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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
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Introduction

This International Standard applies to complete vehicles and not to endurance braking systems on their own.

Depending on the available test facilities the vehicles equipped with endurance braking systems shall be
tested for type approval using one of the following types of tests:

Outdpor tests

— [Downhill vehicle test (see Clause 6)
— VYehicle drag test (see Clause 7)
Indogr test (see Clause 8)

— Dynamometer vehicle test

All three tests are evaluated from downhill braking manoeuvres)and are to different degrpes gradient
simulation tests.

© I1SO 2006 — All rights reserved \4
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INTERNATIONAL STANDARD ISO 12161:2006(E)

Road vehicles — Endurance braking systems of motor vehicles
and towed vehicles — Test procedures

IMPORTANT — When using this International Standard, care should be taken to ensure that changes
have|not subsequently been adopted that affect the test methods or values given.

1 $cope
This [International Standard specifies methods for testing the endurance braking systems of vehicles of
catedgories M N and O (excluding M1, N1, O1 and O2) which are designed to-ecomply with ECE{R 13/09 with
supplement 1 to 6. The values given in square brackets are taken from ECE’Regulation No. 13 fqr information.

All endurance test procedures are based on the principle of equivalent energy absorption andl procedures
which are not suitable to support this principle are not considered.

The principle of equivalent energy allows the base test parameters to be adapted to the variatigns occurring
undef real conditions compared to theoretical values.

NOTE Typical sources are:
— The variation of the gradient of downhill test track or

—  The variation of retarding force during drag tests or indoor test.

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

ISO 611: 2003, Road vehicles — Braking of automotive vehicles and their trailers — Vocabulary

ISO 1176: 1990;\Road vehicles — Masses — Vocabulary and codes

ISO 3833: 1977, Road vehicles — Types — Terms and definitions

1SO , . __ . . _ . G
ECE Regulation No. 13, Uniform provisions concerning the approval of vehicles with regard to braking,
incorporating the series 09 with supplements 1 to 6

3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1ISO 611, ISO 1176 and 1SO 3833 and
the following apply.

© I1SO 2006 — All rights reserved 1
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3.1
vehicle cate
as defined in

3.2

2006(E)

gories
ECE R.E.3, the Consolidated Resolution on the construction of vehicles:

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

endurance braking system
total of all devices of a vehicle which enable the driver to reduce the speed or to transverse a long descent at

nearly a cons

NOTE1  Ar

control dg
transmiss
retarder(§
energy d
auxiliary
NOTE2 Al

3.21
types of corn

3.211
independen
device which

3.21.2
integrated ¢
device applig

3.21.3

tantspeed-without the use of the—service brake

endurance braking system may contain one or more retarder(s), and may include:

energy sUipplying means;

bvice(s);

ion means;

~

ssipation device(s);
Hevice(s).

retarders are new and fully burnished according to the supplier recommendations.

trol device used in endurance braking.system

t control device
controls the endurance braking system independently from the service braking system

pntrol device
d simultaneouslywith the service braking systems or with a suitably phased operation

vehicle speed control device

device which
braking syste

allowssariearly constant vehicle speed by automatic operation and modulation of the endu
m

3.214
cut-out devi

ce

category M: power-driven vehicles having at least four wheels and used for the carriage of passengers;

ance

device which allows to apply the service braking system alone or to use the vehicle speed control without

actuating the
NOTE

3.2.2
retarder

endurance braking system

This is a combined control device.

energy transformation device used to provide braking effort allowing control of vehicle speed independently of

or as a suppl

ement to the friction brakes

© I1SO 2006 — All rights reserved
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3.2.21
categories of retarders

32211
primary retarder
retarder located on the drive train of a motor vehicle at the engine side of the gearbox (torque converter)

3.2.21.2

secondary retarder

retarder located on the drive train of motor vehicles between the gearbox (torque converter) and the drive
axle(s)

NOTH Retarders can be connected to non-driven axles and are also classed as secondary retarders.

