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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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It is known that wind gives much influence to vehicle road-load measurement on test roads. Therefore, no
international standards or national standards/regulations allowed conducting on-road tests under windy (e.g. 3
m/s or more) conditions in terms of measurement accuracy. In this standard, wind effect correction
methodology is newly introduced into the conventional coastdown method and torquemeter method, and it
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imulated even under lower wind conditions.

method is based on the separation of the total road load into two components,aerodynam
ng resistance, where the former is measured in a wind tunnel and the latter with a chassis dy

Hitions or other requirements necessary for the on-road test. It is not the scope of this standg
equirements of wind-tunnel design or test practice. Nevertheless, the standard users are en
Huct the measurement with state-of-the-art wind-tunnel technologies.and to respect the hig
agement standards such as ISO 17025, so as to secure the measurément reliability and reped

iew of accessibility of the standard, International Standard SO 10521 is divided into two
bnd edition in order to provide two separate standards for the two different technic
rmination of road load and reproduction of road load on, chassis dynamometer.

S WIder (Up to wind Speed of 10 m/S) opportunity of on-road tests. In addition, more realfistc ropd load can

part of ISO 10521 also adopts the off-road road-load measurement method as the comparablé¢ alternative.

¢ drag and
hamometer.

alternative enables the standard users to carry out road-load measurement regardless of atmospheric
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Road vehicles — Road load —

Part 1:
Determination under reference atmospheric conditions
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Scope
part of ISO 10521 specifies methods of determining the road load of road yvghiCles for subs

of a vehicle running on a level road under reference atmospheric conditigns. It is achieved H
stdown method, the torquemeter method or the wind-tunnel/chassis-dyhamometer method.

part of ISO 10521 is applicable to motor vehicles, as defined i ISO 3833, up to a gross veh
0 kg.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For- Ghdated references, the latest edition of the

Liment (including any amendments) applies.

3833, Road vehicles — Types — Terms-and definitions

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

force-resisting-‘movement of a vehicle, measured either by the coastdown method or b
el/chassis=dynamometer method, including the friction forces in the drive-train

equent test
es the road
y either the

cle mass of

For dated
referenced

Oply.

y the wind-

mng reS|stance

-.Ii

|nclud|ng the friction torque in the drive-train downstream of the torquemeter

3.3

road load
general meaning of the force or torque which opposes the movement of a vehicle, including total resistance
and/or running resistance

3.4

aerodynamic drag
resistance of the air to the motion of a vehicle

© 1SO 2006 — All rights reserved
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3.5

rolling resistance
opposing force in the drive-train, axles and tyres to the motion of a vehicle

3.6

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

3.7

reference atmospheric conditions
atmospheric conditions of the following values, to which the road-load measurement results are corrected:

a) atmospheric pressure: p, = 100 kPa, unless otherwise specified by regulations;
b) atmospheric temperature: 7, = 293 K, unless otherwise specified by regulations;
c) dry air density: p, = 1,189 kg/m3, unless otherwise specified by regulations;

d) wind speed: 0 m/s.

3.8
stationary

anemometry

measuremgnt of wind speed and direction with an anemometer at a Jocation and height above road level

alongside the test road where the most representative wind conditions.will be experienced

3.9

onboard anemometry
measuremegnt of wind speed and direction with an anemometer appropriately installed to the test vehicle

3.10
wind corre

ction

correction df the effect of wind on road load, whichis-achieved either by stationary or by onboard anemomgtry

3.1

aerodynanijic stagnation point
point on thg surface of a vehicle where(the wind velocity is equal to zero

4 Requ

The required overall measurément accuracy shall be as follows:

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

b) time: +

red overall measurement accuracy

50.ms or + 0,1 %, whichever is greater;

c) wheeltorque: + 3 N'm or £ 0,5 %, whichever is greater;

d) wind speed: £ 0,3 m/s;

e) wind di

rection: + 3°;

f) atmospheric temperature: + 1 K;

g) atmospheric pressure: + 0,3 kPa;

h) vehicle mass: = 10 kg;

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=4416b796ba210518daea99f6ebaa0e75

ISO 10521

-1:2006(E)

i) tyre pressure: = 5 kPa;
j)  product of aerodynamic coefficient and frontal projected area (SCd): £ 2 %;
k) chassis-dynamometer roller speed: + 0,5 km/h or + 1 %, whichever is greater;
I) chassis-dynamometer force:
Category 1 chassis dynamometer: + 6 N, or
NOTE The Category 2 chassis dynamometer usually has a greater load capacity, e.g. 130 kW or more.
5 |Road-load measurement on road
5.1 Requirements for road test
5.1/1 Atmospheric conditions for road test
5111 Wind
The average wind speed over the test road shall not exceed 10 m/s, nor wind gusts exceed 14 m/s. Relevant
winI correction shall be conducted according to the applicable type of anemometry specified in[ Table 1. In
order to decide the applicability of each anemometry type, the average wind speed shall be defermined by
confinuous wind speed measurement, using a recognized meteorological instrument, at a locatior] and height
abole the road level alongside the test road where the most representative wind conditipns will be
expgrienced.
NOTE Wind correction may be waived whef.the average wind speed is 3 m/s or less.
Table 1 — Applicable anemometry depending on average wind speed and cross-wind component
Wind speed in metres per second (m/s)
Average wind speed
Absolute wind speed v <5 Absolute wind speed
Tyfe of anemometry - -
Cross-wind component (v.) Cross-wind component (v.) 5<v[<10
v.<3 3<v, <5
Stationary anemometry Applicable Not applicable Not applicable
OntPoard anemometry Applicable Applicable Applicable

I
NOTE

‘The stationary anemometry is recommended when the absolute wind speed is less than 1T m/s.

