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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 1ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 28580 was prepared by Technical Committee ISO/TC 31, Tyres, rims and valves.
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Passenger car, truck and bus tyres — Methods of measuring
rolling resistance — Single point test and correlation of
measurement results

1 Scope

This International Standard specifies methods for measuring rolling resistance, under controlled laboratory
conditions, for new pneumatic tyres designed primarily for use on passenger cars, trucks and buses. Tyres
intended for temporary use only are not included in this International Standard.

This International Standard includes a method for correlating measurement results to allow inter-laboratory
comparisons. Measurement of tyres using this method enables comparisons to be made between the rolling
resistance of new test tyres when they are free-rolling straight ahead, in a position perpendicular to the drum
outer surface, and in steady-state conditions.

In measuring tyre rolling resistance, it is necessary to measure small forces in the presence of much larger
forces. It is, therefore, essential that equipment and instrumentation of appropriate accuracy be used.

2 Normative references

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

ISO 4000-1:2007, Passenger car tyres and rims — Part 1: Tyres (metric series)

ISO 4209-1:2001, Truck and bus tyres and rims (metric series) — Part 1: Tyres

ISO 4223-1, Definitions of some terms used in the tyre industry — Part 1: Pneumatic tyres

ISO 8855, Road vehicles — Vehicle dynamics and road-holding ability — Vocabulary

3 Terms and definitions
For the purposes of this document, the terms and definitions given in 4223-1 and the following apply.

31
rolling resistance
F

]
loss of energy (or energy consumed) per unit of distance travelled

NOTE The International System of Units (SI) unit conventionally used for the rolling resistance is the newton-metre
per metre, which is equivalent to a drag force in newtons.
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3.2

rolling resistance coefficient

CI‘

ratio of the rolling resistance to the load on the tyre

NOTE The rolling resistance is expressed in newtons and the load is expressed in kilonewtons. The rolling resistance
coefficient is dimensionless.

3.3

capped inflation

process of inflating the tyre and allowing the inflation pressure to build up, as the tyre is warmed up while
running

3.4

parasitic loss

loss of energy (or energy consumed) per unit distance excluding internal tyre losses, attributable to
aerodynamic loss of the different rotating elements of the test equipment, bearing friction and other sources of
systematic loss which may be inherent in the measurement

NOTE This International Standard describes which sources of loss are to be excluded from the result of the
measurement.
3.5

skim test reading
type of parasitic loss measurement in which the tyre is kept rolling, without slippage, while reducing the tyre
load to a level at which energy loss within the tyre itself is virtually zero

3.6

inertia

moment of inertia

ratio of the torque applied to a rotating body to the rotational acceleration of this body

NOTE 1 The rotating body can be, for example, a tyre assembly or machine drum.
NOTE2  See AnnexB.

3.7

new test tyre

tyre which has not previously been used in a rolling deflected test that raises its temperature above that
generated in rolling resistance tests, and which has not previously been exposed to a temperature above
40 °C

NOTE 1 In addition to the tests described in this International Standard, rolling resistance tests are also described in
ISO 18164, SAE J1269 and SAE J2452.

NOTE 2 It is permissible to repeat an accepted test procedure.

3.8

measurement result correlation

set of rolling resistance measurements to be carried out on a regular time basis by separate laboratories, in
order to allow direct comparisons between their rolling resistance results

NOTE The results of these measurements are used to compute “alignment” corrective coefficients and permit
calculation of aligned rolling resistance measurement, C, ;ji;neq (S€€ Clause 10).

3.9

reference machine
machine considered as a reference for an alignment

2 © 1SO 2009 - All rights reserved
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3.10

alignment tyres

set of two predetermined tyres measured by both the candidate and reference machines to perform machine
alignment

NOTE See Clause 10.
3.11

laboratory control tyre
tyre used by an individual laboratory to control machine behaviour as a function of time

NOTE An example of machine behaviour is drift.
3.12

measurement reproducibility

o_m

capability of a machine to measure rolling resistance

NOTE o, can be estimated by measuring n times (where n > 3) the whole procedure described in Clause 7 for the
two alignment tyres, assuming that the variances of the two alignment tyres are homogeneous, as follows:

/1 2,
Om = Ezam,i

2
1.3 1L
Omi = Crij ~ [;ZCW}

n—1 = =

where

i is either 1 or 2, corresponding to each of the alignment tyres;

j is the counter from 1 to n for the number of repetitions of each measurement for a given tyre;

n is the number of repetitions of tyre measurements.
3.13
deviation of alignment tyre
difference in terms of time compared with the mean rolling resistance coefficient measurement results for a

given alignment tyre with the appropriate number of repetitions

NOTE See 10.4.

