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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO memb

er bodies). The work of preparing International Standards is normally carried out through 1SO

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 lalson with 150, alsO take part In the WOrK. 150 cCollaborales Cclosely Wwiih the

Internationg

Internationg

| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.

The main thsk of technical committees is to prepare International Standards. Draft International Standards

adopted by
Internationg

Attention is

rights. ISO shall not be held responsible for identifying any or all such patent rights.

the technical committees are circulated to the member bodies for voting: -Publication ag an
| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of pgtent

ISO 105212 was prepared by Technical Committee ISO/TC 22, Road véhicles, Subcommittee SC 5, Engine

tests.

This first edition, together with 1SO 10521-1, cancels and replaces ISO 10521:1992, which has Heen

technically

ISO 10521 ronsists of the following parts, under the generaljtitte Road vehicles — Road load:

— Part 1:

— Part 2:

evised.

Determination under reference atmospherie’conditions

Reproduction on chassis dynamometer
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Introduction

This part of ISO 10521 has been prepared to reflect the state-of-the-art technique for the vehicle road-load
setting on chassis dynamometers. ISO10521-1 should be referred to for the basic road-load measurement
method. This part contains the following technical and editorial changes compared with ISO 10521:1992:

— [fo simulate the road load on the chassis dynamomeier precisely, the hydraulic absorber type
dynamometer is excluded;

— |only the chassis dynamometer of coefficient control is described in this part of ISO1052Y.
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INT

ERNATIONAL STANDARD

ISO 10521-2:2006(E)

Road vehicles — Road load —

Part 2:
Reproduction on chassis dynamometer

1

Thig

purpose of a subsequent test, for example the fuel consumption test or the exhaust-emission m

test

The]
suc
met]
sett
ISO

This
spe
2

The]
refe]
doc

ISO

ISO
con

3

For

Scope

part of ISO 10521 specifies methods of setting the target road load on chassis dynamomg

h as the coastdown method, the torquemeter method or the, wind-tunnel and chassis-dy
hod. This part of ISO 10521 gives detailed instructions on¢the methods of the chassis-dy
ng procedure for road-load value, obtained by the various measurement methods ¢
10521-1.

part of ISO 10521 is applicable to chassis dynamométers that can set road load at a minim
bd points, and to motor vehicles as defined in ISO,3833 up to a gross vehicle mass of 3 500 kg

Normative references

following referenced documents~atre” indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendménts) applies.

3833, Road vehicles — Types — Terms and definitions

Hitions

Terms.and definitions

the purposes of this document, the terms and definitions given in ISO 3833 and the following a

ters for the
pasurement

road-load setting method on chassis dynamometers depends on‘the road-load measuremé¢nt method,

namometer
namometer
pecified in

um of three

For dated
referenced

10521-1:2006, Road) vehicles — Road load — Part 1: Determination under reference atmospheric

Dply.

31

total resistance
total force-resisting movement of a vehicle movement, measured either by the coastdown method or by the
wind-tunnel and chassis-dynamometer method, including the friction forces in the drive train

3.2

running resistance
torque-resisting movement of a vehicle, measured by the torquemeter installed in the drive-train of a vehicle,
including the friction torque in the drive-train downstream of the torquemeter
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3.3
road load

-2:2006(E)

general meaning of force or torque which opposes the movement of a vehicle, including total resistance

and/or runn

3.4

ing resistance

reference speed
vehicle speed at which a chassis-dynamometer load is verified

NOTE

Reference speeds may be continuous speed points covering the complete speed range.

3.5
target road
road load tdg

3.6

load
be reproduced on the chassis dynamometer

chassis-dyjnamometer setting load

load to be §

3.7
simulated
road load td

g

N

NOTE

3.8

speed rang
range of sp
over which

3.9

et on the power-absorption unit of the chassis dynamometer
road load
be calculated from measured coastdown data using the least-square regression
bee Annex A for the calculation procedure.
e

bed of chassis-dynamometer roller between 15 km/K and maximum reference speed plus 10 k
he coastdown test is conducted

chassis dynamometer of coefficient control

chassis dyn
approximat

amometer of which absorption characteristics are determined by giving coefficients of a road-
on polynomial

3.10
chassis d
chassis dy
speed point
4 Requ

The require)

a) chassis

amometer of polygonal control

amometer of which absorption characteristics are determined by giving load values at seV
S

red overallmeasurement accuracy

d overalkmeasurement accuracy shall be as follows:

-dynamometer roller speed: + 0,5 km/h or + 1 %, whichever is greater;

m/h,

oad

eral

b) chassis

-dynamometer force:

Category 1 chassis dynamometer: + 6 N, or

Category 2 chassis dynamometer: + 10 N or + 0,1 % of full scale, whichever is greater;

NOTE

Category 2 chassis dynamometer usually has greater load capacity, e.g. 130 kW or more.

c) time: £ 50 ms or + 0,1 %, whichever is greater;

d) wheel torque: £ 3 N-m or + 0,5 %, whichever is greater;
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e)

f)

5

5.1

ISO 10521

atmospheric temperature: + 1 K;

tyre pressure: + 5 kPa.

Preparation for chassis-dynamometer test

Setting parameter

-2:2006(E)

The following parameters shall be determined prior to the test, in accordance with the purpose of the

sub

5.2

5.2.
The
the
cou
dyn
5.2.

The]
oth4

5.3

5.3.

Set
mag

5.3.

Pre
recq

sequent test:
target road load;
speed range;

reference speed.
Laboratory condition

1 Roller

chassis-dynamometer roller shall be clean, dry and free from{anything which might cause tyre
case of chassis dynamometers with multiple rollers, the ehassis dynamometers shall be run

amometer speed shall be measured from the roller coupled to the power-absorption unit.

2 Room temperature

laboratory atmospheric temperature shall’be within 293 K to 303 K as the standard condi
rwise required by the subsequent test:

Preparation of chassis dynamometer

1 Inertia-mass setting

the equivalent inertia-mass of the chassis dynamometer in accordance with the vehicle mas
s category.

P Preconditioning of chassis dynamometer

condition ™ the chassis dynamometer in accordance with the dynamometer ma
mmiendations, or as appropriate, so that the friction loss of the chassis dynamometer can be s

slippage. In
n the same

bled or uncoupled state as the subsequent emission_test, fuel consumption test, etc., and the chassis-

tion, unless

5 or vehicle

nhufacturer’s
abilized.

5.4

5.4.

Vehicle preparation

1 Tyre-pressure adjustment

The tyre pressure shall be adjusted to the recommended values for the test. These values shall correspond to
those recommended for the range of vehicle speeds encountered during the subsequent emission test, fuel
consumption test, etc., in conjunction with roller geometry of the chassis dynamometer to be used. If small-
diameter roller(s) are being used, the tyre pressure may be increased so as to ensure a safe test. This
pressure increase should be typically 50 %.
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5.4.2 Veh

-2:2006(E)

icle setting

The tested vehicle shall be installed on the chassis-dynamometer roller in a straight position and restrained in
a safe manner. In the case of a single roller, the tyre contact point shall be within + 25 mm or + 2 % of the
roller diameter, whichever is smaller, from the top of the roller.

5.4.3 Veh

icle preconditioning

The power-absorption unit of the chassis dynamometer shall be set in the way specified in 6.1.1.1 or 6.2.1.1,
so that an adequate load will be applied to the test vehicle during preconditioning.

Prior to the
have been

test, the vehicle shall be preconditioned appropriately until normal vehicle operating tempefat
reached. It is recommended that the vehicle should be driven at the most appropriate (referg

speed for @ period of 30 min. During this preconditioning period, the vehicle speed shall not ‘exceed

highest refg

6 Load

6.1

This metho
and chassig

rence speed.

setting on the chassis dynamometer

Chagsis-dynamometer setting by coastdown method

J is applicable when the road load is determined using the coastdown method, or the wind-tu
-dynamometer method as specified in ISO 10521-1:2006, 5.3;'5:4 or Clause 6.

d setting of chassis dynamometer

hitial load setting

5is dynamometer of coefficient control, the €hassis-dynamometer power-absorption unit shal
h the arbitrary initial coefficients, 44, By and)Cy, of the following equation:

d+BdV+CdV2

he chassis-dynamometer setting load, in newtons (N);
he speed of the chassis-dynamometer roller, in kilometres per hour (Km/h).
g are the recommended coefficient assumptions to be used for the initial load setting:

b x Ay, Bg= 0,2 x By, Cq = G, in the case of single-axis chassis dynamometers, or

6.1.1 Loa
6.1.1.1 |
For a chas
adjusted wi
Fy=A
where
Fy is
N
The followir
a) A44=0,
Aq =0,

ires
nce
the

hnel

| be

<A, By=0,2 x B, Cy=C,, inthe case of dual-axis chassis dynamometers,

where 4;, B;and C; are the coefficients for the target road load;

b) empirical values, such as those used for the setting for a similar type of vehicle.