5.1.1.2

Atmospheric temperature

The atmospheric temperature shall be within the range of 274 to 308 K, inclusive.

5.1.2 Testroad

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 test-road longitudinal slope shall not exceed + 1 %. The local

© 1SO 2006 — All rights reserved
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inclination between any points 3 m apart shall not deviate more than + 0,5 % from this longitudinal slope. The

maximum ¢
5.2 Prep
5.21 Veh

5211

ross-sectional camber of the test road shall be 1,5 %.

aration for road test

icle preparation

Vehicle condition

The test vehicle shall be suitably run-in for the purpose of the subsequent test. The tyres shall be suitably

broken-in fq
initial tread

Unless any
the manufa

train and wheel-bearings, and brake adjustment to avoid unrepresentative parasitic drag.

During the

the road-logd measurement. Any covers of the air ventilation system, headlamps; etc., shall be closed,

the air-cong

The vehicle
mass of the

5.21.2 1

If the diffen
adjusted as

Soak the ty
down to th

environmen
formula:

AP, =
where

AP,

0,8

T

soak

r the purpose of the subsequent test, while still having a tread depth of not less than 50 %-o
depth.

particular purpose is intended, the vehicle shall be in normal vehicle conditions, as. specifie
cturer. That is, tyre pressure (see 5.2.1.2), wheel alignment, vehicle height, lubricants in the d
road test, the engine bonnet/hood and all windows shall be closed so that they will not influe
itioning switched off.

mass shall be adjusted to meet the requirement of the intended subsequent test, including
driver and instruments.

yre-pressure adjustment

ence between the ambient and soak temperatureiis more than 5 K, the tyre pressure shal
follows.

res for more than 4 h at 10 % above the target pressure. Just before testing, reduce the pres
e manufacturer's recommended inflation pressure, adjusted for difference between the soak
t temperature and the ambient test-t€émperature at a rate of 0,8 kPa per 1 K using the follo

’8X(Tsoak _Tamb)

is the tyre pressure adjustment, in kilopascals (kPa);

is the pressure adjustment factor, in kilopascals per kelvin (kPa/K);

is the-fyre-soaking temperature, in kelvins (K);

the

i by
ive-

nce
and

the

be

sure
ing-
ving

Tamb

is the test ambient temperature, in kelvins (K)

am

5.2.2

Installation of instruments

Any instruments, especially for those installed outside the vehicle, shall be installed on the vehicle in such a
manner as to minimize effects on the operating characteristics of the vehicle.

© 1SO 2006 — All rights reserved
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5.2.3 Vehicle preconditioning

Prior to the test, the vehicle shall be preconditioned appropriately, until stabilized and normal vehicle operating
temperatures have been reached. It is recommended that the vehicle should be driven at the most appropriate
reference speed for a period of 30 min. During this preconditioning period, the vehicle speed shall not exceed
the highest reference speed.

5.3 Measurement of total resistance by coastdown method

The total resistance shall be determined by either the multi-segment method (5.3.1), the average deceleration
method (:. 3 ')) or-the direct rngrnccinn method (R 3 Q)

5.3.1 Multi-segment method

5.31.1  Selection of speed points for road-load curve determination
In ofder to obtain a road-load curve as a function of vehicle speed, a minimum of four speed pointg, V. (j =1, 2,
etc.) shall be selected. The highest speed point shall not be lower than the highest reference speed{ and the

lowgst speed point shall not be higher than the lowest reference speed.-The interval between gach speed
point shall not be greater than 20 km/h.

5.3.1.2 Data collection

Dur|ng the test, a) and b) shall be measured and recorded at-@maximum of 0,2 s intervals, and c)and d) at a
maximum of 1,0 s intervals.

a) |elapsed time;
b) |vehicle speed;
c) |wind speed;
d) |wind direction.

NOTE The wind speed and the‘wind direction are measured by the stationary anemometry.

5.3.1.3 Vehicle coastdown

5.3.1.3.1 Followingpreconditioning, and immediately prior to each test measurement, drive the vehicle at
the highest referente)speed for, at most, 1 min, if necessary. Then accelerate the vehicle to 5 km/h more than
the speed at which the coastdown time measurement begins (V; + AV) and begin the coastdown injmediately.

5.3.1.3.2 _<During coastdown, the transmission shall be in neutral, and the engine shall run at|idle. In the
casg ofdvehicles with manual transmission, the clutch shall be engaged. Movement of steering-wheel shall be
avo|ded as much as possible, and the vehicle brakes shall not be operated until the end of the coagtdown.

5.3.1.3.3  Repeat the test, taking care to begin the coastdown at the same speed and preconditions.
5.3.1.3.4  Although it is recommended that each coastdown run be performed without interruption, split runs

are permitted if data cannot be collected in a continuous fashion for the entire speed range. For split runs,
care shall be taken so that the vehicle condition be constant as much as possible at each split point.

5.3.1.4 Determination of total resistance by coastdown time measurement
5.3.1.4.1 Measure the coastdown time corresponding to the speed V: as the elapsed time from the vehicle

speed (V]. + AV) to (V].—AV). It is recommended that AV be 10 km/h \'/(/hen the vehicle speed is more than
60 km/h, and 5 km/h when the vehicle speed is 60 km/h or less.