3.221.3
other retarders
retardlers which are not categorized in 3.2.2.1.1 or 3.2.2.1.2 (e.g. aerodynamic retarders)

3.2.2|12
types of retarders

3.2.2]2.1
combustion engine retarder

3.2.212.11

engine braking
mear)s whereby the engine drag resulting from the reduction of the fuel input and the throttling ofthe induction
air supply whilst the engine is linked to the driving wheels retards the vehicle (see §55.3.1.3.1 of
ISO 611:2003)

3.2.2]12.1.2

engine retarder
mechanism in which an increased retarding effect is obtained by changing the valve timing to|increase the
internal resistance (drag) of the engine (see 5.5.3.1.3.2 of ISO 611:2003)

3.2.2|121.3

exhaust retarder
mechanism in which an nereased retarding effect is obtained by blocking the flow of the exhaust gas to
incregase the internal resistance of the engine (see 5.5.3.1.3.3 of ISO 611:2003)

3.2.2]2.2

electric traction'motor retarder
mechanism.in\which the electric traction motor, linked to the driving wheels, exercises a retarding|effect on the
moving vehiele, for example, by functioning as a current generator (see 5.5.3.1.3.4 of ISO 611:20D3)

3.2.212.3
hydraulic retarder
retarder in which a retarding effect is obtained by the action of liquid on rotating/pumping components linked
to one or more wheels

3.22.231
hydrodynamic retarder
hydraulic retarder in which the power absorption is based on the principle of specific kinetic energy of a fluid

3.2.2.2.3.2

hydrostatic retarder
hydraulic retarder in which the power absorption is based on the principle of specific kinetic energy of a fluid

© I1SO 2006 — All rights reserved 3


https://standardsiso.com/api/?name=1d229e36c9ef020eac293dc08fe529fd

ISO 12161:2006(E)

3.2.2.2.4
electric retarders

3.22241

electromagnetic retarder

retarder in which a retarding effect is obtained by the action of an electromagnetic field on a rotating
component (eddy current, hysteresis) linked to one or more wheels

3.22.24.2
permanent-magnetic retarder
mechanism ip—which-a—retarding-effectisobtatred-by-theaction-ef-apermanent-magnretiefield-en—a—refating

component (gddy current, hysteresis) linked to one or more wheels

3.22.25
regenerative braking retarder
any type of retarder which recovers the vehicle’s kinetic energy through the braking torqug, in. order to rgstore
it to a vehiclg energy reservoir

3.22.26
aerodynamif retarder
mechanism in which a retarding effect is obtained by causing an increase in the air resistance, for exampje, by
the deploymént of movable surfaces

[1SO 611:2043]

3.3
vehicle loading

3.31
laden vehicle
vehicle ladep to its maximum technically permisSible mass as specified by the vehicle manufacturef and
acknowledgdd by the technical services

34
energy

3.41
dissipated gnergy
amount of enjergy dissipated-through braking during any braking operation of a vehicle or vehicle combirjation
taking into agcount a relling resistance of 1 % of g

Wiiss = IV,

pot’ Wrr

Woot = mMXgXAH

W :mxgx[ AH ><0,01j
tana

3.4.2

equivalent energy W, |

energy of a vehicle dissipated while braking downhill when this dissipated energy is equivalent to that
dissipated in the same period of time with the vehicle driven at an average speed of 30 km/h on a [6 %]
down-gradient for a distance of [6 km]

Wequil = Waiss 1 = f(tana = 6 %,1 = 6 km)

4 © I1SO 2006 — All rights reserved
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4 Symbols and abbreviated terms

For the purposes of this International Standard, the symbols given in Table 1 apply.

Table 1 — Symbols

ISO 12161:2006(E)

o angle of the down gradient (from the horizontal) rad
am mean deceleration m/s’
dm mean fully developed deceleration m/s?
iy wheetbase m
F towing force N
Fee rolling resistance N

/ length of the test “track” or equivalent m, km
I modified length of the test “track” or equivalent m, km

m mass of the vehicle or vehicle combination kg
M torque, braking torque, driving torque of dynamometer Nm
m',m" modified mass kg

N number of measurement samples -

P power w
Pret retarding power resp. braking power w
Py dissipated power due to the rolling resistarce while braking Nm/s or W

r radius m

t time s

T duration of the test s
Treq required duration of the test S

tan o gradient of the dowfi:slope %
an o average gradient of the downhill test road %
an oy, modified average gradient of the downhill test road %

v vehiclé-speed m/s
Vaver average speed m/s
Vreq required test speed m/s
v, modified vehicle speed m/s
Waiss dissipated energy while braking Nm or W
Wpot potential energy while downhill braking Nm or W

W dissipated energy due to the rolling resistance while braking Nm or W
AH difference of altitude m
AH', AH" modified difference of altitude m

© I1SO 2006 — All rights reserved
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5 General test conditions

5.1

5.1.1 Wind

Ambient conditions

speed

The tests shall be performed when there is no wind liable to affect the results.

