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INTERNATIONAL STANDARD

ISO 10521:1992(E)

Motor vehicle road lcad — Determination under reference
atmospheric conditions and reproduction on chassis

dynamometer

1 Scope

This International Standard specifies methods of
setting a chassis dynamometer for test purposes, for
example for fuel consumption tests or exhaust
emission measurements. THisnsetting' réproduces
the road load of a vehicle running on a level road
under reference atmospheric conditions, At is
achieved by either the coastdown or the torque-
meter method.

This International Standardangivesichdetailed/stine
structions on the measurement of relevantcipar-
ameters during data collection, on the analysis
techniques for the reduction and correction of these
data to the reference conditions and on the methods
used for transfer of the corrected data to a chassis
dynamometer.

It does not deal either with the procedures concern-
ing the various tests that may be performed on the
chassis dynamometer or with any necessary cor-
rections to the measurement results obtained during
such tests.

This International Standard applies to motor ve-
hicles as defined in 1SO 3833 up to a gross vehicle
mass of 3 500 kg.

NOTE 1 This International Standard has been prepared
taking into account existing regulations. Its objeclive is
not to summarize all existing methods but rather to define
a reference method.

For information, annex E gives a comparative table with
the following existing regulations:

— ECE 15/04 TRANS/SC1/WP29/R374 (22 November
1985)

— USA EPA A/C 55C (12 December 1986)

— Japan TRIAS 24-3-1985 (22 October 1985)

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the edition indicated was valid. All standards
are_subject to revision, and parties lo agreements
basedton, this International Standard are encour-
aged to jnvestigate the possibility of applying the
miost rétént edition of the standard indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

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

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 total resistance: Total force resisting movement
of a vehicle, measured by the coastdown method
which includes 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. It includes the friction
torque in the drive-train downstream of the torque-
meter.

3.3 road load: This has a general meaning of the
force or torque which opposes movement of a ve-
hicle, including total resistance and/or running re-
sistance.

3.4 reference speed: Vehicle speed at which the
dynamometer load setting is required. Where a
steady state test is to be performed subsequently,
the reference speed should be identical to the
steady state test speed.
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4 Requirements for road test

4.1 Accuracy for test parameter

41.1 Required overall accuracy

The required overall accuracy of each method is as
follows:

a) vehicle speed: + 0,5 km/h or 1 %, whichever is
greater;

b) coastdown time, AT: + 100 ms or + 1 %, which-
ever is greater;

c) deceleration, I'': + 2 %;

d) torque: + 3 N-m or + 2 %, whichever is greater.

4.1.2 Required test condition accuracy

The required accuracy of the parameters which are
used in conjunction with the test measurement is as
follows:

a) wind speed: + 0,3 m/s;

b) air temperature: 4+ 1 K;

c) atmospheric pressure: 10,3 kPa,

4.1.3 Suitable auxiliary parameter accuracy

Accuracy of the measurements below, if necessary,
is as follows:

a) mass: + 1 %;
b) length or distance: + 0,5 %;
c) time: + 50 ms or + 0,1 %, whichever is greater;

d) force: + 2,5 N or + 1,5 %, whichever is greater.

4.2 Requirements for test road

421 Layout

The test road layout shall be level, straight and free
of obstacles or wind barriers which adversely affect
the variability of road load measurement.

4.2.2 Slope

The test road longitudinal siope shall not exceed
+ 2 %. This slope is defined as the ratio of the dif-
ference in elevation between both ends of the test
road and its overall length. In addition, the local in-

clination between any two points 3 m apart shall not
deviate by more than + 0,5 % from this longitudinal
slope.

The maximum cross-sectional camber of the test
road shall be 1,5 % or less.

4.2.3 Even coating tolerance

The even coating tolerance shall be less than 3 mm
deflection within a three-metre rolling rule or its
equivalent. (Refer to A1)

4.2.4 Surface

The road surface shall be flat, dry and hard, and its
texture and composition shall be representative of
current urban and highway road surfaces.

The road surface measured by the sand patch
method shall exhibit an [/, value within the rec-
ommended range of 0,4 mm to 0,8 mm or its equiv-
alent. (Refer to A.2))

4.3 Atmospheric conditions for road test

431 Wind

During data collecting periods, the averaged wind
velocity over the test road shall be less than 3 m/s.