4 Test methods

The alternative measurement methods listed below are given in this International Standard. The choice of an
individual method is left to the tester. For each method, the test measurements shall be converted to a force
acting at the tyre/drum interface. The measured parameters are:

a) in the force method: the reaction force measured or converted at the tyre spindle;

NOTE 1 The measured value in the force method also includes the bearing and aerodynamic losses of the wheel and
the tyre, which are also to be considered for further data interpretation.

b) in the torque method: the torque input measured at the test drum;

© I1SO 2009 — All rights reserved 3
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c) inthe deceleration method: the measurement of deceleration of the test drum and tyre assembly;
d) in the power method: the measurement of the power input to the test drum.

NOTE2 The measured value in the torque, deceleration and power methods also includes the bearing and
aerodynamic losses of the wheel, the tyre and the drum, which are also to be considered for further data interpretation.

5 Test equipment
5.1 Drum specifications

5.1.1 Diameter
The test dynamometer shall have a cylindrical flywheel (drum) with a diameter of at least 1,7 m.

The F, and C, values shall be expressed relative to a drum diameter of 2,0 m. If a drum diameter other than
2,0 m is used, a correlation adjustment shall be made in accordance with 9.3.

5.1.2 Surface

The surface of the drum shall be smooth steel. Alternatively, in order to improve skim test reading accuracy, a
textured surface may also be used, which shall be kept clean.

The F, and C, values shall be expressed relative to the “smooth” drum surface. If a textured drum surface is
used, see Clause A.7.

5.1.3 Width

The width of the drum test surface shall exceed the width of the test tyre contact patch.

5.2 Measuring rim

The tyre shall be mounted on a steel or light alloy measuring rim, as follows:

— for passenger car tyres, the width of the rim shall be as defined in ISO 4000-1:2007, 6.2.2;
— for truck and bus tyres, the width of the rim shall be as defined in ISO 4209-1:2001, 5.1.3.
No other rim width shall be allowed.

See Annex C.

5.3 Load, alignment, control and instrumentation accuracies

Measurement of these parameters shall be sufficiently accurate and precise to provide the required test data.
The specific and respective values are shown in Annex A.

5.4 Thermal environment

5.4.1 Reference conditions

The reference ambient temperature, measured at a distance not less than 0,15 m and not more than 1 m from
the tyre sidewall, shall be 25 °C.
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5.4.2 Alternative conditions

If the test ambient temperature is different from the reference ambient temperature, the rolling resistance
measurement shall be corrected to the reference ambient temperature in accordance with 9.2.

5.4.3 Drum surface temperature

Care should be taken to ensure that the temperature of the test drum surface is the same as the ambient
temperature at the beginning of the test.

6 Test conditions

6.1 General

The test consists of a measurement of rolling resistance in which the tyre is inflated and the inflation pressure
is allowed to build up, i.e. “capped air”.

6.2 Test speeds

The value shall be obtained at the appropriate drum speed specified in Table 1.

Table 1 — Test speeds

Tyre type

Passenger car Truck and bus

Load index
LI

All LI <121 LI > 121 LI > 121

J@and lower or
Speed symbol All All tyres not marked with Kb and higher
speed symbol

Test speed
80 80 60 80
km/h
a 100 km/h.
b 110 km/h.
6.3 Test load

The standard test load shall be computed from the values shown in Table 2 and shall be kept within the
tolerance specified in Annex A.

6.4 Test inflation pressure

The inflation pressure shall be in accordance with that shown in Table 2 and shall be capped with the
accuracy specified in Clause A.4.

© I1SO 2009 — All rights reserved 5
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Table 2 — Test loads and inflation pressures
Tyre type
Passenger car
Truck and bus
Standard load Reinforced or extra load
Load
% of maximum load 80° 804 85°
capacity
Inflation pressure Corresponding to
210 250 maximum load capacity for
kPa single application ©

NOTE The inflation pressure is capped with the accuracy specified in Clause A.4.

@  For those passenger car tyres belonging to categories not shown in ISO 4000-1:2007, Annex B, the inflation pressure shall be

the inflation pressure recommended by the tyre manufacturer, corresponding to the maximum tyre load capacity, reduced by
30 kPa.

b Asa percentage of single load, or 85 % of maximum load capacity for single application specified in applicable tyre standards
manuals if not marked on tyre.

€ Inflation pressure marked on sidewall, or if not marked on sidewall, as specified in applicable tyre standards manuals

corresponding to maximum load capacity for single application.

