r m Dynamic tyre rolling radius
m kg Mass
v km/h Speed
1 km/h Initial speed atthe initiation of
braking
n — Number0f revolutions
No — Number of revolutions until stop
Th N-m Braking torque averaged over
number of revolutions
The N-m Calculated braking torque
averaged over number of
revolutions
Ty N-m Braking torque averaged over time
Tic N-m Calculated braking torque
averaged over time
T(n) N-m Measured braking torque as a
function of revolutions
T(t) N-m Measured braking torque as a
function of time
t, 1 S Time
tg s Stopping time
o I/'s Initial angular speed
«(t) I/'s Measured angular speed as a

function of time

4 General

4.1 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. 13-08.
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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. 13-08,
annex 2.

4.3 The technical service which is responsible for conducting approval tests may, at its discretion, require
that comparison of the performance of the brake linings be carried out in accordance with UN-ECE Regulation
No. 13-08, annex 4.

4.4 Application for approval by comparison shall be made by the vehicle manufacturer (in the case of category O
vehicles the application shall be made by the axle or brake manufacturer) or by his duly accredited representative.

4.5 For the purposes of this procedure, the term “vehicle” means the vehicle type which has (Been approved
according to UN-ECE Regulation No. 13-08 and for which the comparison is required to lead to satisfagtory results.

4.6 The yehicle (or axle/brake) manufacturer shall ensure that all requirements of UN-ECE\Regulatipn No. 13-08
for the veljicle (or axle/brake) fitted with the alternative types of linings are fulfilled.

5 Test gquipment

5.1 Aningrtia dynamometer having the characteristics specified in 5.2 to 5:5 shall be used for the test
5.2 The gqynamometer shall be capable of generating the inertia specified’in 6.1, and have the capacity to meet the
requiremets specified in 1.5 and 1.6 of UN-ECE Regulation No. 13-08, annex 4, with respect to typel | and type Il
fade tests

5.3 The brake fitted shall be identical with that of the original*vehicle type. Inconsequential changeq to the lining
configuration are permitted (i.e. chamfers, slots, wear indicators, anti noise devices etc.).

5.4 Air cqoling, if provided, shall be in accordance with 6.4.
5.5 The ipstrumentation for the test shall be capable of providing at least the following data:
a) contifjuous recording of disc or drum,rotational speed;

b) numbgr of revolutions completed_during a stop, with a tolerance equal to or better than ong eighth of a
revolytion;

c) stopp|ng time;

d) contifquous 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) contirfjous,recording of control line pressure or force during brake application;

f)  contirluous recording of brake output torque

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:

| =mr2
where mis 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. 13-08, annex 4. For category O
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vehicles the value of mis that of the mass acting on the ground for the wheel(s) under consideration, when the
vehicle is stationary and loaded to its maximum mass.

6.2 The initial rotational speed of the inertia dynamometer shall correspond to the vehicle speed as specified in

UN-ECE Reg

ulation No. 13-08 and shall be based on the dynamic rolling radius of the tyre.

6.3 Brake linings shall be at least 80 % bedded and shall not have exceeded a temperature of 180 °C during

bedding, or
recommendal

alternatively, at the vehicle manufacturer's be bedded in accordance

tions.

request,

with his

6.4 Cooling air may be used, directed perpendicularly to the axis of rotation of the wheel. The speed of the cooling

air flowing o

er the brake shall be in accordance with the vehicle manufacturer's recommendations an

by the techni

The cooling air shall be at ambient temperature.

6.5 The san

7 Test meg
7.1 Generd

7.1.1 Five (
brake linings|

sets of the ¢riginal equipment brake linings conforming to the ariginal components identified in the i

document fo

For category

be used as the basis.

7.1.2 Brakellining equivalence shall be based on comparison of the results achieved using the test meth
International [Standard and in accordance with the,requirements of 7.2 to 7.4.

7.2 Type O|test (cold performance test)

7.2.1 The |orake applications shall be made when the initial temperature is between 5

[100] °C mea

7.2.2 Brake
vehicle (see
spaced incre
versus “input
braking perfd

cal servicel).

ne dynamometer and equipment shall be used to conduct the test described in clause 7.

thod

1

Dr less as agreed with the technical service, but at least three) sample sets of the alternativ
shall be subjected to the comparison test; they shall be.compared with the same number

the first approval of the vehicle.

O vehicles the information document concerning the appropriate axle or brake type approva

isured in accordancé-with 5.5 d).
applications shall be made from an initial rotational speed equivalent to the specified test sy

ments ofdnput to generate a graph of “braking performance” (force, torque, or derived valu
" (forcesline pressure etc.) for each sample. One measurement shall be at least equal to th
rmance (see Table 2) which will be used as the “type 0 test reference value”.

20 oAl o

approved

e types of
of sample
hformation

| test shall

ods in this

0 °C and

eed of the

Table 2). This test shall consist of a least five stops from the specified speed and use feasonably

s thereof)
b specified

£+l
U Ul uic

maximum

In addition, t
speed of the

ES Laoll 1 L el + + +ot: 1 2l H 1 + 4 L 1 0 Al
S5 3TTAIT AISU VT LAt U ouT At TutadtivuTar SpTTuUus TUUivarcTittoU ToUT 70 dimfu TOU]

vehicle of categories M and N.