© 1SO 2006 — Al rights reserved 5
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5.3.1.4.2 Carry out these measurements in both directions until a minimum of three consecutive pairs of
figures have been obtained which satisfy the statistical accuracy p, in percent, defined below.

p:t_sxﬂg3%

Jn AT

where

n is the number of pairs of measurements;

AT; is the mean coastdown time at speed V', in seconds (s), given by the formula:

1 n
AT, :—ZAT~

in which

ATl is the harmonized average coastdown time of the ith pair of measurements at speed /1, in

l seconds (s) given by the formula:

2
AT =
Jt
(VAT i )+ (VAT ;)
and in which
AT;q; and AT 4, are the coastdown times of the ih measurement at speed V; in each direction,
' respectively, in seconds (s);
s is the standard deviation, inseconds (s), defined by the formula:
1 2
S :\/n_1 i=1(ATﬂ —ATJ)
t is the coefficient given in Table 2.
Table 2
; L

" Jn
3 4,3 2,48
4 3,2 1,60
5 2,8 1,25
6 2,6 1,06
7 Z,5 0,974
8 24 0,85
9 23 0,77
10 2,3 0,73
11 2,2 0,66
12 2,2 0,64
13 2,2 0,61
14 2,2 0,59
15 2,2 0,57

© 1SO 2006 — All rights reserved
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5.3.1.4.3 If, during a measurement in one direction, the driver is forced to change the vehicle direction
sharply, this measurement and the paired measurement in the opposite direction shall be rejected.

5.3.1.4.4  The total resistances, F, and Fj, at speed V; in each direction, in newtons, are determined by the
formulae: ' '

Fi :—i x(m+mr)>< 2x AV
/ 3,6 AT},
FJD _ 1 (m mr) 2 X AV
3,6 AT,
whqgre
m is the test vehicle mass including the driver and instruments, in kilegrams (kg);
my is the equivalent effective mass of all the wheels and vehiclé.components rotafing with the

wheels during coastdown on the road, in kilograms (Kg); m, should be measured or
calculated by an appropriate technique. As an alternative, m. may be estimated as 3 % of
the unladen vehicle mass;

AT, and ATy, are the mean coastdown times in each direction, respectively, corresponding {o speed Vi
in seconds (s), given by the formulae:

1 n
AT, :;ZATjai
i=1

1 n
ATjo == ATpy
i=1

5.3.1.4.5 The total-resistance curve shall be determined as follows. Fit the following regression furve to the
data sets (Vj, Fja) and (Vj, Fjb) corresponding to all the speed points Vi (=1, 2, etc.) and directfon (a, b) to
detgrmine /'y, /4 and f'5:

2

Fa = foa+ f1aV + fodV
2

Fy = fob + J1oV/ +T 2V

whdre

F,andF, are the total resistances in each direction, in newtons (N);

. L : s . R
J0a @ fop _are thecorstant termsimeactdirection, mrewtors(IN);

fia@nd fy, are the coefficients of the first-order term of the vehicle speed in each direction, in newtons
hour per kilometre (N-h/km); f; may be assumed to be zero, if the value of £,V is no greater
than 3 % of F at the reference speed(s); in this case, the coefficients f; and f, shall be
recalculated,;

fogand f,, are the coefficients of the second-order term of the vehicle speed in each direction, in
newtons hour squared per kilometre squared [(N-(h/km)?];

14 is the vehicle speed, in kilometres per hour (km/h).

© 1SO 2006 — Al rights reserved 7
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Then calculate the coefficients f;, f; and /', in the total-resistance equation using the following formulae:
_ Joa+fop
Jo=
2
= Jia t /1o
! 2
_Joat /o
I
where fy, f1land f; are the average coefficients in the following average total-resistance equation:
2
Favg =|fo+ [V + f2V
and in which Favg is the average total resistance, in newtons (N).
NOTE As a simple alternative to the above calculation, the following formula may be applied to compute the ave

total resistan
total resistan

where AT]. is
formula:

AT

and in which

Then, calculate the coefficients f;, 3 and f, inthe. total-resistance equation with the regression analysis.

5.3.2 Average deceleration method

As an alter
described i

q

L

5.3.2.1

Speed poin

ce.

the harmonized average of alternate coastdown time meastirements at speed VJ in seconds (s), given b

2
T (VATa)+ (VAT )

AT, and ATy, are the coastdown time at'speed V; in each direction, respectively, in seconds (s).

ative to the determination in 5.3.1, the total resistance may also be determined by the proced
5.3.2.1105.32.4:

election{of 'speed points for road-load curve determination

s shall be selected as specified in 5.3.1.1.

rage

ce, where the harmonized average of the alternate coastdown time is used ipstead of the average of altefnate

the

yres

5.3.2.2

Data collection

Data shall be measured and recorded as specified in 5.3.1.2.

5.3.2.3

Vehicle coa

Vehicle coastdown

stdown shall be conducted as specified in 5.3.1.3.
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5.3.2.4 Determination of total resistance by coastdown measurement

5.3.2.4.1

where AV is more than 10 km/h.

5.3.2.4.2

coefficients 4, A4, A5 and A43:

Va () = Agg + Atal + Apgt? + Azgt®

Vb (t) = AOb +A1bt+A2bl2 +A3bt3

-1:2006(E)

Record the speed-versus-time data during coastdown from vehicle speed (Vj + AV) to (Vj— AV),

Fit the following function to the group of data by polynomial regression to determine the

whdg

5.3.

whdg

5.3.
datd
sha

whd

re

Va(t), V(1) is the vehicle speed, in kilometres per hour'(km/h);

t is the time, in seconds (s);

Agar A1a) Aar Azas Agpy A1, Aop @nd A3y, are the coefficients.