5.1.2 Air temperature

The air temp

5.1.3 Road

Any test roac
coefficient of]

erature sthatt-beotedmthetestreport:
surface condition

shall be smooth, hard-surfaced and free of loose material, and thereby provide'@sufficient
adhesion to prevent excessive wheel slip.

5.2 Test gite

Any test site
testing envirg

The length o
of £1,0 %.

5.3 Vehic

5.3.1

The test veh
additional ing

All the instry

should be of adequate size and length and without obstacles; and be able to provide a
nment.

the test track shall be established by suitable means of distance measurements with a tole

e preparation

Instrimentation

icle (and the towing vehicle if approptiate) shall be prepared for testing by the installati
truments and/or calibration of the gxisting standard vehicle instruments, as required.

ments shall be checked to ensure correct function and, with the vehicle stationary on th¢

surface, all the instruments shall be set.

The instrums

5.3.1.1

If the record
wheel slip sh

ntation shall be able.to_measure the following parameters.

Vehicle speed

ng of the-vehicle speed is required, a separate speed measuring device independent o
all be used!

5.3.1.2

peak

safe

ance

bn of

b test

f any

Dlilration of the test

The duration

5.3.1.3

of the test shall be measured by means of a chronometer or electronic timing equipment.

Engine speed

For monitoring the permissible engine speed, the instrument on the dashboard is sufficient.

5314

Temperatures

For surveying the permissible temperature of the engine cooling system the instrument on the dashboard is

sufficient.

Separate temperature measuring means shall be used when stabilized operating conditions are required.

© I1SO 2006 — All rights reserved
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5.3.1.5 Towing force
The towing force during the drag test shall be measured by means of a strain-gauged and calibrated towing

link/coupling, and the measuring system shall provide a visible reading and a signal for producing a
permanent force record.

5.3.2 Verification and calibration of the measuring instruments
Prior to the test check that:

— the vehicle instruments such as the tachograph, the engine revolution-counter and the coolant
Iwermometer work properly;

separate distance and speed measuring system and the chronometer work properly;

— other sensors such as the towing link sensor system are calibrated and registered!
5.3.3| Vehicle to be tested

5.3.3]1 Vehicle
Techpical data of the test vehicle or vehicle combination shall be reCorded according to Annex A.

At the beginning of the test, the normal operating temperature of the engine according to the operator’s
manyal shall be reached.

5.3.3]12 Endurance braking system

For ¢valuation of the test results, the technical“specification of the endurance braking sysfem shall be
recorded according to Annex A.

The endurance braking system shall bein proper working condition and ready for operation. This includes
makipg sure that the normal operating” temperatures according to the manufacturer's specffications are
reached.

The [nstructions of the endurance braking system manufacturer (see operating instructions ¢f endurance
braking system) shall be taken‘into account.

5.3.3]3 Towing vehicle

The fowing vehigle shall be able to pull the test vehicle or vehicle combination during the whole test with a
nearly constant/speed as required. Gear changing shall be limited to a necessary minimum. It shall be
possipble toreommunicate with the driver of the test vehicle by either visual or audible means.

6 Downhill test

6.1 General

The basic requirement of the downhill test is that the dissipated energy shall be equal to the equivalent energy
according to ECE-R 13 Annex 4.

© I1SO 2006 — All rights reserved 7
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6.2 Downhill test track

6.2.1

General

The downhill test may be made on any quiet road where the average gradient and length satisfy the required
values (e.g. 6 % and 6 km according to UN-ECE Regulation 13 or variations thereof according to 6.4).