For a chassis dynamometer of polygonal control, adequate load values at each speed point shall be set to the
chassis-dynamometer power-absorption unit.
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6.1.1.2 Coastdown

Perform the coastdown test on the chassis dynamometer once with the procedure given in
ISO 10521-1:2006, 5.3.1.3.1 and 5.3.1.3.2. Then proceed to 6.1.1.3.

6.1.1.3 Verification

6.1.1.3.1  Calculate the target road-load value using the target road-load coefficient 4;, B; and C; for each
reference speed V.

Fyj = Ay +BV; +CV 7

whdre

F; ; is the target road load at reference speed Vi in newtons (N);

J
V; is the jth reference speed, in kilometres per hour (km/h).

6.1.1.3.2  Calculate the error, ¢;, in percent of the simulated road lead. 7, which is calculated using the
method specified in A.1, for target road load Fy; at each reference speed Vi using the following equiation.

g _IFs -5l %100

NOTE F

mj» obtained in A.1.1, may be used in the above‘equation instead of st.

Verify whether errors at all reference speeds satisty the following error criteria in two consecutivel coastdown
rung, unless otherwise specified by regulations:

gj£3%foer2 50 km/h

)

<5 % for 20 km/h < Vj<50 km/h
gj§10%foerS 20 kmth

If af error at any reference speed does not satisfy the criteria, then proceed to 6.1.1.4 for the adjustment of
the chassis-dynamometer setting load.

6.1.1.4 Adjustment

Thenkepeat 6.1.1.2 and 6.1.1.3.

Adje\Fst thecchassis setting load in order to minimise the error in accordance with the procedure spegified in B.1.

6.2 Chassis-dynamometer setting using torquemeter method

This method is applied when the road load is determined using the torquemeter method, as specified in
ISO 10521-1:2006, 5.5.

© I1SO 2006 — All rights reserved 5
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6.2.1

6.2.1.1

-2:2006(E)

Load setting of chassis dynamometer

Initial load setting

For a chassis dynamometer of coefficient control, the chassis-dynamometer power-absorption unit shall be
adjusted with the arbitrary initial coefficients, 44, Byand Cy, of the following equation:

d+BdV+CdV2

Fy=4
where
Fyq st
Vo is
The followir
a) A44=0,
A4=0,
where

a;, by and ¢; are the coefficients for the target torque;

’

r

b) empirid

For a chass
chassis-dyn

6.2.1.2

Perform th
ISO 10521

6.21.3 \

6.2.1.3.1
reference s

Wheel torque measurement

he chassis-dynamometer setting load, in newtons (N);

he speed of the chassis-dynamometer roller, in kilometres per hour (Km/h).

g are the recommended coefficient assumptions to be used for the initial load setting:
b x a,fr', By = 0,2 x by/r', Cy = ¢;/¥, in the case of single-axis chassis dynarmometers, or

1 x a/r', B4y=0,2 x b/r', Cy4 = ¢ /7', in the case of dual-axis chassis dynamometers,

is the dynamic radius of the tyre on the chassissdynamometer, in metres (m), that is obta
by averaging the r/ values calculated in A;2:1;

al values, such as those used for the setting for a similar type of vehicle.

is dynamometer of polygonal control,»adequate load values at each speed point shall be set tg
amometer power-absorption unit.

e torque measuremeént “test on the chassis dynamometer with the procedure defineg
1:2006, 5.5.2. The tofquemeter(s) shall be identical with the one(s) used in the preceding road

lerification

Calculatevthe target road-load value using the target torque coefficients a;, by, and c; for €
peed i

ned

the

| in
test.

ach

a
U:

Z
t+tij +Cth

'

r

is the target road load at reference speed Vi in newtons (N);

is the ;! reference speed, in kilometres per hour (km/h);

averaging the »/ values calculated in A.2.1.

where
2y
Vi
r!
6

is the dynamic radius of the tyre on the chassis dynamometer, in metres (m), that is obtained by
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6.2.1.3.2  Calculate the error, g, in percent of simulated road load F; , which is calculated with the method
specified in A.2, for target road load Fy;at each reference speed V.

g :—‘FS"F_ il %100
t

NOTE C; m/ ' obtained in A.2.1 and 6.2.1.3.1, respectively, may be used in the above equation instead of Fg;.