6.5 Duration and speed
When the deceleration method is selected, the following requirements apply:
a) for duration Ar, the time increments shall not exceed 0,5 s;

b) any variation of the test drum speed shall not exceed 1 km/h within one time increment.

7 Test procedure

7.1 General

The test procedure steps described below shall be followed in the sequence given.

7.2 Thermal conditioning
The inflated tyre shall be placed in the thermal environment of the test location for a minimum of:
— 3 hfor passenger car tyres;

— 6 hfor truck and bus tyres.

7.3 Pressure adjustment

After thermal conditioning, the inflation pressure shall be adjusted to the test pressure and verified 10 min
after the adjustment is made.

7.4 Warm-up

The warm-up durations shall be as specified in Table 3.

6 © 1SO 2009 — All rights reserved
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Table 3 — Warm-up durations

Tyre type
Passenger car Truck and bus

Load index

T All LI <121 LI >121 LI >121
Nominal rim Al Al <225 > 225

diameter code
Warm-up duration
30 50 150 180
min

7.5 Measurement and recording

The following shall be measured and recorded (see Figure 1):

a)

)

the test speed, U,;
the load on the tyre normal to the drum surface, L;
the initial test inflation pressure, as defined in 6.4;

the rolling resistance coefficient, C,, and its corrected value, C; corecteqs @t 25 °C and for a drum diameter
of 2 m;

the distance from the tyre axis to the drum outer surface under steady-state conditions, |, expressed in
metres;

the ambient temperature, #,,,,,;
the test drum radius, R;
the test method chosen;

the test rim (size and material);

the tyre size, manufacturer, type, identity number (if one exists), speed symbol, load index, DOT
number™).

All the mechanical quantities (forces, torques) shall be oriented in accordance with the axis systems specified
in ISO 8855. The directional tyres shall be run in their specified rotation direction.

1)

DOT: Department of Transportation.
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distance from tyre axis to drum outer surface under steady-state conditions
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Figure 1 — Measurement orientation

7.6 Measurement of parasitic losses

7.6.1 General

The parasitic losses shall be determined by one of the procedures given in 7.6.2 or 7.6.3.

7.6.2 Skim test reading
Skim test reading follows the procedure below.

a) Reduce the load to maintain the tyre at the test speed without slippage. The load values should be as
follows:

— passenger car tyres: recommended value of 100 N, but not exceeding 200 N;

— truck and bus tyres (LI < 121): recommended value of 150 N, but not exceeding 200 N for machines
designed for passenger car tyre measurement or 500 N for machines designed for truck and bus
tyres;

— truck and bus tyres (LI > 121): recommended value of 400 N, but not exceeding 500 N;

— skim values shall be the same for both standard testing and alignment (see Clause 10).

b) Record the spindle force, F} the input torque, T}, or the power, whichever applies.

c) Record the load on the tyre normal to the drum surface, L.
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NOTE 1 With the exception of the force method, the measured value includes the bearing and aerodynamic losses of
the wheel, the tyre and the drum, which also need to be considered.

NOTE 2 It is known that the spindle and drum bearing friction depends on the applied load; consequently, it is different
for loaded system measurement and skim test reading. However, for practical reasons, this difference can be disregarded.

7.6.3 Deceleration method
The deceleration method follows the procedure below.

a) Remove the tyre from the test surface.

b) Record the deceleration of the test drum,

, and that of the unloaded tyre,

Aapg Awrg
t At

NOTE 1 The measured value includes the bearing and aerodynamic losses of the wheel, the tyre and the drum, which
also need to be considered.

NOTE 2 It is known that the spindle and drum bearing friction depends on the applied load; consequently, it is different
for loaded system measurement and free deceleration. However, for practical reasons, this difference can be disregarded.

7.7 Allowance for machines exceeding c,, criterion

The steps described in 7.4 to 7.6 shall be carried out once if the measurement standard deviation, determined
in accordance with 10.3.3, is:

— not greater than 0,075 N/kN for passenger car and smaller truck and bus tyres (LI < 121);

— not greater than 0,06 N/kN for larger truck and bus tyres (LI > 121).
If the measurement standard deviation exceeds this criterion, the measurement process shall be repeated n

times, as described in 10.3.3. The rolling resistance value reported shall be the average of the n
measurements.

8 Data interpretation
8.1 Determination of parasitic losses

8.1.1 General

The laboratory shall perform the measurements described in 7.6.2 for the force, torque and power methods, or
those described in 7.6.3 for the deceleration method, in order to determine precisely in the test conditions
(load, speed, temperature) the tyre spindle friction, the tyre and wheel aerodynamic losses, the drum (and as
appropriate, engine and/or clutch) bearing friction, and the drum aerodynamic losses.