.4.3 Determine the deceleration, Y in metres per second squared, at the speed V;as follo

1 2
}/J :%x(A1+2><A2tj +3><A3tj )

re s is the time at which the vehicle speed given by the’function in 5.3.2.4.2 is equal to Vi

.4.4 Repeat the measurements in both directions, until a minimum of four consecutive
have been obtained which satisfy the statistical accuracy p, in percent, below. The validity
| be decided in accordance with 5.3.1.4.3.

p:t_sx@SS%

T

re
n is the number of pairs of measurements;

I . is the mean‘average deceleration at the speed Vi in metres per second squared (m/s2),
~ formula; '

pairs of the
of the data

jiven by the

In which

I Z%X (V_jai +7_jbi)

and in which

7 jai @nd y jp,; are the decelerations of the ith measurement at the speed V; defined
for each direction, respectively, in metres per second squared (m/s2);

in 5.3.2.4.3

s is the standard deviation, in metres per second squared (m/s2), defined by the

formula:
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defined in 5

(m

F=

-1:2006(E)

is the coefficient given in Table 2.

Determine the total resistance F; at the speed Vi by the following formula, using m and m, as

3.1.4.4.

I,

+m) ;

5.3.2.4.6

Total-resistance curve determination

Determine the total-resistance curve as specified in 5.3.1.4.5.

5.3.3 Dirdct regression method
As an altefnative to the determination in 5.3.1.4.5, the total resistance may also. be determined by|the
following mathematical approach.
5.3.3.1  Selection of speed range for road-load curve determination
The test spged range (i.e. the maximum speed and the minimum speed)’shall be so determined that it cojers
the range ¢f the reference speeds, over which total resistance is measured. If the test is carried out in a
manner of gplit runs, each split speed range shall be determined accordingly.
5.3.3.2 Data collection
Data shall Qe measured and recorded as specified 5.3.1-2.
5.3.3.3  Vehicle coastdown
Vehicle cogstdown shall be conducted as specified in 5.3.1.3.
5.3.3.4 Determination of total resistance by coastdown measurement
The coefficients f;, /1 and £, shall'be calculated by approximating the relation between 7" and ¢ to tangent with
Equation (4), of which the mathematical process is as follows.
5.3.3.4.1 | Express F using Formulae (1) and (2):
F = fol+ f1V *foV 2 (1)
F = _3:16 (’M : mr) (LI: (2)
where
F is the total resistance, in newtons (N);
Jo s the constant term, in newtons (N);
f1 s the coefficient of the first-order term, in newtons hour per kilometre [N-(h/km)];
fo is the coefficient of the second-order term, in newtons hour squared per kilometre squared
[N-(h/km)?];
10 © 1SO 2006 — Al rights reserved
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m is the test vehicle mass including the driver and instruments, in kilograms (kg);

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

vV is the vehicle speed, in kilometres per hour (km/h).

5.3.3.4.2 Equation (3) is derived from Equations (1) and (2).

_3.6xdr dr

mrme fo v f + foV 2 )
5.3.8.4.3 Yield Equation (4) from Equation (3).
2 2
_ «l4><£(ij;2—f1 tan _3,6><21/X4(>;1j:?4:12r)—f1 <t=Cy |- 2>{1f2 @)
whgre
t isthe time, in seconds (s);
Co s the integration constant.
5.3.3.4.4 Replace Equation (4) with (5).
V = Atan(Bt+C)+ D (5)

5.33.4.5 Calculate 4, B, C and D in the approximate Equation (5) by the least-squares method, and then
detgrmine the coefficients fy, /4 and f; by the following formulae:

1 B
fo :—&—6x(m+mr)xzx(A2+D2)

2xBD
A

1
11 :3’—6><(m+mr)x

1 B
f2 :—%X(m+mr)><g

NOTE If'coastdowns are carried out in the manner of split runs, the total resistance, F, can be calculated as follows.
Calqulate‘the road-load force for each reference speed included in the actual coastdown speed range. Then put each split
dataLinte one set, and calculate one road-load force equation for respective directions

5.3.3.4.6 Total-resistance curve determination

Determine the total-resistance curve as specified in 5.3.1.4.5.

5.4 Onboard-anemometer based coastdown method

As an alternative to the determination in 5.3.1, 5.3.2 or 5.3.3, the total resistance may also be determined by
the procedure described in 5.4.1 to 5.4.5. This method is applicable to a wind speed range up to 10 m/s on a
test road as given in Table 1.
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5.4.1 Selection of speed range for road-load curve determination

Select the test speed range as specified in 5.3.3.1.

5.4.2 Data collection

The following data shall be measured and recorded at a maximum of 0,2 s intervals during the test.

a) elapsed time;

b) vehicl

speed:
1 y

c) wind speed and direction.