Thei.wind.velocity,shall_be ‘continuously measured,
using-a_recognized meteorological instrument, at a
location and height above road level alongside the
test road where the most representative wind con-
ditions will be experienced.

4.3.2 Atmospheric temperature

The atmospheric temperature shall be within 274 K
to 308 K inclusive.

4.3.3 Air density

The air density shall not deviate more than + 7,5 %

from the reference air density set in 4.3.4. The air

density under test conditions, p, in kilograms per
cubic metre, is calculated by the formula:

r 1o

T X T

where

0o is the dry air density under reference con-
ditions, in kilograms per cubic metre;

p is the atmospheric pressure under test
conditions, in kilopascals;

o is the atmospheric pressure under refer-
ence conditions, in kilopascals;



7 is the almospheric temperature under test
conditions, in kelvins;

T, is the atmospheric temperature under ref-
erence conditions, in kelvins.

4.3.4 Reference conditions

The reference conditions are as follows:
— atmospheric pressure: p, = 100 kPa
— atmospheric temperature: T, =293 K
— dry air density: g, = 1,189 kg/m3

— wind speed: nil

5 Selection of speed points for road load
curve determination

5.1 In order to obtain a road load curve as a func-
tion of vehicle speed, road load values shall be
measured at a minimum of four speed points,
v, (=1, 2, etc) which shall,be selected in.aceord-
ance with the criteria in 5.2 to 5.4/

5.2 The range of speed points (the ‘interval®“be-
tween maximum and minimum points) shall be
wider than the reference speed range with sufficient
margin on either sidelThis::margin-should,be.at
least Av as defined in 7.2.1.

5.3 The speed points shall be distributed with suf-
ficiently small intervals, no greater than 20 km/h.

5.4 Each reference speed shall correspond to one
of these speed points.

6 Preparation for road test

6.1 Vehicle preparation

6.1.1 Vehicle condition

Unless any particular purpose is intended, the ve-
hicle shall be in normal vehicle condition as speci-
fied in annex B.

6.1.2 Installation of instruments

When installing the measuring instruments on the
test vehicle, care shall be taken to minimize their
adverse effect on the distribution of the total vehicle
mass between the road wheels. When installing the
speed sensor outside the vehicle, care shall be
taken to minimize additional air resistance. If satis-
factory data is available, this additional air and roll-
ing resistance may be used to correct the road load.
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6.2 Vehicle preconditioning

6.2.1 Prior to the lest, the vehicle shall be precon-
ditioned appropriately until normal vehicle operating
temperatures, for the prevailing atmospheric con-
ditions, have been reached. It is recommended that
the vehicle should be driven at the most appropriate
reference speed for a period of 30 min.

6.2.2 During this preconditioning period, the ve-
hicle speed shall not exceed the highest reference
speed.

7 Measurement of total resistance by
coastdown method

7.1 Vehicle coastdown

7.1.1 Following preconditioning, and immediately
prior to each test measurement, drive the vehicle
at the highest reference speed for at most 1 min.
Then drive the vehicle at 5 km/h more than the
speed al which the coastdown time measurement
begins (v;/Av) for:5 s and begin the coastdown im-
mediately.

7.1.2 During coastdown, the transmission shall be
in neutral. In the case of vehicles with manual
transmission, the clutch shall be engaged. Move-
mentsof-thé -steering2wheel shall be avoided as
muchoas possible and the vehicle brakes shall not
be operated until the end of the coastdown.

7.1.3 Repeat the test, taking care to begin the
coastdown at the same speed and preconditioning.

7.2 Determination of total resistance by
coastdown time measurement

7.21 Measure the coastdown time corresponding
to speed v; as the elapsed time from the vehicle
speed v, + Av to v; — Av, where Av is as follows:

Av =35 km/h for v; < 60 km/h;

Av =10 km/h for v; > 60 km/h.