However, th

e local gradient is not required to be strictly constant but may vary along the test road.

6.2.2 Altitude difference

The differen

altitude meay

6.2.3 Grad

The average
end of the te

tana,,

e in altitude between two points along the test track shall be determined by suitable mea

ns of

urements with a tolerance of + 0,5 %.

jent of test road

gradient of the downhill test road is the difference of the altitudes between the beginning an
5t track divided by the distance between those points.

H

)

6.2.4 Perniissible tolerance of local gradient along the test track

The local grg

6.2.5 Spec|

A downhill rd

dient tan o, along the test road may vary + 50 % of tai @ ,.

fic local characteristics of a realistic downhill test road

ad including a maximum of five curves or temporary obstacles, requiring a short and signi

speed reducfion but not below 10 km/h, is allowed as.atest site. These conditions permit correction as s

in 6.4 to be Vv

6.3 Norm

The following

length o
gradient
test spe

loading

alid.

Al test parameters
regular test parameters arg:
the test road,;
of the test road;

ed; and

condition — laden.

d the

ficant
tated

The parameters-given in Table 2 shall be taken from the values given by Regulation 13 and shall be used

basis for the

test.

as a

© I1SO 2006 — All rights reserved
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Table 2 — Regular test parameters given by Regulation 13

ECE-R 13 Speed | Gradient (tanc)| Distance Rolling resistance
Annex 4 km/h % km %

Type Il 30 6 6 1

Type lIA 30 7 6 1

The normal duration of the test is 12 min, calculated from speed and distance.

The
follow

Jifference of altitude of the downhill test road may be calculated using the values of Tal
ing formula:

MH =/tana

The mass of the vehicle or the vehicle combination to be tested shall be specified by the applica

to thq

6.4

6.4.1

required loading condition.
Determination of specific test parameters

General

The test parameters, such as speed, gradient, mass, etc., shall\be determined according to the re

of the
differ|
comh
there

6.4.2

available test track in order to conduct the tests alternatively on downhill test sites with gra

inations of parameters may be altered as set out in the following clauses. The calculation
pf shall be documented.

application of the service braking system

For 4
short
follow

— |
¢

A
q

6.4.3

test road with a number of narrow curves or temporary obstacles which require an additi
use of the service braking system as specified in 6.2.5, the test parameters shall be con
S:

For each significant speed reduction by using the service braking system the length of the te

be extended in advance such that the difference in altitude shall be increased by 7 m.

uration of the test-and the distances travelled shall be extended according to 6.5.2.2.2 or 6.4

\s an alternative to the extension of the length of the test road, the mass of the vehic
ombination may be increased in order to add the corresponding amount of energy (see 6.4.

Adjustment of mass to compensate for a difference of altitude

le 2 and the

nt according

al conditions
dients which

from those of Table 2. Based on the principleof equivalent energy, the specific parameters or

5 and results

Required adjustment of altitude and duration of the type IIA test to compensate for a short

bnal but brief
pensated as

st track shall
The required
p.2.2.3.

e or vehicle

).

If the available test road provides the prescribed length but not the prescribed gradient and thus a difference
of altitude AH’ different from the necessary altitude difference (see Figure 1), the mass of the test vehicle or
vehicle combination shall be modified to m” using the following formula, which is based on the principle of the
equivalent energy:

©I1SO

AH -0,01x/
=mx—
AH'—0,01x/
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Key

1 top

2  bottom

3 W 4es = QONSL.
4 | =const,

5  AHvarialjle

Figure 1 — Variable altitude

6.4.4 Adjustment of test speed to compensate for a deviation of gradient

If the availahle test road provides the préescribed altitude difference but not the prescribed gradient and thus
the road length (see Figure 2), the average test speed v’ shall be calculated from the average gradient ¢f the
actual downhill test road tana’ (based-on the principle of the equivalent energy and the nominal mass ¢f the
vehicle or combination), and is stich that the duration of the test shall not be altered:

, ana —0,01
V = VX4t+—FF——
tana’ - 0,01

Due to the fact that-the same period of time is required, the necessary length of the downhill test track| shall
be:

!