DA change of cooling air velocity which reflects the industry’s viewpoint has been presented for approval to the GRRF. This
modification would increase the velocity from the prescribed constant 10 km/h to a value of 0,3 V, where V is the starting speed
of the test. However, approval for this proposal was still pending at the time of publication of this International Standard

4
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Table 2 a) — Legal requirements for vehicle categories M and N
Vehicle category Specified test speed Specified braking
performance
km/h m/s2
M, 80 58
M, 60 5
M, 60 5
N 80 5
N, 60 5
N, 60 5
Table 2 b) — Legal requirements for vehicle category O
Vehicle type Specified test speed Specified’braking rate
km/h
O (semi-trailer) 60/402 0,45
O (full trailer) 60/402 0,5
O (centre axle trailer) 60/402 0,5
@ 40 km/h for cold performance test as comparison for type 'l test and for hot performance test after
heating in type | and type Il tests.
7.2.3 The braking torque assessed during the cold‘performance test on the alternative types of brake|linings being
tested for [the purposes of comparison shall be~for the same input, within the test limits + [15] % of the braking
torque asdessed with the original equipment prake linings (see 8.2).
7.3 Typ4q | test (fade test)
7.3.1 With repeated braking
The corregt input shall generafe’a deceleration within [3] m/s? to 3,3 m/s2 on the first snub of the heatihg procedure

and shall e taken from the ‘graph of “braking performance” versus “input” generated in 7.2.2.

7.3.2 Heg

The brake

ting proceduré with repeated braking (categories M and N)

shall be-heated by carrying out the following procedure.

7321 T

né-hrake shall be cold, i.e. the initial temperature shall be between 50 °C and [100] °C (at tpe beginning

of the first

snub only) measured In accordance with 5.5 d).

7.3.2.2 The initial rotational speed at the initiation of braking should be v;, where v; = [80] % Va4, but without

exceeding

O [120] km/h, for categories M, and N;

0 [100]

km/h, for category M,;

O [60] km/h, for other categories M and N.

7.3.2.3 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).
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7.3.2.4 Release the brake when the speed reaches [1/2] v;.

©1SO

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

7.3.2.6 The next braking cycle shall be initiated [45] s (category M), [55] s (category N;, M,) or [60] s (other
categories) after commencing the previous braking cycle.

7.3.2.7 Execute a total of [15] braking cycles (categories M4, N;, M,) or [20] braking cycles (categories M3, No,

N3).

7.3.3 Heatin

g procedure with continuous braking (category O)

The brake sh

all be heated by carrying out the following procedure.

7.3.3.1 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 travglling a distance of [1 700] m) with a constant braking torque equivalent-to.the torque requirgd 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 catégories M, N and O)

7.3.4.1 Thiq hot performance test shall be carried out under the same conditions as for the type O test.

7.3.4.2 Imnlediately after completing the heating procedure, regain“the prescribed test speed in the type 0 test
(see Table 2] in the shortest time possible.

7.3.4.3 Within [60] s after completing the heating procedurg; ‘execute one stop with an input correspongling to the

specified bra

king performance (see Table 2).

7.3.4.4 The|average of the braking torques evaluated during the hot performance test of the alternatie types of
brake linings|tested for the purpose of comparisen:shall be, for the same input, within + [15] % of the avefage of the
braking torques evaluated with the original equipment brake linings (see 8.3).

7.4 Type llftest (downhill behaviour test)

7.4.1 Genergl

7.4.1.1 Thidtest is required only'if, on the vehicle type in question, the friction brakes are used for the typge Il test.
7.4.1.2 Brake linings for vehicles of category M3 equal to or less than 10t, for vehicles of category N3 and for
vehicles of category Qg shall be tested according to the method given in 7.4.2 to 7.4.4.

7.4.2 Heatirjg procedure for vehicles of categoriesM 3 and N3

The input intb-the-brake-shal-be-equal-teo-thatwhich-was-used-fer-the-basie-vehicle-test—Fhe-eorrespending 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 Heating procedure for vehicles of category O 4

The rotational speed shall be equivalent to [30] km/h and kept constant for a period of [12] min (i.e. time elapsed
travelling a distance of [6] km) with a constant braking torque equivalent to the torque required to keep the vehicle
speed constant on a 5 % gradient (i.e. [6] % gradient minus [1] % rolling resistance).

7.4.4 Braking efficiency test with hot brakes (hot braking performance for categories M 3 Nz and O,)

7.4.4.1 This hot performance test shall be carried out under the same conditions as for the type O test.
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7.4.4.2 Immediately after completing the heating procedure, regain the prescribed test speed in the type 0 test
(see Table 2) in the shortest time possible time.

7.4.4.3 Within [60] s after completing the heating procedure, execute one stop with an input corresponding to the
specified braking performance (see Table 2).