7.2.2 Carry out these measurements in both di-
rections until a minimum of four consecutive pairs
of figures (but see 7.2.3) have been obtained which
satisfy the statistical accuracy P, in percent, defined
below:

(s 100

P=——x—7 <3%
Jn AT
where
n is the number of pairs of measurements;
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A'I}- is the mean coastdown time at speed Vi in
seconds, given by the formula: '

AT, ~—ZA]
i—=1

in which

A] is the average coastdown time of
the ith pair of measurements at
speed Vs in seconds, given by the
formula:

AT, (A7]a, + AT},

and in which

AT, and AT, are the
coastéown time of ith
measurement at speed
v; in each direction re-
spectively, in seconds;

s is the standard deviation, in seconds, de-
fined by the formula:

5= 1_1 Z(AT

t is the coefficient given in table 1.
Table 1
n t L
Jn
2 12,7 8,98
3 4,3 2,48
4 3,2 1,6
5 2,8 1,25
6 2,6 1,06
7 2,5 0,94
8 2,4 0,85
9 2,3 0,77
10 2,3 0,73
1" 2,2 0,66
12 2,2 0,64
13 2,2 0,61
14 2,2 0,59
15 2,2 0,57

7.2.3 If during a measurement in one direction, the
vehicle operator is forced to change the vehicle di-
rection sharply in the interests of track safety or to
avoid damaging the vehicle, then this measurement
and the paired measurement in the opposite direc-
tion may be discounted.

7.2.4 The measurement of coastdown times for
multiple speed points may be made in succession
by a continuous coastdown.

7.2.5 The total resistance, I, at speed v, in
newtons, is delermined by the formula:

1, .
=5 (I +15)
where

I, and I, are the total resistances at speed v,
in newtons, in each direction respectively,
given by the formulae:

. 2Av
I = ———6 (m+m,) - AT,
1 2A

]} = "3—6~ (I?Z + m,) v

in which

m is the vehicle mass including
driver and instruments as tested,
ingkilograms;

in, is the equivalent effective mass of
all the wheels and vehicle compo-
nents rotating with the wheels
during coastdown on the road, in
kilograms. m, should be measured
or calculated by an appropriate
technique. As an alternative, m,
may be estimated as 3 % of the
unladen vehicle mass;

AI and AI are the mean coastdown
tlmes m each direction respec-
tively corresponding to speed v in
seconds, given by the formulae:

7.3 Determination of total resistance by
average deceleration measurement

As an alternative to the determination in 7.2, the
total resistance may also be determined by the pro-
cedure described in 7.3.1 to 7.3.5.

7.3.1 Record the speed versus time data during
coastdown from vehicle speed v,+ Av to v;— Av,
where Av is greater than 10 km/h and the data
sampling interval is no greater than 0,1 s.



7.3.2 Fit the following function to the group of data
by polynomial regression to determine the coeffi-
cients A,, 4,, A, and Ay

W(O) = Ay + At + Apt® + Agt®
where

¥({) is the vehicle speed;

{ is the time;

Ao, Ay, A5 and A, are the coefficients.

7.3.3 Determine the deceleration, Vo at the speed
Vi in metres per second squared, as follows:

2
v = Ay + 2458 + 3431,

where ¢ is the time at which the vehicle speed given
by the {unction in 7.3.2 is equal to v,

7.3.4 Repeat the measurements in both directions
until a minimum of four consecutive pairs of the data
have been obtained which satisfy the statistical ac-
curacy P, in percent, below (but see 7.2.3):

s _ 100

X
Jnoo T

P=

<3%

n is the number of pairs of measurements;

I' . is the mean average deceleration/at*speed
v, in metres per second squared, given by
tf'ne formula:

n
1
Iy=5 Zrﬁ
i1
in which
I = s+ 100
i g Yjai ¥ joi
and in which

Vjai @Nd y,; are the decelerations of the
ith measurement at speed v; defined
in 7.3.3 for each direction respec-
tively, in metres per second squared;

s is the standard deviation, in metres per
second squared, defined by the formula:

1 \ -2
i==

t is the coefficient given by table 1.