I=1x>
\%

The resulting difference of altitude is:

AH' =["tana’

10 © 1SO 2006 — All rights reserved
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1
2
Key
1 tbp
2 hottom
3  th=const., p = const.
4 ariable tana
5 ariable |
Figure 2 — Variable gradient
Table'3 — Examples for type Il
Vjariable Unit Normal-value Example 1 Example 2 Example 3 Example 4
tan % 6,0 55 52 6,5 7,2
% km/h 30,0 33,3 35,7 27,3 24,2
/ km 6,0 6,7 71 55 4,8
AH m 360,0 366,7 371,4 354,5 348,4
Table 4 — Examples for type IIA
VIariabIe Unit Normal value Example 1 Example 2 Example 3 Example 4
tan % 7,0 6,5 6,0 7,5 8,5
% km/h 30,0 32,7 36,0 27,7 24,0
/ km 6,0 6,5 7,2 55 4,8
AH m 420,0 425,5 432,0 415,4 408,0

The calculated average test speed v, shall match the normal parameter test speed [30 km/h] within a
tolerance of + 20 %.

© IS0 2006 — Al rights reserved 1


https://standardsiso.com/api/?name=1d229e36c9ef020eac293dc08fe529fd

ISO 12161:2006(E)

If the calculated average test speed v, . exceeds this tolerance range, this road is not suitable for downbhill
testing of vehicles with nominal mass. However, modification of the mass of the vehicle or combination of
vehicles may be determined according to 6.4.5.

6.4.5 Adjustment of vehicle mass and speed to compensate for a deviation of road gradient
and length

If the available test road provides the required altitude difference but not the required gradient and thus road
length such that the calculated average test speed according to 6.4.4 exceeds the tolerance of + 20 %, the
mass of the vehicle or combination of vehicles may be modified so as to correct the dissipated energy.

The mass shall be calculated from the average gradient so that the resulting speed is within the tolefance
range.

, ana —-0,01
Vi xf————
tana'-0,01

v' is the calculated speed v, which is out of tolerance v” shall now be chosen within the tolefance
30 km/h + 24 %.

The nominal| duration of the test shall not be altered. Therefore, the\length of the test track is requir¢d as
following:

l" — ZIX_‘_

The resulting difference of altitude is:
AH" =[x tana’

When the calculated difference of altitude €an not be provided, this road is not suitable for downhill testing.
6.4.6 Specjfic vehicle conditions
When the applicant prefers to test the maximum performance of the endurance braking system, a weight

higher than the gross vehicle Weight (GVW) or gross combination weight (GCW) is allowed, but shall comply
to the other gppropriate legal requirements.

6.5 Conductingthe downhill test

6.5.1 Recording of test data

For verification of the test procedure, the driven distance and the test duration, as well as the lowest and
highest driven speeds, shall be recorded.

6.5.2 Test procedure
The endurance braking system shall be conditioned as prescribed in 5.3.3.2.

The gear engaged shall be such that the speed of the engine does not exceed the maximum value prescribed
by the manufacturer.

12 © IS0 2006 — All rights reserved
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A Required test speed

The required average speed v req is the calculated average speed, determined according to 6.4.4. A tolerance
of £ 5 km/h for the actually driven speed is allowed.

The test vehicle shall enter and leave the test section of the downhill test site within a tolerance of + 5 km/h.
on the required average speed.

6.5.2

For vehicles in which the enerqgy is absorbed by the braking action of primary retarders alone, a

+5k
spee

test gpeed shall be engaged.

6.5.2

6.5.2

The

downhill test shall normally be Tieq= [12] min.

6.5.2

The fime between the beginning and the end of the test section shall be measured. The duratiq
downhill test shall be calculated using the following formula:

1.1 Exception for vehicles fitted with primary retarders

m/h on the calculated average test speed as per 6.5.2.1 shall be permitted for the requ
H v, and the gear enabling the speed Vreq to be stabilized at a value closest to the calcul

2 Duration of the test

2.1 General

ime between the beginning and the end of the test section shall’be measured. The dy

2.2 Duration of the test for vehicles fitted with primary‘retarders

/

tolerance of
ired average
hted average

ration of the

N Tgq Of the

/.
req Vreq
6.5.2|12.3 Extension of the durationof.the test if a short use of the service braking system is

necegssary

If thg altitude difference must be) ‘adjusted for compensation of a brief application of the sqg

acco
servi

6.5.2

ding to 6.4.2, the maximum duration of the downhill test shall be extended by 12 s for ea
ce brakes.