The parasitic losses related to the tyre/drum interface, Fy, expressed in newtons, shall be calculated from the
force (F}), torque, power or deceleration, as shown in 8.1.2 to 8.1.5 below.

© I1SO 2009 — All rights reserved 9
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8.1.2 Force method at tyre spindle

The parasitic losses, F,

ol €xpressed in newtons, are calculated by means of Equation (1):

Fy :Ft(1+%j (1)

where
F; is the tyre spindle force, expressed in newtons (see 7.6.2);

r_ s the distance from the tyre axis to the drum outer surface under steady-state conditions, expressed
in metres;

R is the test drum radius, expressed in metres.

8.1.3 Torque method at drum axis

The parasitic losses, F,

ol €xpressed in newtons, are calculated by means of Equation (2):

T
Fy=-1
pl R

where
T, is the input torque, expressed in newton-metres (see 7.6.2);

R is the test drum radius, expressed in metres.
8.1.4 Power method at drum axis

The parasitic losses, F,

ols expressed in newtons, are calculated by means of Equation (3):

3,6V x4
Fy = Sorx4d
Un

where
Vv is the electrical potential applied to the machine drive, expressed in volts;
A is the electric current drawn by the machine drive, expressed in amperes;

U,, isthe test drum speed, expressed in kilometres per hour.

8.1.5 Deceleration method

The parasitic losses, Fp|,

Ip| A It A
Fy = ?D(%] +_T(ﬂ] (4)
to R\ Af

expressed in newtons, are calculated by means of Equation (4):

where
Ip isthe test drum inertia in rotation, expressed in kilogram metres squared;

R is the test drum radius, expressed in metres;

10 © 1SO 2009 — All rights reserved
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is the test drum angular speed, without tyre, expressed in radians per second;

is the time increment chosen for the measurement of the parasitic losses without tyre, expressed in
seconds;

is the spindle, tyre and wheel inertia in rotation, expressed in kilogram metres squared;
is the tyre rolling radius, expressed in metres;

is the tyre angular speed, unloaded tyre, expressed in radians per second.

8.2 Rolling resistance calculation

8.2.1 General

The rolli

ng resistance, F,, expressed in newtons, is calculated using the values obtained by testing the tyre to

the conditions specified in this International Standard and by subtracting the appropriate parasitic losses, Fo,
calculated in accordance with 8.1.

8.2.2 Force method at tyre spindle

The rolli

Fr:Ft(1+r—'-j—F
R

where
Fy

Fy

an

R

ng resistance, F,, expressed in newtons, is calculated by means of Equation (5):

®)

pl

is the tyre spindle force, expressed in newtons;
are the parasitic losses, as calculated in 8.1.2;

is the distance from the tyre axis to the drum outer surface under steady-state conditions, expressed
in metres;

is the test drum radius, expressed in metres.

8.2.3 Torque method at drum axis

The rolling resistance, F,, expressed in newtons, is calculated by means of Equation (6):

F,

r

where
Ty
Fp|

R

T
Sl S
R 'p

| (6)
is the input torque, expressed in newton-metres;
are the parasitic losses, as calculated in 8.1.3;

is the test drum radius, expressed in metres.

© 1SO 2009 — All rights reserved 11
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8.2.4 Power method at drum axis

The rolling resistance, I, expressed in newtons, is calculated by means of Equation (7):

_36Vx4

U Fpl (7)

Vv is the electrical potential applied to the machine drive, expressed in volts;

A is the electric current drawn by the machine drive, expressed in amperes;

U,

n is the test drum speed, expressed in kilometres per hour;

F

ol are the parasitic losses, as calculated in 8.1.4.

8.2.5 Deceleration method

The rolling resistance, I, expressed in newtons, is calculated by means of Equation (8):

Fr=[—D Aw, +R1-£ Aw, _Fy (8)
R A, RS Aty

Iy is the test drum inertia in rotation, expressed in kilogram metres squared,

R is the test drum radius, expressed in metres;

are the parasitic losses, as calculated in 8.1.5;

is the time increment chosen for measurement, expressed in seconds;

Aw, is the test drum angular speed increment, without tyre, expressed in radians per second;

I7 is the spindle, tyre and wheel inertia in rotation, expressed in kilogram metres squared;

R, s the tyre rolling radius, expressed in metres;

F, s the rolling resistance, expressed in newtons.
NOTE Annex B provides guidelines and practical examples for measuring the moments of inertia for the deceleration
method.