7.3.5 Determine the total resistance [, at the
speed v; by the following formula using m and m,
defined in 7.2.5:
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Fy=(m+m)l’;

7.4 Total resistance curve determination

When the total resistance curve is considered use-
ful, fit the following regression curve to the data sets
(vj, I'}) corresponding to all the speed points
v, (=1, 2, etc.) described in clause 5 to determine

o, f1 and fo:
F=fo+fv+/

where
I’ is the total resistance, in newtons;
Jo is the constant term, in newtons;

/i is the coefficient of the first order term, in
newtons hour per kilometre. f; may be as-
sumed to be zero, if the value of fiv is no
greater than 3 % of I’ at the reference
speed(s). In this case the function
I'=f, + fv* shall be recalculated to deter-
mine the coefficients f; and f;;

[ lis the coefficient of the second order term,
in newtons square hour per Kkilometre
squared;

v is the vehicle speed, in kilometres per hour.

8 Measurement of running resistance by
torquemeter method

As an alternative to the coastdown method, the
torquemeter method may also be used, in which the
running resistance is determined by measuring the
torque as described in 8.1 to 8.3.

8.1 Installation of torquemeter

The torquemeter(s) shall be installed in the drive-
train of the test vehicle.

It is preferable to have wheel torquemeters in each
driven wheel.

8.2 Vehicle running and data sampling

8.2.1 Following preconditioning and stabilization of
the vehicle at a speed Vi, where the running resist-
ance is to be measured, the data collection may be
started.

8.2.2 Record at least 10 dala pairs of speed, torque
and time over a period of at least 5 s.

8.2.3 The speed deviation from the mean speed
shall be within the values in table 2.
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Table 2
Time period Speed deviation

s km/h
5 + 0,2
10 +04
15 + 0,6
20 + 0,8
25 +1

30 +1,.2

8.3 Calculation of mean speed and mean
torque

8.3.1 Calculate the mean speed v, in kilometres
per hour, and mean torque (‘ e IN newton metres,
over a time period as follows:

k

= D

i=1

and
k
Cp=1 ) .Ci~C
m k -
i1
where
v; is the vehicle speed of ith dala set, in kilo-
metres per hour;
k is the number of data sets;
and

Cj,. is the torque of ith data set, in newton me-
tres;

Cjs is the compensation term for the speed
drift, in newton metres, which is given by
the following formula. (.’ shall be no
greater than 5 % of the mean torque before
compensation, and may be neglected if o
is no greater than + 0,005 m/q

Cis = (m+ m)a;

in which

m and m, are the test vehicle mass and
the equivalent effective mass re-
spectively, both in kilograms, de-
fined in 7.2.5;

r; is the dynamic radius of the tyre, in
metres, given by the formula:

and in which

N is the rotational frequency
of the driven tyre, in revo-
lutions per second;

o, is the mean acceleration, in metres
per second squared, which shall be
calculated by the formula:

k k
S a3y

N i=1 i=1i=1
% 3,6 f NG

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

8.3.2: .Carry out these measurements in both di-
rections- untif'a minimum of four consecutive figures
have been obtained which satisfy the statistical ac-
curagy P, in percent, below (but see 7.2.3):

(&) 100
5 X

R —5o — <3 %
NC
where
n is the number of pairs of measurement;
(-j is the running resistance at speed Vi in

newton metres, given by the formula:

j = Z(ﬂm

i=1
in which

Cimi is the average torque of the ith
pair of measurements at speed
v, in newton metres, given by the
I{)rmula

. 1 -
(”jmi = b3 ((jmaz + (’jmbi)

and in which

Cimai and G, are the mean
torques of the jth pair of
measurements at speed
v. determined in 8.3.1 for
each direction respec-

tively, in newton metres;



s is the standard deviation, in newton metres,
defined by the formula:

1 : —
- \/n -1 Z(Cimf -G

i==1

t is the coefficient given by table 1.

8.3.3 The average speed, v,,;, shall not deviate by
more than 4 2 km/h from its mean, v. v, and ¥
shall be calculated as follows:

S o
] n jmi

=1

and

1
Vimi = ) (ijai + ‘tjmbi)

where v, and v, are the mean speeds of the ith
pair of measurements at speed v; determined in 8.3.1
for each direction respectively, in kilometres per
hour.