Verify whether errors at all reference speeds satisfy the following error criteria in two consecutive coastdown
runs—unless otherwise Qpnnifind hy reg lations

gjsS%foerZ 50 km/h
gj§5%for20km/h<Vj<50km/h
gj§10%foer£ 20 km/h

If the error at any reference speed does not satisfy the criteria, then procéedto 6.2.1.4 for the adjustment of
the chassis-dynamometer setting load.

6.2/1.4 Adjustment

Adjuist the chassis-dynamometer setting load in order to minimise the error in accordance with th¢ procedure
spegified in B.2. Then repeat 6.2.1.2 and 6.2.1.3.

© I1SO 2006 — All rights reserved 7
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Annex A
(normative)

Calculation of road load for the dynamometer test

A.1 Calculation of simulated road load for the coastdown method

When the rload load is measured by the coastdown method as specified in 1ISO 10521-1:2006, 5.3 or

calculation

conducted as described in A.1.1 to A.1.3.

A

A11  Ce

F,

my

where

my

my

AT

A12 C
regression

Fg=4

A1.3 Dsg
the calculat

Fs] = 4

of the simulated road load Fg; for each reference speed Vi in kilometres per hour,.shal

Iculate the measured road load using the following formula:

2x AV

AT,

G x(md +m’r)><

the measured road load for each reference speed Vi in newtons (N);
the equivalent inertia-mass of the chassis dynamometer, in kilograms (kg);

the equivalent effective mass of drive wheels-and vehicle components rotating with the wh
Lring coastdown on the dynamometer, in kilograms (kg); m; may be measured or calculated b
pbpropriate technique. As an alternative, mmay be estimated as 3 % of the unladen vehicle n
r a permanent four-wheel-drive vehicle, and 1,5 % of the unladen vehicle mass for a two-wh
Five vehicle;

the coastdown time corresponding to speed Vi in seconds (s).

Iculate the coefficients 4g, B and Cg of the following approximate equation by the least-sq
ising the calculated Fiq:

|+ BV +Cgl 2

termine thesimulated road load for each reference speed Vi using the following equation, u
d A4g, Byaand Cq:

2
BV + G5V

5.4,

eels
y an
ass
eel-

iare

5ing

A.2 Calc

ulation of simulated road load for the torquemeter method

When the road load is measured by the torquemeter method as specified in 1SO 10521-1:2006, 5.5,
calculation of the simulated road load Fg; for each reference speed V;, in kilometres per hour, shall be
conducted as described in A.2.1 to A.2.3.

7
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A.2.1 Calculate the mean speed 7, ,, in kilometres per hour, and the mean torque Cim in newton metres,
for each reference speed Vi using the following formulae: '

and

whgre
Vi is the vehicle speed of the it" data set, in kilometres per hour (km/h);

k is the number of data sets;
and

(o is the torque of the it" data set, in newton metres (N-m);
Cic is the compensation term for the speed drift, in newtorn metres, which is given by the following
formula.

C;c phall be no greater than 5 % of the mean torque before compensation, and may be neglecteq if |oy| is no
greater than 0,005 m/s2.

C.. = (md +m,’.)a 7

Jjc J'J

in which
mq and m, are the equivalentinertia mass of the chassis dynamometer and the equivalgnt effective
mass of drive:wheels and vehicle components rotating with the wheel during coastdown

on the chassis dynamometer, respectively, both in kilograms (kg), as defined|in A.1;

o; is the) mean acceleration, in metres per second squared (m/s2), whigh shall be
calculated by the formula:

and in which ¢ is the time at which the ith data set was sampled, in seconds (s).

’

ri is the dynamic radius of the tyre, in metres (m), given by the formula:

;1 Vim
7= ——x
736 2xnN

and in which N is the rotational frequency of the driven tyre, in revolutions per second (s~1).

© I1SO 2006 — All rights reserved 9
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A.2.2 Calculate the coefficients a5, bg and cg of the following approximate equation by the least-square
regression using the calculated V; ,, and the C; ;..

_Js

7

Fs

_as +bSV+cSV2

’

7

A.2.3 Determine the simulated road load for each reference speed Vi using the following equation, using the
calculated ag, b, and c.:

A8
st N

b

2
+bglV; +csl

)

'
r

10 © 1SO 2006 — All rights reserved
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