2.4 Permissible reduction of duration of test

rvice brakes
th use of the

Whefe the performance of the endurance braking system is clearly not affected by the distanc¢ travelled or

any gther conditions during the test run, the test may be terminated before the nominal duration o

been

reached.

a) Steady state conditions of operating parameters such as

— vehicle speed and

— coolant temperature

have been reached and maintained for at least one minute.

f the test has

b) The section of the test track which is covered during this one minute provides a nearly constant downhill
gradient.
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c) The actual constant vehicle speed is the value corresponding to the actual gradient being used according
to Table 2 or using the formula given in 6.4.5.

In this case the necessary data shall be recorded.

6.6 Presentation of results

The principle of the equivalent energy is fulfiled and the test is successfully completed if the measured
duration of the test has not exceeded the duration defined in 6.5.2.2.1 to 6.5.2.2.3, allowing a tolerance of
+ 15 s or if the conditions of 6.5.2.2.4 are completely fulfilled.

The test resu

7 Drag t

7.1 Gene

The drag tes
due to the gr

The requirern

according to

7.2 Drag

The drag tes|
interruption.

al

Regulation ECE-R13.

est track

7.3 Regular test parameters

7.31

Gengdral

The parameters

— test spe
— distance

of Table 5 ar

bd and

bst (gradient simulation test)

Its shall be documented in the form given in B.1.

b the values-given by Regulation 13 and shall be used.

is an accepted means of simulating downhill braking on a level road in“which the simulated
dient is generated by a towing vehicle.

nent of the drag test is that the dissipated energy shall be‘jequal to the equivalent e

f may be made on every level road where the required distance and speed can be driven w

Table 5 — Regular test parameters, values given by Regulation 13

force

hergy

thout

ECE-R13 Speed Gradient | Distance | Rolling resistance
Annex 4 km/h % km %

Type Il 30 6 6 1

Type lIA 30 7 6 1

The normal duration of the test is 12 min, calculated from speed and distance.

The mass of the vehicle or the vehicle combination to be tested shall be specified such as the endurance
braking forces can be transmitted to the road surface without excessive wheel slip.

14
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Determination of the required dissipated energy

Taking into account the rolling resistance of 1 %, the required dissipated energy shall be:

Wiissil = mg 6 000 x (0,06 - 0,01)

Wdisslla = mg6 000 X (0,07 - 0,01)

The vehicle weight in this formula is equal to the GVW or GCW for which type approval is being sought.

7.4

741

0 ination of if

Test speed

The fequired average test speed v, shall be equal to the speed given in Table 5. The;actual spe

nearl
vehic

7.41
For v
+5k
stabi

Unds
apprq

7.5

7.5.1

For vi
recor

7.5.2

7.5.2

y constant but at least within a tolerance of = 5 km/h. The towing force (resp-~braking force
le) may vary during the test.

1 Exception for vehicles fitted with primary retarders

ehicles in which the energy is absorbed by the braking action af,primary retarders alone, 3
m/h on the speed given in Table 5 shall be permitted, and\the gear enabling the spes
ized at a value closest to the speed given in Table 5 shall be‘engaged.

r certain circumstances due to the available transmission ratio even higher speeds may be 4
val authority with strict respect to the principle of equivalent energy.

Conducting the drag test

Recording of data

ded as functions of the time, and the driven distance and the test duration shall be reported.
Test procedure

1 General

The g¢ndurance braking system shall be conditioned as prescribed in 5.3.3.2.

The
engir

engine of\the towed vehicle shall be started and the gear engaged shall be such that the
e does not exceed the maximum value prescribed by the manufacturer.

ed should be
of the towed

tolerance of
d vieq to be

greed by the

erification of the test procedure forlater data processing, the towing force and the vehicle speed shall be

speed of the

7.5.2

|2 - Duration of the test

7.5.2.21 Normal duration

The duration of the drag test shall normally be 12 min.