9 Data analysis

9.1 Rolling resistance coefficient

The rolling resistance coefficient, C,, is calculated as shown in Equation (9) by dividing the rolling resistance
by the load on the tyre:

C, = f—m ©)
where

F, s the rolling resistance, expressed in newtons;

Ly, is the testload, expressed in kilonewtons.

12 © 1SO 2009 — All rights reserved
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9.2 Temperature correction

Only temperatures > 20 °C and < 30 °C are acceptable. If measurements at temperatures other than 25 °C
are unavoidable, then a correction for temperature shall be made by means of Equation (10), where F 55 is the
rolling resistance at 25 °C, expressed in newtons:

Fros = Fr[ 1+ K¢ (tamp —25) ] (10)
where
F, is the rolling resistance, expressed in newtons;

tambiS the ambient temperature, expressed in degrees Celsius;
K, is the constant, with the following values:

— 0,008 for passenger tyres;

— 0,010 for truck and bus tyres with LI < 121;

— 0,006 for truck and bus tyres with LI > 121.

9.3 Drum diameter correction

Test results obtained from different drum diameters may be compared by using the theoretical formulae in
Equations (11) and (12):

Fro2 = K Froq (11)
R1 R2 R2 +rr
K, = ( / )( ) (12)
(R1 + I”T)
where

R4 is the radius of drum 1, expressed in metres;

Ry is the radius of drum 2, expressed in metres;

T is one-half of the nominal design tyre diameter, expressed in metres;

F,91  is the rolling resistance value measured on drum 1, expressed in newtons;
F s the rolling resistance value measured on drum 2, expressed in newtons.

9.4 Measurement result

Where the number n of measurements is greater than 1, if required by 10.3, the measurement result shall be
the average of the C, values obtained for the » measurements, after the corrections described in 9.2 and 9.3
have been made.

© 1SO 2009 — All rights reserved 13
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10 Measurement machines alignment and monitoring requirements

10.1 General

This clause describes the procedure to be followed to align measurement results and allow direct inter-
laboratory comparisons. This procedure shall be applied to each measurement machine for whose results
conformance is claimed with this International Standard.

This machine alignment procedure requires two predetermined alignment tyres used by the candidate
laboratory operating the machine. These tyres are used to align candidate machine(s) by comparing the

measured C, results to those obtained on a reference machine. An alignment formula is then established and
shall be used to translate the results obtained on the candidate machine into aligned results.

10.2 Conditions for reference machine

10.2.1 The laboratory operating the reference machine shall comply with either ISO/TS 16949 or
ISO/IEC 17025.

10.2.2 Monitoring of the reference machine laboratory control tyre shall be carried out at intervals no greater
than one month. Monitoring shall include a minimum of three separate measurements taken during this one-
month period. The average of the three measurements taken during a given one-month period shall be
evaluated for drift from one monthly evaluation to another.

10.2.3 The laboratory shall ensure that, based on a minimum of three measurements, the reference machine

maintains a value of o, < 0,05 N/kN. This may be done using the laboratory control tyres (as specified
in 10.2.2).

10.3 Conditions for candidate machine

10.3.1 The laboratory operating the candidate machine shall comply with either ISO/TS 16949 or
ISO/IEC 17025.

10.3.2 Monitoring of the candidate machine laboratory control tyre shall be carried out at intervals no greater
than one month. Monitoring shall include a minimum of three separate measurements taken during this
one-month period. The average of the three measurements taken during a given one-month period shall be
evaluated for drift from one monthly evaluation to another.

10.3.3 The laboratory shall ensure that, based on a minimum of three measurements, the candidate machine
maintains the following values of g,,,, as measured on a single tyre:

— 0oy, < 0,075 N/kN for passenger car and small truck and bus tyres (LI < 121);
— 0, < 0,060 N/kN for larger truck and bus tyres (LI > 121).

If the above requirement for ¢, is not met, the formula specified in Equation (13) shall be applied to determine
the minimum number of measurements, » (rounded to the immediate superior integer value), that are required
by the candidate machine to qualify for conformance with this International Standard.

2
,,=[0_m] (13)

X
where

x = 0,075 for passenger car and small truck and bus tyres (LI < 121);

x = 0,060 for larger truck and bus tyres (LI > 121).
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If a tyre needs to be measured several times, the tyre/wheel assembly shall be removed from the machine
between the successive measurements.

If the removal/refitting operation duration is less than 10 min, the warm-up durations indicated in 7.4 may be
reduced to:

a) 10 min for passenger car tyres;

b) 20 min for truck and bus tyres with (LI < 121);
c) 30 min for larger truck and bus tyres (LI > 121).