NOTE 1

5.4.3 Vehjicle coastdown

Vehicle coad
installed on

characterisfics of the vehicle is minimized. It is recommended to install the anémometer at the aerodyn4

stagnation
anemometg
An examplg

5.4.4 Determination of coefficients

Calculate e
wind data.

dv/Ade

9mech

'he wind speed and the wind direction are measured by the onboard anemometry.

stdown shall be conducted as specified in 5.3.1.3.1 to 5.3.1.3.4 with (an onboard anemom
the vehicle. The anemometer shall be installed in a position such thatthe effect on the operg

point of the vehicle’s front and approximately 2 m in front of it. Before the coastdown,

of the anemometer calibration procedure is given in AnnexA.

ch coefficient by the following equation with multi-regression analysis, using coastdown time

(m+mr) X (L—I: = Amech +bmechV+CmechV2 +% X pSVr2 x (ao +a46 + a26’2 +a393 + a494)

is the test vehicle mass including driver and instruments, in kilograms (kg);

is the equivalent'effective mass of all the wheels and vehicle components rotating with
wheels during coastdown on the road, in kilograms (kg); m, should be measure
calculated by an appropriate technique; as an alternative, m. may be estimated as 3 §
the unladen vehicle mass;

is.the acceleration, in kilometres per hour per second [(km/h)/s];

is the coefficient of mechanical drag, in newtons (N);

eter
ting
mic
the

r shall be installed on the vehicle and calibrated appropriately,\as specified by the manufactdirer.

and

the
il or
o of

mech

€ mech

12

is the coefficient of mechanical drag, in newtons per kilometre per hour [N/(km/h)];

is the coefficient of mechanical drag, in newtons per kilometre squared per hour squared

[N/(km/h)2];
is the vehicle speed, in kilometres per hour (km/h);

is the relative wind speed, in kilometres per hour (km/h);

is the air density, in kilograms per cubic metre (kg/m3);

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=4416b796ba210518daea99f6ebaa0e75

NOT

5.4.p—Determinationof-totatresistance

ISO 10521-1:2006(E)

S is the projected frontal area of the vehicle, in square metres (m?2);

a, (n = 0 to 4) is the coefficient for aerodynamic drag as a function of yaw angle, in degrees™;

o is the yaw-angle apparent wind relative to the direction of vehicle travel, in degrees.

E If the wind speed is close to O, the equation theoretically cannot separate cec, @nd (1/2) xag p S
appropriately. Therefore, a contrained analysis, where a is fixed if it is previously determined, for example in a wind
tunnel, or ¢ chy is @ssumed to be zero, may be employed.

Calgulate the total resistance, F, where all the wind effects are eliminated, by the following €quation with the

coe

5.5

As an alternative to the coastdown methods, the torquemeter method may also be used, in which
resigtance is determined by measuring the torque as described in 5:5:1 to 5.5.3.

5.5.1 Installation of torquemeter

The)

5.5.2 Vehicle running and data sampling

5.5.2.1 Start of data collection

ficients obtained in 5.4 .4.
1 2
F = amech + bmech? +| ¢mech +EX agpS |V

Measurement of running resistance by torquemeter method

the running

torquemeter(s) shall be installed on the drive-trainyof the test vehicle. It is preferable to have wheel
torquemeters on each driven wheel.

The| data collection may be started following preconditioning and stabilization of the vehicle at the speed 1,
whgre the running resistance is to:be measured. '
5.5.2.2 Data collection
Reqgord at least 10 data,sets of speed, torque and time over a period of at least 5 s.
5.5.2.3 Speeddeviation
The| speed deviation from the mean speed shall be within the values in Table 3.
Table 3
Time period Speed deviation

s km/h

5 +0,2

10 +0,4

15 +0,6

20 +0,8

25 +1,0

30 +1,2

© 1SO 2006 — All rights reserved
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5.5.3 Calculation of mean speed and mean torque

5.5.31 Calculation process

Calculate the mean speed V;,,, in kilometres per hour (km/h), and mean torque Cj;,, in newton metres (N'm),
over a time period, as follows:

and

where

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

k is the number of data sets;
and

G is the torque of the it data set, in newton metres (N-m);

Cis is the compensation term for the speed drift, in newton metres (N-m), which is given by the following
foimula; C;; shall be not greater than 5 % of theZmean torque before compensation, and may be
neglected |f % is no greater than + 0,005 m/s2;

Cls =(m+mr)><ajrj

in which

mand m, are the test vehicle mass and the equivalent effective mass, respectively, both in
kilograms (kg); defined in 5.3.1.4.4;

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

<3

1 Vim

r X
J 36/ 2xmN

and n which

N is the rotational frequency of the driven tyre, in revolutions per second (s71);

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

k

k k
S-Sy,
a. = « i=1 i=1 z:']

/ 3,6 [ k
t;
i: i=1
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and in which ¢, is the time at which the ith data set was sampled, in seconds (s).

5.5.3.2  Accuracy of measurement

Carry out these measurements in both directions until a minimum of four consecutive figures have been
obtained which satisfy accuracy p, in percent (%), below. Calculate the mean speed 7V, in kilometres per

hour (km/h), and mean torque C,,, in newton metres, over a time period as follows. The validity of the data
shall be decided in accordance with 5.3.1.4.3.

whdre

k is the number of data sets;

5/ is the running resistance at the speed Vi in newton metres (N-m), given.by the formula:

in which C,,; is the average torque of the ith pair of data_séts at the speed , in newton metres (N-m),
given by the formula

1
Cimi = 2% (ijai + ijbi)
and in which

Cimai @nd Cj,;  are the meatytorques of the ith data sets at the speed V; determingd in 5.5.3.1
' for each-ditection respectively, in newton metres (N-m); ’

s is thestandard deviation, in newton metres (N-m), defined by the formula:

- (52w E)

i=1

1/ is the coefficient given by replacing » in Table 2 with %.

5.5.3.3  Validity of the measured average speed

The| average speed V' ; jmi» shall not deviate by more than + 2 km/h from its mean, ViV imi
caldulated as follows: . .

and I7j shall be

and

Vimi = rk (ijai + ijbi)

where Vi, and Vi, are the mean speeds of the ith pair of data sets at the speed V; determined in 5.5.3.1 for
each direction respectively, in kilometres per hour (km/h).
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5.5.4 Running resistance curve determination

The following regression curve shall be fitted to all the data pairs (V

at all speed

C...)and (V.