7.5.2.2.2 Duration of the test for vehicles fitted with primary retarders

The duration T,

req Of the drag test shall be calculated from

)

Tteq =
q
Vreq
© I1SO 2006 — All rights reserved
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7.5.2.2.3 Permissible reduction of duration of test

Where the performance of the endurance braking system is clearly not affected by the distance travelled or
any other conditions during the test run, the test may be terminated before the nominal duration of the test has
been reached.

The premature termination of the drag test is allowed if steady state conditions of coolant temperature, towing

force and vehicle speed have been reached and maintained for at least one minute. For this purpose, the
corresponding data shall be recorded.

7.6 Data processing and presentation of results

7.61 EvaI\lation of test data

7.6.1.1 Data processing of vehicle speed

Depending oh the kind of data acquisition the average vehicle speed is:

or

or
T
1
v= ?J. (1)dt
to

7.6.1.2 Data processing of towing force

The averagel|towing force is:

F=2=1

<~

N
or
F :l}F(t)dt
T

7.6.1.3 Rolling resistance

The force to overcome the rolling resistance of the towed vehicle is considered to be 1 % of the actual towed
vehicle mass.
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7.6.1.4 Data processing of dissipated energy

The dissipated energy is:

N
Wiiss :[ZFiXViXAtJ_(Frr X Vaver XT)
i=1

or

61:2006(E)

The average retarding power may be determined as:

7.6.2

7.6.2

The principle of the equivalent energy is fulfilled and the test has'been successfully performed if t

energ

Whele the duration of the test has been cut short accerding to 7.5.2.2.2, the required energy sha

in prg
7.6.2

The t

8 Indoor vehicle test on a test bench (gradient simulation test)

8.1
The
cond
spee

The ¢

Vdiss = | £ (1) *xVv(1)at — (L XVayer X 1)

—r™

~

0

W .
Pret = (;188
Evaluation of test data

1 Comparison of dissipated and required energy

y according to 7.6.1.4 is greater than or equal to the required energy according to 7.3.1.

portion to the effective duration of the test in relation to the normal required duration.

2 Presentation of results

est results shall be documented in(the form given in B.2.

General
ndoor test miay“be made on a rolling road dynamometer if it is able to simulate dow
tions by the powered driving motor of the test bench. Practically seen, the dynamometer tes
1 mode is\the indoor simulation of the drag test.

issipated energy shall be equal to the equivalent energy according to ECE-R 13.

ne dissipated

| be reduced

nhill braking
t at constant

8.2

Description of the test bench

The dynamometer test bench shall provide a rolling road. The vehicle to be tested shall be secured in such a
position that the driven axle(s) has (have) a rolling contact on to a power driven drum of the test bench.

The diameter of the drum shall be at least twice the diameter of the tyres.

The test bench design shall allow measurements of the input torque and speed to permit calculation of the
power required to drive the drums against the action of the endurance braking system.

©I1SO
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Figure 3 — Truck dynamometer test bench

The test bengh shall provide a realistic cooling effect by the provision of a suitable airstream.
8.3 Normal test parameters

8.3.1 Gengdral

The normal test parameters are:

— test spe¢d; and

— distancel

The parameters in Table 6 have been taken from the values given by Regulation 13 and the initial drum gpeed.
The constan{ dynamometer tofgue input to the wheels shall be set to provide these parameters.

Table*6 — Normal test parameters, values given by Regulation 13

ECE-R 13 Speed Gradient (tan ) | Distance, / Rolling resistance
Annex 4 km/h % km %

Type I 30 6 6 1

Type IIA 30 7 6 1

The normal duration of the test is [12] min, calculated from speed and distance.

The drive axle loading of the vehicle on the test bench shall be specified such that the endurance braking
forces can be transmitted to the surface of the drums of the test bench without excessive wheel slip.
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8.3.2 Determination of the required dissipated energy

Taking into account the rolling resistance of 1 %, the required dissipated energy shall be:
Waissn = mg x 6 000 x (0,06 — 0,01)
Wiaissila = mg x 6 000 x (0,07 — 0,01)

The vehicle mass in this formula is equal to the maximum permissible mass of the vehicle or the combination
for which the type approval shall be given.