10.4 Alignment tyre requirements

10.4.1 The predetermined alignment tyres used to conduct the alignment procedure shall be identified to
cover the needed usage range in terms of load index, C, and £, as follows:

a) C, values shall have a minimum range of:

— 3 N/kN for passenger car and smaller truck and bus tyres;
— 2 N/kN for larger truck and bus tyres;
b) the alignment tyre section width should be:

— < 245 mm for passenger car and smaller truck and bus machines;
— < 345 mm for larger truck and bus tyre machines;

c) the alignment tyre outer diameter should be:
— between 510 mm and 800 mm for passenger car and smaller truck and bus machines;
— between 771 mm and 1143 mm for larger truck and bus tyre machines;

d) load index values shall adequately cover the range for the tyres to be tested, ensuring that the F, values
also cover the range for the tyres to be tested;

e) the number of alignment tyres shall be equal to two, i.e. there shall be
— two alignment tyres for passenger car and smaller truck and bus tyres, and
— two alignment tyres for larger truck and bus tyres.

10.4.2 Each alignment tyre shall be checked prior to use and replaced when:
a) it shows a condition that makes it unusable for further tests;

b) there are deviations of C, for alignment tyre measurement greater than 1,5 % relative to earlier
measurements after correction for any machine drift.

10.5 Alignment procedure
10.5.1 Each time an alignment tyre is measured, the tyre/wheel assembly shall be removed from the

machine and the entire test procedure specified in Clause 7 shall be followed again. This requirement applies
to both the reference laboratory and the candidate laboratory.
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10.5.2 The laboratory operating the reference machine shall measure each alignment tyre three times in
accordance with Clause 7 and applying the conditions in Clause 6, and provide the mean value and standard
deviation established from the three measurements for each tyre.

10.5.3 The candidate machine shall measure each alignment tyre three times in accordance with Clause 7
and applying the conditions in Clause 6, with a measurement standard deviation for each tyre of

— not greater than 0,075 N/kN for passenger car and smaller truck and bus tyres (LI < 121),and

— not greater than 0,060 N/kN for larger truck and bus tyres (LI > 121).

If this measurement standard deviation exceeds this criterion with three measurements, then the number » of
measurement repetitions shall be increased to meet the criterion in Equation (14):

Om 2
n=|—% (14)
4
where

y= 0,043 for passenger car and small truck and bus tyres (LI < 121);

y= 0,035 for larger truck and bus tyres (LI > 121).

10.5.4 The correlation shall be performed by the candidate laboratory and shall be a linear regression
technique with the alignment results, 4 and B, given in Equation (15):

Cr,aligned = ACr,corrected +B (1 5)
where C; corected IS the C, of the candidate machine.
The measurement standard deviation estimate, o;,,, shall also be given.

10.5.5 The alignment process shall be repeated at least every second year, and always after any significant
machine change or any drift in candidate machine control tyre monitoring data.
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A.1 Purpose

Annex A
(normative)
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The limits specified in this annex are necessary in order to achieve suitable levels of repeatable test results,
which can also be correlated among various test laboratories. These tolerances are not intended to represent
a complete set of engineering specifications for test equipment; rather, they should serve as guidelines for

achieving reliable test results.

A.2 Testrims

A.2.1 Width

For passenger car tyre rims, the test rim width shall be the same as the measuring rim determined in

ISO 4000-1:2007, 6.2.2;

For truck and bus tyre rims, the test rim width shall be the same as the measuring rim determined in

ISO 4209-1:2001, 5.1.3.

See Annex C.

A.2.2 Run-out
Run-out shall meet the following criteria:
— maximum radial run-out: 0,5 mm;

— maximum lateral run-out: 0,5 mm.

A.3 Alignment

A.3.1 General

Angle deviations are critical to the test results.

A.3.2 Load application

The direction of tyre loading application shall be kept normal to the test surface and shall pass through the

wheel centre within

— 1 mrad for the force and deceleration methods;

— 5 mrad for the torque and power methods.

© I1SO 2009 — All rights reserved
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A.3.3 Tyre alignment

A.3.3.1 Camber angle
The plane of the wheel shall be normal to the test surface within 2 mrad for all methods.
A.3.3.2 Slip angle

The plane of the tyre shall be parallel to the direction of the test surface motion within 1 mrad for all methods.