. : G . Jm’ ~jma Jm’
points V; (j = 1, 2, etc.) described in 5.3.1.1, to determine cqy, cop, C1a: C1p, €25 AN Cop!

Ca =Cpa +C1aV+6'2aV2

Cb =Cop +C1bV+6'2bV2

where

Cimp) for both directions

C, and
Cpa @NG

cqg are

Cog @NG

V

Then calcul

| o

Co =

C1=—

Q

6‘2 = —

where

Co, C1 a

c

and in whic

C, are the running resistances in each direction, in newton metres (N-m);
cop are the constant terms in each direction, in newton metres (N-m);

cqp are the coefficients of the first-order term in each direction, in newton) metres hour
kilometre [N-m(h/km)]; ¢, may be assumed to be zero, if the value of ;7 is no greater
3% of C at the reference speed(s); In this case, the coefficients ¢y and c, shal
recalculated;

¢, are the coefficients of the second-order term in each direction, in newton metres
squared per kilometre squared [N-m(h/km)?];

is the vehicle speed, in kilometres per hour (km/h).

pte the coefficients ¢, ¢4 and ¢, in the total torque equation using the following formulae:

a tCob
2

h T C1b
2

at 2
2

nd ¢, are the‘average coefficients in the following average total torque equation:
_ 2

vg = co +C1V+6'2V

N C5, is the average running resistance, in newton metres (N-m).

avg

per
han
be

nour

5.6 Correction to standard atmospheric conditions

5.6.1 Correction factors

5.6.1.1 Determination of correction factor for air resistance

Determine the correction factor for air resistance K, as follows:

27203

16

T 100
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where
T is the mean atmospheric temperature, in kelvins (K);

p is the mean atmospheric pressure, in kilopascals (kPa).

5.6.1.2 Determination of correction factor for rolling resistance

The correction factor, K, for rolling resistance, in reciprocal kelvins, may be determined, based on the
empirical data for the particular vehicle and tyre test, or may be assumed as follows:

Ko =81x1073 xK™

5.6.1.3 Wind correction

Wind correction, for absolute wind speed alongside the test road, shall be made by subtracting thg difference
that| cannot be cancelled by alternate runs from the constant term f; given inn5:3.1.4.5, or from| cq given in
5.5.44. This wind correction shall not apply in the onboard-anemometer-basedcoastdown method (5.4) as the
wingl correction is made during the series of data sampling and subsequent analysis. The wind correction
resistance w, for the coastdown method (5.3) or w, for the torquemeter ‘method shall be calculgted by the
formulae:

W1 =3,62 ><f2vv2‘,

or
Wy = 3,62 x czvvzv
whqgre
wy is the wind correction resistance,\in newtons (N);
/o is the coefficient of the aerodynamic term determined in 5.3.1.4.5;
v,, is the average wind'speed alongside the test road during the test, in metres per second (/s);
or

wo is the wind-correction resistance, in newtons (N);

¢y isdhecoefficient of the aerodynamic term determined in 5.5.4.

5.6.2“” Road-load curve correction

5.6.2.1 The fitting curve determined in 5.3.1.4.5, 5.3.2.4.6 or 5.3.3.4.6 shall be corrected to reference
conditions as follows:

F Z{(fo—W1)+f1V}X{1+K0(T—293)}+K2f2V2
where
F* is the corrected total resistance in newtons (N);

Jo s the constant term, in newtons (N);
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f1 s the coefficient of the first-order term, in newtons hour per kilometre [N-(h/km)];

fo is the coefficient of the second-order term, in newtons hour squared per kilometre squared
[N-(h/km)?];

K, is the correction factor for rolling resistance, as defined in 5.6.1.2;
K, is the correction factor for air resistance, as defined in 5.6.1.1;

vV is the vehicle speed, in kilometres per hour (km/h);

wy is the wind correction resistance, as defined in 5.6.1.3.

5.6.2.2 The fitting curve determined in 5.4.5 shall be corrected to reference conditions as follows:

F* :(lmech +bmechV+cmechV2)X{1+K0 X(T—293)}+%><K2£ZOpSV2

F* is the corrected total resistance, in newtons (N);

amech [is the coefficient of mechanical drag, in newtons (N);
bmech |is the coefficient of mechanical drag, in newtons per kilometre per hour [N/(km/h)];

cmech |is the coefficient of mechanical drag, in newtons per kilometre squared per hour squared

[N/(km/h)?];
o is the air density, in kilograms per cubic;metre (kg/m3);
S is the projected frontal area of the ‘vehicle, in square metres (m?);
ag is the coefficient for aerodynamic drag, as a function of yaw angle;
Ky is the correction factof. for rolling resistance, as defined in 5.6.1.2;
K, is the correction-factor for air resistance as defined in 5.6.1.1;
vV is the vehiclé speed, in kilometres per hour (km/h).
5.6.2.3 The fitting curve determined as decribed in 5.5.4 shall be corrected to reference conditions as

follows:

C" ={(co —wa) +ei | x {1+ Ko (T ~293)} + Kpe,l 2
where

C* is the corrected total running resistance, in newton metres (N-m);

cg s the constant term, in newton metres (N-m);

c¢q is the coefficient of the first-order term, in newton metres hour per kilometre [N-m (h/km)];
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¢, is the coefficient of the second-order term, in newton metres hour squared per kilometre squared

[N-m-(h/km)?2];
K, s the correction factor for rolling resistance as defined in 5.6.1.2;

K, is the correction factor for air resistance as defined in 5.6.1.1;

V' is the vehicle speed, in kilometres per hour (km/h);

wy is the wind correction resistance as defined in 5.6.1.3.