8.4 [Determination of specific test parameters

8.4.1] Test speed

The fequired average test speed v, shall be equal to the speed given in Table 6. The'actual speed should be
nearly constant but at least within a tolerance of + 5 km/h.

8.411 Exception for vehicles fitted with primary retarders
For vehicles in which the energy is absorbed by the braking action of primary retarders alone, g tolerance of
+ 5 kn/h on the required average test speed v.q given in Table 6 shall*be permitted. This is in order to suit the
gear [ratios of the vehicle to achieve maximum braking torque’/ at safe engine speed prescribed by the
manufacturer. The gear enabling the speed v.q to be stabilized at a value closest to the spped given in
Tablg 6 shall be engaged.

Undgr certain circumstances, due to the available drivelling ratio, even higher speeds may be agreed by the
apprgval authority with strict respect to the principle gf-equivalent energy.

8.5 | Conducting the dynamometer test

8.5.1| Recording of data

For data post-processing, the input-torque from driven motor and the rotational speed of the drum(s) shall be
recorded as functions of the time._ The “driven” distance and the test duration shall be reported.

8.5.2| Preparation of the test
The ¢ndurance braking system shall be conditioned as prescribed in 5.3.3.2.

The ¢ngine of/thé tested vehicle shall be started and the gear engaged shall be such that the [speed of the
engirle does-net’exceed the maximum value prescribed by the manufacturer.

8.5.3| (Test procedure

8.5.3.1 General

The test is made with the dynamometer operating in the “controlled speed” mode and should therefore be held
at a near constant speed vrgq.

The retarder shall be set at the maximum output position and the dynamometer torque shall be recorded and
integrated so that the total absorbed energy can be calculated in real time.

Note that this torque may vary, depending on the retarder characteristics, as the test proceeds and note also
that the driving torque figure includes that component needed to overcome engine braking.
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8.5.3.2 Duration of the test

The duration of the test shall normally be 12 min.

The test shall continue until the total energy absorbed is equivalent to that required to hold the laden vehicle
or vehicle combination at 30 km/h on the prescribed gradient (depending on the Type ll/lla test being

conducted) for 6 km.

This test is successful if that total energy is absorbed in 12 min or less.

8.5.3.3  Duration of the test for vehicles fitted with primary retarders

The duration|T 4 of the drag test shall be calculated with the formula:

/

Treq =]
Yeq

8.5.3.4 Pérmissible reduction of duration of test

Where the performance of the endurance braking system is clearly not affected, by the distance travelled or
any other conditions during the test run, the test may be terminated before{the required duration of th¢ test

has been redched.

The premature termination of the drag test is allowed if steady state conditions of the following are regched

and maintained for at least one minute:
— coolant femperature;

— input torfjue; and

— vehicle gpeed.

For evidencd purposes, the corresponding data shall be recorded.
8.6 Data processing and presentation of results

8.6.1 Dataprocessing of vehicle speed

The average|vehicle speediis

T
or
N
2
b= =1
N
or
1 T
v=—|v(t)dt
v
4]
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Data processing of input torque

The average input torque is

N
Z(M left; + M right,i)

M:i:1

or

N

8.6.3

The

1
e %,J; (Mleft,i + Mrighti) dt

Rolling resistance

olling resistance of the tested vehicle shall be determined in a separateg test run at the re

with braking systems not applied.

8.6.4

The ¢

or

N

ZF”. XV, x At
j=1

rr = : T

Data processing of dissipated energy

issipated energy is

i—1 r

N
W giss = {ZMI. XL At] ~ NAtx P,

T M(t)xv(t)

W diss = _[
1o

dt )T x Py
,

The rfetarding power-may be determined as

uired speed

Wisg
P . =
ret T
8.6.5 Comparison of dissipated and required energy

The principle of the equivalent energy is fulfilled and the test is successfully completed if the dissipated energy
according to 8.6.4 is greater than or equal to the required energy according to 8.3.1.

If the duration of the test has been cut short according to 8.5.3.4, the required energy shall be reduced in
proportion to the effective duration of the test in relation to the required duration.

8.6.6

Presentation of results

The test results shall be documented in the form given in B.3.
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