A.4 Control accuracy

Test conditions shall be maintained at their specified values, independent of perturbations induced by the tyre
and rim non-uniformity, such that the overall variability of the rolling resistance measurement is minimized. In
order to meet this requirement, the average value of measurements taken during the rolling resistance data
collection period shall be within the accuracies stated as follows:

— tyre loading:
— (for LI £121) £ 20 N or £ 0,5 %, whichever is the greater;
— (forLI>121) £ 45 N or £ 0,5 %, whichever is the greater;
— inflation pressure: + 3 kPa;
— surface speed:
— 10,2 km/h for the power, torque and deceleration methods;
— £0,5 km/h for the force method;

— time: £0,02 s.

A.5 Instrumentation accuracy

The instrumentation used for readout and recording of test data shall be accurate within the tolerances stated
in Table A.1.
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Table A.1 — Instrumentation accuracy

Parameter

LI <121

Load index

LI >121

Tyre load

+10Nor+0,5%?2

+30Nor+0,5%?2

Inflation pressure

+ 1 kPa

+1,5kPa

Spindle force

+05Nor+05%?2

+10Nor+05%?2

Torque input

+0,5Nmor+0,5%?2

+1,0Nmor+0,5%?2

Distance +1mm +1mm
Electrical power +10W +20W
Temperature +0,2°C +0,2°C
Surface speed + 0,1 km/h + 0,1 km/h
Time +0,01s +0,01s
Angular velocity +0,1% +0,1%

@  Whichever is the greater.

A.6 Compensation for load/spindle force interaction and load misalignment (for
force method only)

Compensation of both load/spindle force interaction (“cross talk”) and load misalignment may be achieved
either by recording the spindle force for both forward and reverse tyre rotation or by dynamic machine
calibration. If spindle force is recorded for forward and reverse directions (at each test condition),
compensation is achieved by subtracting the “reverse” value from the “forward” value and dividing the result
by two. If dynamic machine calibration is intended, the compensation terms may be easily incorporated in the
data reduction.

In cases where reverse tyre rotation immediately follows the completion of the forward tyre rotation, there shall
be a warm-up time for reverse tyre rotation of at least 10 min for passenger car tyres and at least 30 min for all
other tyre types.

A.7 Test surface roughness

The roughness, measured laterally, of the smooth steel drum surface shall have a maximum centreline
average height value of 6,3 ym.

NOTE In cases where a textured drum surface is used instead of a smooth steel surface, this fact is noted in the test

report. The surface texture is then 180 um deepz) and the laboratory is responsible for maintaining the surface roughness
characteristics. No specific correction factor is recommended for cases where a textured drum surface is used, because
the correlation applied in Clause 10 will already account for this test condition difference. Additionally, the surface
roughness evolves with time and a correction factor specifically to address surface roughness would only be precise at the
point it is established.

2) (Nominally) 80 grit.
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Annex B
(informative)

Measurement methods of moment of
inertia for drum and tyre assembly (deceleration method)

B.1 Limitation

The methods presented here should be considered only as guidelines or practical examples of methods used
to measure moments of inertia for the deceleration method to achieve reliable test results.

B.2 Test drum inertia
B.2.1 Measurement method

B.2.1.1 Equipment and test set-up

In addition to the drum and its angular encoder, the test set-up shown in Figure B.1 requires the following
equipment:

— a lightweight pulley mounted on low-friction bearings;
— a weight of known mass, m, in the range 50 kg to 100 kg;
— suitable wire rope and attachments.

Figure B.1 shows the test set-up.

Key

1 pulley
2  drum

m  mass

r  pulley radius

R drum radius

Figure B.1 — Test set-up for measurement method
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B.2.1.2 Theory

Application of the laws of mechanics to the system shown in Figure B.1 leads to Equation (B.1):

mgR—-C 2 R
- _ .y B.1
Ty, B 1)

where
m is the mass, expressed in kilograms;
is the pulley inertia, expressed in kilogram metres squared;
r is the pulley radius, expressed in metres;
R is the drum radius, expressed in metres;
I is the drum inertia, expressed in kilogram metres squared,
C s the friction torque of drum bearings, expressed in newton-metres;
g earth's gravity equal to 9,81 m/s2;
Awp/At is the angular acceleration or deceleration.
NOTE The friction torque of pulley bearings, C, can be neglected.

B.2.1.3 Method

When the mass, m, is released, the angular acceleration is measured through the angular encoder fitted to the
drum axle (and otherwise used to measure drum decelerations). The friction torque, C, of drum bearings can
also be measured, provided that the rope can be separated from the drum when mass m has given sufficient
momentum to the drum, given that the subsequent drum deceleration is directly related to C by Equation (B.2):

C=1p (AT“;D] (B.2)

where the values are as defined in B.2.1.2.
B.2.2 Determination method

The drum inertia is estimated by calculation.