7.4.4.4 The average of the braking torque assessed during the hot performance test on 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
braking torques assessed with the original equipment brake linings (see 8.3).

8 Assessment of tact data and nracantation of raciilte
SSHehRtoHtestaataaha-presetatdoR-oHesStis

8.1 Fornpulae for the calculation of braking torque
The braking torque showing the equivalence of the original equipment brake linings andithe alterngtive types of
brake linings can be calculated by one of the following formulae:
a)
i "o
Th :——J'T(n)dn
Mo 4
1
=1+—[T(t) x w(t)dt
Znnof (1) x w(t)
0
b)
w to 1 1) t
_| %o
Tl =t——1(|T@ |dt——— [ | T(t T(7) rdr xdt
| Ta Zmojl ® | anojl O [ 7@
0 0 0
c)
1]°
T =— J’ T(t) dt
to
0
d)
1ES w(z)
The =
4nng
e)
| k@
Tic = T y
0

The chosen formula shall be used for the assessment of the results of the complete comparison test.
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8.2 TypeO

test

©1SO

The average braking torque from the results of the different samples shall be calculated for each chosen input (see
Tables 3, 4 and Figure 1). From these average braking torque values, trace a straight line in the “braking
performance"/"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.

Alternatively, for comparison purposes, the value may be chosen such that it is equal to or greater than the
specified braking performance (see Table 2) with the same input (see Tables 3 and 4). The value for the alternative

type of brake linings shall be within + [15] % of the value obtained for the original equipment brake linings.

8.3 Typel
8.3.1 Vehicl

For each sar
and 4 (see H
stops specifi¢

Calculate theg
same for the

The average
equipment b

8.3.2 Vehicl

8.3.21 Typj

For each s
performance

From these g

Calculate theg
same for the

The average
equipment b

8.3.2.2 Hot

For each sa
(column 3 of

With hot bra
within + 15 9

nd tvne |l test
J

bs of categories M and N
nple, generate a separate graph of the "braking performance"/"input" from the values given i
igure 2). From these graphs, take the correct input for the heating procedures\and for exg
bd in 7.3.4.3 and 7.4.4.3.

average of the results of the hot performance tests of the original ggquipment brake linin
alternative type of brake linings (see Table 5).

values from the type | and type Il tests shall be compared with the respective result of t
ake linings and shall be within + [15] %.

es of category O

0 test (40 km/h), reference values for hot performance

mple, generate a separate graph from the values shown in Tables 3 and 4 and in th
/"input" diagram (see Figure 3).

raphs, take the correct input for executing the stops specified in 7.3.4.3 and 7.4.4.3.

average of the results of the hot performance tests of the original equipment brake linin
alternative type of brake linings)(see Tables 5 and 6).

values from the type | and type Il tests shall be compared with the respective result of t
ake linings and shall be within + [15] %.

berformance test

mple, calculate the average braking torque of the original equipment brake linings with
table 6 fof type | or type Il). Calculate the limits of £ 15 % for column 3 of Table 6.

esthe average braking torque of the alternative type of brake linings (column 3 of Table

h Tables 3
cuting the

js. Do the

ne original

e "praking

js. Do the

ne original

not brakes

/) shall be

ofthat of the original equipment material.

8.4 Examp

le of an assessment

8.4.1 Example of an assessment for vehicles of categories M an N

See Tables 3, 4, 5 and Figures 1 and 2.
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Table 3 — Results of type 0 test using the original equipment material

ISO 11157:1999(E)

Braking torque
N-m
Column No.
3 4 6
Sample No.
Test Average
stqp Input 3 4 for
No. spmples
1to5
]
2
4
[=
Table 4 — Results of type 0 test using the alternative material
Braking torque
N-m
Column No.
3 4 6
Sample No.
Tefst Average
stqp Input 3 4 for
No. spmples
1to5
1
4
4
5



https://standardsiso.com/api/?name=84d73aa6f5822e9d6e835284008e4b13

ISO 11157:1999(E)

Table 5 — Results of type l/itype Il test

©1SO

Hot performance
Sample Original equipment material Alternative material
No. Reference Corresponding Torque Reference Corresponding Torque
torque input under hot torque input under hot
conditions conditions
1
2
3
4
5
Average

Maximum value (average of original equipment material + 15 %): ...y

Minimum valpie (average of original equipment material — 15 %): .....oovoeeo¥riviiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeee

10
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+ 15 %

Braking pgrformance

Original equipment material

-15%
Alternative material

Input

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 3 and 4)

11
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Braking forque, N-m

Sample 1

Re
for

Required stop
braking torque

quired braking forgue
he heating procedure

Sample 2

Results under
hot conditions
(see table 5)

Corresponding input for

Corresponding input for

Inp

different samples for
the heating procedure

different samples for
the stops

Figure 2 — Hot performance test (type |/type II) using original equipment material

©1SO
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Sample 1 /

Br3king forque, N-m

Required stop
braking torgue

Sample 2

Results under
hot conditions
(see table 5)

Input

Corresponding input for
different samples for

the stops

Figure 3 — Hot performance test (type I/type Il) using alternative material

13
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