6

6.1

6.1

The

repiiesentative of the on-road SCd value.

6.1

6.1.
SO
gro
adju
hea
the

6.1.
Itis
Twd
test

sha
valy

6.1

Det

6.2

1 Requirements for wind tunnel

.2 Testing procedure

.B Test result

Road-load measurement by wind tunnel/chassis dynamometer

Aerodynamic drag measurement in wind tunnel

wind-tunnel design, the test methods and the corrections shall be sufficient to provide a S

R.1 The test vehicle shall be positioned according ¢e_the specifications of the wind-tunne
s to ensure that the air stream is parallel to the longitudinal axis of the test vehicle. The

sted if required. The engine bonnet/hood, alliwindows, any covers of the air ventilati
dlamps, etc., shall be closed. The test vehicle'shall be immobilized in a way that minimizes t
Birflow.

.2 The measurement shall be conducted according to the specification of the wind-tunne
recommended to use the test section.wind speed of 140 km/h, but the lowest wind speed shall

measurements shall be condueted. If the difference in the resultant SCd values is greater th
vehicle set-up and the wind-tunnel set-up shall be checked and corrected if necessary. Two

| then be performed. This.procedure shall be repeated until a difference of no more than 1 % b
es is obtained.

prmine the-test result (SCd), in square metres, by averaging a pair of the measurement values.

Rolling resistance determination with chassis dynamometer

'd [(see 4j)]

laboratory,
test-vehicle

nd clearance shall be checked according to the.vehicle manufacturer's specification, apd shall be

pn system,
he effect on

laboratory.
be 80 km/h.

an 1 %, the
urther tests
etween two

6.2.

1 Testing device

The chassis dynamometer shall have the following characteristics:

single roller (double single rollers for permanent four-wheel-drive vehicles);

roller diameter: no less than 1,2 m;

roller surface: smooth steel, or other equivalent materials, or textured and shall be kept clean. In cases
where a textured surface is used, this fact shall be noted in the test report, and the surface texture shall

be 180 um deep (80 grit).
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19


https://standardsiso.com/api/?name=4416b796ba210518daea99f6ebaa0e75

ISO 10521

-1:2006(E)

The external vehicle-cooling fan shall have the following characteristics:

— blower

— cooling

nozzle area: surface: greater than 0,4 m2;

wind speed: + 2 km/h of roller speed.

6.2.2 Testing procedure

The rolling resistance of the front and rear wheels shall be measured separately. When a double-single-axis-
type chassis dynamometer is used for a permanent four-wheel-drive vehicle, the resistance of both axles may

dcimulianan ol Durina tha tact tha voahinla chall ha ~aalad vaith o Avtaernal ~aaalin sy £

be measurg

NOTE )
6.2.2.1
6.2.2.2
the chassis
6.2.2.3
first;
a) restrair
b) warm
highes
C) measu
d) decrea
e) measu
f) repeat
g) once th
from ¢
h) if the g
dynam

performed. This procedure shall be repeated until a difference of no more than 4 % between two val

at any

i) once ty
measu

AL
O romtar TC O STy T DO g tiCtC oG tC v ST~ oTam o T~ CoOTTIC Uit ol CATC o CoomTg—Tart

Adjust the vehicle conditions as specified in 5.2.1.1.

Adjust the test room temperature to 293 K fg K. Warm up the chassis dynamométer accordin
dynamometer specification. Measure the chassis-dynamometer running losses:

Place the non-driving wheels in the normal front-driving direction on-the chassis dynamom

the vehicle, taking care not to apply an abnormal load on the4nieasured axle;

p the axle until the chassis-dynamometer force is stabilized, or up to a maximum of 30 min af
reference speed;

e the axle rolling resistance for this speed;

5e the speed to the immediate lower reference 'speed;
re the axle rolling resistance for this new.speed;

c) to e) for each reference speed;

e loads have been measuredfor each reference speed, repeat the entire measurement proce
to f);

ifference is greaterCthan 4 % at any reference speed, the test vehicle set-up and the chas
bmeter set-up shall*be checked and corrected, if necessary. Two further tests shall ther

reference speed, is obtained;

vo satisfactory measurements have been obtained, the final result shall be the average of the
rements for each reference speed.

[his procedure is based on force measurement at several steady speed points and not under deceleration.

g to

eter

the

Jure

sis-
be
les,

two

6.2.2.4

D 41 Lo, 1 1 1 . ! +
1aCtt UIC UTIvITIY dAlIC UTT UI1E Lldssis UyTialTioriceicr,

a) restrain the vehicle, taking care not to apply an abnormal load on the measured axle;

b) adjust the chassis-dynamometer load to an appropriate value;

c) warm up the axle until the chassis-dynamometer force is stabilized, or up to a maximum of 30 min at the
highest reference speed, running the engine on the appropriate gear;

d) return the engine to idle, shift the transmission into neutral, and re-engage the clutch in the case of a

manua

| transmission vehicle;

e) stabilise the speed at the highest reference speed;

20
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f)  measure the axle rolling resistance for this speed;

g) decrease the speed to the immediate lower reference speed,;
h) measure the axle rolling resistance for this new speed;

i) repeat e) to h) for each reference speed;

j)  once the loads have been measured for each reference speed, repeat the entire measurement procedure
from e) to i);

k) [if the difference is greater than 4 % at any reference speed, the test vehicle set-up and.the chassis-
dynamometer set-up shall be checked and corrected, if necessary. Two further tests shall then be
performed. This procedure shall be repeated until a difference of no more than 4 % between two values
at any reference speed is obtained;

I) |once two satisfactory measurements have been obtained, the final result shall.be’the average of the two
measurements for each reference speed.