8.4 Running resistance;curve,determination

The following regression curve shall/be fitted 1o all
the data pairs (v, C;,,) for both directions “atall
speed points v; (=1, 2, etc.) described in clause 5
to determine ¢y, ¢; and ¢,:

C=co+ ey + e
where
¢y is lhe constant term, in newton metres;

¢, is the coefficient of the first order term, in
newton metres hour per kilomeire. ¢; may
be assumed to be zero, if the value of v
is no greater than 3 % of C at the reference
speed(s). In this case the function
C = ¢, + cv’ shall be recalculated to deter-
mine the coefficients ¢, and ¢;

¢, is the coefficient of the second order term,
in newton metres hour squared per kilo-
metre squared,;

v is the vehicle speed, in kilometres per hour.

9 Correction to standard atmospheric
conditions

9.1 Correction factors

9.1.1 Determine the correction factor for air resist-
ance K, as follows:
T 100

Ko=393 *7p
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where

T is the mean atmospheric temperature, in
kelvins;

p is the mean atmospheric pressure, in
kilopascals.

9.1.2 The correction factor, K,, for rolling resist-
ance, in reciprocal kelvins, may be determined
based on the empirical data for the particular ve-
hicle and tyre tests, or may be assumed as follows:

Ky=6x10" K '

9.2 Road load curve correction

9.21 Correct the coefficient of the fitting curve de-
termined in 7.4 or 8.4 to reference conditions as fol-
lows:

fo = /o1 + Ko(T — 293)}
[ =1{1+ KT — 293)}
Lh=Ki

or
o = {1+ Ko(T — 293)}
ey= {1+ Ko(T — 293)}
c; = Kyep

where

/o is the corrected constant term, in newtons;

/i s the corrected coefficient of the first order
term, in newtons hour per kilometre;

J, is the corrected coefficient of the second
order term, in newtons hour squared per
kilometre squared;

¢, is the corrected constant term, in newton
metres;

c{ is the corrected coefficient of the first order
term, in newton metres hour per kilometre;

¢, is the corrected coefficient of the second
order term, in newton metres hour squared
per kilometre squared.

9.2.2 Determine the corrected road load as follows:
e o 2
I =fo + 11y, + 1Y

h " » ok _2
G = ¢+ ¢y + cp;
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where

1'; is the corrected total resistance at speed
Vi, in newtons;

(J; is the corrected running resistance at
speed Vi in newton metres.

9.3 Alternative correction method

As an alternative to the road load curve correction
described in 9.2, the following formula may be used
for the correction of total resistance at speed Vi when
air resistance data are available:

F} = KR, + (F,— R,){1 -+ Ko(T — 293)}

where Raj is the air resistance at speed Vi in
newtons, measured in a wind tunnel.

This correction method shall not be applied to the
torquemeter method.

10 Preparations for dynamometer test

10.1 Equipment and laboratory atmospheric
conditions

10.1.1 The instrumentation for the speed and time
measurements shall have thetaccuracydspecified:in
4.1. In the case of the torquemeter method;(the
torquemeter(s) shall be identical with that used on
the road. In the case of chassis dynamometers with
multiple rolls, the dynamometers shall be run in the
same coupled or uncoupled state as the subsequent
emission test, fuel economy test, etc., and the ve-
hicle speed shall be measured from the roll coupled
to the power absorption unit.

10.1.2 The chassis dynamometer rolis shall be
clean, dry and free from anything which might cause
tyre slippage.

10.1.3 The laboratory atmospheric temperature
shall be within 293 K to 303 K inclusive.

10.2 Inertia mass setting

Set the equivalent inertia mass of the chassis dyna-
mometer in accordance with the vehicle mass.

10.3 Preconditioning of chassis dynamometer

Precondition the chassis dynamometer in accord-
ance with the manufacturer's recommendations or
as appropriate. Usually 30 min at the highest refer-
ence speed is sufficient.

10.4 Tyre pressure adjustment

The tyre pressures shall be adjusted to that for the
test. They shall correspond to those recommended
for the range of vehicle speeds encountered during
the subsequent emission test, fuel consumption test,
etc. in conjunction with the roller geometry of the
chassis dynamometer to be wused. It is rec-
ommended that tyre pressures of 300 kPa be used
with roller diameters of less than 500 mm.