The drum inertia, I, expressed in kilogram metres squared, is determined by the summation of the inertia of
each drum part (flange, disc, reinforced rib), as shown in Equation (B.3):

[D=[f+1d+[r (BS)
where

I; is the drum flange inertia, expressed in kilogram metres squared,
14 is the drum disc inertia, expressed in kilogram metres squared,

1

. is the reinforced rib inertia, expressed in kilogram metres squared.
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B.3 Tyre assembly inertia
B.3.1 Spring method

B.3.1.1 Equipment and test set-up

Figure B.2 shows the test set-up, with torsion pendulum of inertia 7 and spring constant X.

Key

K  spring constant

Figure B.2 — Test set-up for spring method

B.3.1.2 Theory

The equation of free movement of pendulum is as shown in Equation (B.4), if &is the angle from equilibrium:

2
1052+ ko=0 (B.4)
dt

The natural oscillation period, T, is calculated as shown in Equation (B.5):

Ty =2n /%o (B.5)

where
@ is the angle of oscillation, expressed in radians;
t is the period of time, expressed in seconds;

Iy s the torsion pendulum inertia, expressed in kilogram metres squared;
K is the spring constant.
B.3.1.3 Method

The measurement of oscillation periods, with the tyre assembly T; and without 7;, can be used to give the tyre
assembly inertia, Z;, as shown in Equation (B.6):

I =%(T12—T02) (B.6)
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B.3.2 Bifilar pendulum (rope) method

B.3.2.1 Equipment and test set-up

Tyre inertia can be obtained by the period time of twisted oscillation of a tyre hanging from two steel ropes of
exactly the same length.

Figure B.3 shows the test set-up.

- a -
Z
A B
-
0
s b -

Key

A,B,C,D measurement points

a  distance between points A and B
b  distance between points C and D

h vertical distance between lines AB and CD
Figure B.3 — Test set-up for bifilar pendulum (rope) method

B.3.2.2 Theory

The tyre inertia, 7, expressed in kilogram metres squared, is determined as shown in Equation (B.7):

I =72x 2% (B.7)
47ch

where
7 is the oscillation period, expressed in seconds;
W is the tyre and wheel weight, expressed in newtons;
a is the distance between points A and B, expressed in metres;
b is the distance between points C and D, expressed in metres;

h is the vertical distance between lines AB and CD, expressed in metres.

B.3.2.3 Method

The time period, 7, of the twisted oscillation of a tyre is measured, and tyre inertia can be calculated by means
of Equation (B.7).
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Annex C
(normative)

Measuring rim width

C.1 Passenger cars tyres

The measuring rim width, R, rounded to the nearest standardized rim width, is calculated as shown in

Equation (C.1):

m?

Rm =K2XSN (C1)
where

K, is the rim/section width ratio coefficient;
SN is the nominal section width.

For tyres mounted on 5° drop-centre rims with a nominal diameter expressed by a two-figure code, the
following rim/section width ratio coefficients apply:

— for nominal aspect ratios 95 to 75: K,=10,70;
— for nominal aspect ratios 70 to 60: K,=10,75;
— for nominal aspect ratios 55 and 50: K, = 0,80;
— for nominal aspect ratio 45: K, =10,85;
— for nominal aspect ratios 40 to 30: K, =0,90;

— for nominal aspect ratios 20 and 25: K, =0,92.

C.2 Truck and bus tyres

The measuring rim width, R, rounded to the nearest standardized rim width, is calculated as shown in

Equation (C.2):

m?

Ry =K4 xS\ (C.2)
where

K, is the rim/section width ratio coefficient;
Sy is the nominal section width.

Table C.1 gives coefficients for determining measuring rim width.
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Table C.1 — Coefficients for determining measuring rim width
Tyre construction Type of rim Nominal Theoretical Minimum dual Measuring
code aspect ratio rim/section ratio spacing rim/section ratio
K, K, K,
100 to 75 0,70 1,15 0,70
70 and 65 0,70 1,15 0,75
5° tapered 60 0,70 1,15 0,75
55 0,70 1,15 0,80
502 0,70 1,15 0,80
B,D,R
90 to 65 0,75 1,125 0,75
60 0,80 1,125 0,80
15° tapered 55 0,80 1,125 0,80
(drop-centre)

50 0,80 — 0,80
452 0,85 — 0,85

NOTE

Other factors may be established for new tyre concepts (constructions).

@  For nominal aspect ratios lower than 50 or 45 respectively, further coefficients will be established.
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