6.2.3 Testresults

Forleach reference speed /, calculate the total rolling resistance using'the following formula:
Rry j = Rry j + Rry ; = 2% Riogs

whqre

Rry; is the total rolling resistance, in newtonsy(IN);

Rry; is the rolling resistance of the frontwheel, in newtons (N);

RrrJ is the rolling resistance of therear wheel, in newtons (N);

Rrpss; is the loss of the chassis dynamometer, in newtons (N).

The Rry; result should be correéted. Examples of the correction procedures are given in Annex B.

6.3| Total-resistance calculation

The] total road-load resistance is calculated for each reference speed Vi by the following formulg, using SCd
obtdined in 6{1\and Rry ;in 6.2:

2
SCAV ;
Fj:n12><p °]+th’j
9,0 =
where

F. s the total road-load resistance, in newtons (N);

p s the air density, in kilograms per cubic metre (kg/m3);
S s the projected frontal area of the vehicle, in square metres (m?2);

Cd is the aerodynamic coefficient;
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i

is the vehicle speed, in kilometres per hour (km/h).

6.4 Total-resistance curve determination

If necessary, the total-resistance curve shall be determined by fitting the following regression curve with the
least-squares method:

F=fo+ [V +fol?

where

F
Jo
i
f2

22

is

is

is

is

is

he total resistance, in newtons (N);

he constant term, in newtons (N);

(hkm)?];

he vehicle speed, in kilometres per hour (km/h).

he coefficient of the first-order term, in newtons hour per kilometre (N-h/km);

the coefficient of the second-order term, in newtons hour squared per kilometre squared
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Annex A
(informative)

Examples of onboard-anemometer calibration procedure

A.1 Introduction

Thig
The)

relal
des
spe

A.

A

appfoximately aerodynamic stagnation height, level with the vehicle front bumper. Typically,

pro
as

refe

suc
equ

A “Z
line
veh

The)
dec

A.3

A3

Synrbols and the meanings in A.3 are as follows:

V

Va

Vw

-1:2006(E)

annex gives an example of a calibration procedure for a type of onboard-anemometer to be
onboard-anemometer-based coastdown method requires instrumentation that measures tk
live air speed and apparent yaw angle encountered by the vehicle during a coastdowntest. ]
Cribed below requires that the calibration data collection assume a minimum variation in th
bd and true wind attack angle, during each pair of opposite direction drives.

Instrumentation and theory

used in 5.4.
e apparent
'he method
e true wind

eteorological anemometer is installed on a mast, approximately 2 m in front of the vehicle at the

uces an anemometer-propeller rotational signal which is proportional to the apparent relativg
vell as a static signal that indicates the angular direction<ef the anemometer vane with resp
rence position. These signals are assumed to correlate with the observed changes in vehicle d
n that the coefficients S, ag, a4, ay, az and a, can be détermined in the following aerodynamic

ation, which is consistent with that described in 5.44;
Faero = %x pSVr2 X (ao +a40 + a26’2 + a393 + a46’4)

ero yaw offset” must be calculated by.a’method described in this Annex, because the aerodyna
of the anemometer may not be'‘assumed to coincide exactly with the aerodynamic centrg
cle.

following procedure outlines a method by which the anemometer signals can be correlate
Eleration.

Assumptions and procedural suggestions

L1 Symbols

this device
b air speed,
bct to some
eceleration,
drag (F,...)

acro

mic centre-
-line of the

il to vehicle

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

is the apparent air speed, in the direction of the vehicle movement without respect to wind, in

kilometres per hour (km/h);
is the true wind speed, in kilometres per hour (km/h);
is the true direction of the wind, with respect to the direction of the track, in degrees;

is the zero yaw offset angle, in degrees;
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Ghrue is the true yaw angle, in degrees;

[

pparent is the apparent yaw angle, in degrees;

Ve is the true relative air speed, in kilometres per hour (km/h);

Vrapparent IS the apparent relative air speed, in kilometres per hour (km/h);

ky is the yaw correction coefficient;

ka is|the coefficient relating Vry e o Vrigpparent;

ka* is|the coefficient relating V' to Va;

kr is|the minimum velocity at which the anemometer will respond, in kilometres per hour{km/h);
ku is|a unitless coefficient relating yaw angle to relative air speed.

A.3.2 Graphical description of the pertinent parameters

The apparept air speed (Va) is lower than the vehicle speed (V) due to the ptesence of the vehicle. Becauge of
this retardalive effect, the measured relative air speed (V”apparent) and the jtrue relative air speed (Vry,,c) are
shown graphically in Figures A.1 and A.2.

rent

Figure A.1 — Direction against the wind Figure A.2 — Direction with the wind

A.3.3 Equation assumption

When it is assumed that the variation in the true wind attack angle during each pair of opposite direction drives

is a minimum, Va can be calculated with Vryppaent @Nd 6 5pparent as follows.

v Vr1,apparent cos 6’1,apparent + (Vr1,apparent sin 6’1,apparent/V’”2,apparent SIr"'5’2,apparent ) x Vr2,apparent cos 92,apparent
a=

1+ (V " apparent sin 91,apparent /Vr2,apparent sin 92,apparent )
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