10.5 Vehicle preconditioning

Prior to the test, the vehicle shall be driven on the
chassis dynamometer for 15 min or until normal ve-
hicle operating temperatures have been reached,
under the prevailing laboratory ambient conditions.
During this precondilioning, the vehicle speed shall
not exceed the highest reference speed.

10.6 Target road load for dynamometer
setting

The power absorption unit of the dynamometer shall
be adjusted so that the corrected road loads ob-
tained in 9.2.2'0r/9.3 at all reference speeds are re-
produced on the dynamometer.

11 Dynamometer setting by coastdown
method

11.152Initial setting of dynamometer

The dynamometer shall be set to an initial condition
as appropriate. Some efficient procedures for the
initial setting are described in annex C.

11.2 Verification

11.2.1 Immediately after the initial setting, measure
the coastdown time on the dynamometer corre-
sponding 1o all the reference speeds by the pro-
cedure in 7.1.1 lo 7.2.3 omitting that in 7.2.2.

11.2.2 Repeat the measurement at least three
times until the variation of coastdown time from the
mean is less than 2 %.

11.2.3 Calculate the mean total resistance on the
chassis dynamometer, [, in newtons, using the fol-
lowing formula:

. 1 2Av
FC = —é?;_ (’nl + ,nd) A'['C
where

AT, is the mean coastdown time, in seconds;

m; is the equivalent inertia mass of the chassis

dynamometer, in kilograms;



my is the equivalent effective mass of the
wheels and vehicle component rotating
with the wheels during coastdown on the
chassis dynamometer, in kilograms. my
may be measured or calculated by an ap-
propriate technique. As an alternative iy
may be estimated as 1,5 % of the unladen

vehicle mass.

11.2.4 The setting error, ¢, in percent, is calculated
as follows:

Rl

pe— 1

I
C=J—TX1OO
1«

where [ is ihe correcied totai resistance at each
reference speed obtained in 9.2.2 or 9.3, in newtons.

setting errors at all the reference speeds satisfy the
criteria of the emission and fuel consumption test
requirements. As an alternative, the following set-
ting error criteria may be used:

£ < 3 % for vy > 50 km/h
£ <5 % for 20 km/h <y, < 50 km/h
£ < 10 % for vy < 20 km/h

where v, is the reference speed, in kilometres per
hour.

12 Dynamometer setting by torquemeter
method

12.1 Initial setting of dynamometer

Following preconditioning, stabilize the vehicle on
the dynamometer at the reference speed and adjust
the power absorption unit so that the corrected run-
ning resistance is reproduced. Carry out this pro-
cedure at all reference speeds. In case of the
dynamometer with coefficient control, an example
of this procedure is described in annex D.

12.2 Verification

12.21 Immediately after the initial setting, drive the
vehicle on the dynamometer at the reference speed
and carry out the measurement with the procedure
in 8.2.1 to 8.2.3, but using table 3 instead of table 2.
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Table 3
Time period Speed deviation
s km/h
5 + 0,1
10 + 0,2
15 + 0,3
20 +04
25 +05
30 + 0,6

12.2.2 Determine the running resistance at the ref-
erence speed by the procedure in 8.3.1.

12.2.3 Repeat the measurement at least three
times until the variation of torque from the mean is
less than 2 %.

12.2.4 Caiculate the setting error, ¢, in percent, as
follows: :

CH

—='%x"100

£= =
.

where

C, is the mean running resistance measured
on/the-dynamometer, in newton metres;

k. . .

C" is the corrected running resistance at the
reference speed determined in 9.2.2 or 9.3,
in newton metres.

12.2.5 Readjust the power absorption unit until the
setling errors at all the reference speeds satisfy the
criteria of the emission and fuel consumption tests.
As an alternative, the following setting error criteria
may be used:

£ < 3 % for vy > 50 km/h
£ <5 % for 20 km/h < vy < 50 km/h

£ < 10 % for vy < 20 km/h

where v, is the reference speed, in kilometres per
hour.

NOTE 2  Taking account of the difference in the dynamic
tyre radius between on the road and on the dynamometer,
this setting error criteria may not be identical to that in
the coastdown method.
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