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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 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
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INTERNATIONAL STANDARD ISO 28580:2018(E)

Passenger car, truck and bus tyre rolling resistance
measurement method — Single point test and correlation
of measurement results

1 Scope

This| document specifies methods for measuring rolling resistance, under controlled laboratory
condjfitions, for new pneumatic tyres designed primarily for use on passenger cars, truek and buses.
This|document is not applicable to tyres intended for temporary use only. It includes a|method for
corr¢lating measurement results to allow inter-laboratory comparisons. It is~designed |to facilitate
international cooperation and, possibly, regulation building.

Meagurement of tyres using this method enables comparisons to be made between the rolling resistance
of nqw test tyres when they are free-rolling straight ahead, in a positien’ perpendicular fo the drum
outel surface, and in steady-state conditions.

2 Normative references

The following documents are referred to in the text intsuch a way that some or all of their content
constitutes requirements of this document. For datedzreferences, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

[SO 4000-1:2015, Passenger car tyres and rims —<'‘Part 1: Tyres

IS0 4209-1, Truck and bus tyres and rims (metric series) — Part 1: Tyres

IS0 4223-1, Definitions of some terms usedin the tyre industry — Part 1: Pneumatic tyres
ISO §855, Road vehicles — Vehicledynamics and road-holding ability — Vocabulary

[SO 17025, General requirements/for the competence of testing and calibration laboratories

3 Terms and definitions
For the purposes©fthis document, the terms and definitions given in ISO 4223-1 and the follpwing apply.
[SO dnd IEC maintain terminological databases for use in standardization at the following gddresses:

— [SOQnline browsing platform: available at https://www.iso.org/obp

inPais mhl - 3 111 Ll g L/ 1 - - /
—_— LU LEICCLIUPCUIA. dAvdlldDIC dUHHLLD. /7 W W W.EIEL LI UPDEUIA. UL 5/

31

rolling resistance

Fy

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

Note 1 to entry: The SI unit conventionally used for the rolling resistance is the newton metre per metre (N m/m).
This is equivalent to a drag force in newtons (N).

© ISO 2018 - All rights reserved 1
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3.2
rolling resi
Cr

:2018(E)

stance coefficient

ratio of the rolling resistance to the load on the tyre

Note 1 to entry: Rolling resistance is measured in newtons (N).

Note 2 to entry: Load on the tyre is measured in kilonewtons (kN).

Note 3 to entry: Although this quantity is dimensionless, it is conventionally expressed in N/kN.

3.3

capped inflation
process of inflating the tyre to the required cold pressure and allowing the inflation pressure‘to

up as the ty

34
parasitic lo
loss of ener

e is warmed up while running

SS

to aerodynamic loss of the different rotating elements of the test equipment, bearing friction and

sources of s
Note 1 to ent

3.5
skim test r¢
type of parsg

’'stematic loss which can be inherent in the measurement

pading

the tyre loadl to a level at which energy loss within the tyre itSelf is virtually zero

3.6
moment of
inertia

inertia

ratio of the forque applied to a rotating body, such:as a tyre assembly or machine drum, to the rotat]

acceleration
Note 1 to ent

3.7

new testty
tyre which h
to higher th
higher than

Note 1 to ent
Note 2 to ent

3.8

of this body

ry: See Annex B.

Fe

as not been previotsly used in a rolling deflected test which elevates the tyre’s temper;
an that generated in rolling resistance tests or has not been exposed to a temper
40 °C

"y: Repetitioh of allowed test procedures is permitted.

Fy: Seeexamples in this document, ISO 18164, SAE J1269, SAE ]2452.

build

by (or energy consumed) per unit distance excluding internal tyre losses, and attribufable

bther

ry: This document describes which of them are to be excluded frofirthe result of the measurenjent.

sitic loss measurement, in which the tyre is kept rolling, without slippage, while redjicing

ional

iture
hiture

correlation of measurement results
computations on a 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 1 to entry: The results of these measurements are used to compute "alignment" corrective coefficients and
permit calculation of aligned rolling resistance measurement, Cr aligned (see Clause 10).

© ISO 2018 - All rights reserved
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3.9
reference machine
any machine considered as a reference for an alignment

Note 1 to entry: Every tyre testing spindle in one specific measurement method is considered a machine for the
purposes of this standard. For example, two spindles acting on the same drum shall not be considered as one
machine. One spindle able to measure tyre rolling resistance through different methods shall not be considered
as one machine.

3.9.1
physical reference machine
machine (and its corresponding laboratory quality systems) used to set alignment values

3.9.2
virtual reference machine
several machines (and their corresponding laboratory quality systems) used to setalignment values

3.10
candidate machine
machine intended to measure new test tyres, with alignment to a referenee machine, according to this
document

3.11
alignment tyres
set of tyres measured by both the candidate and reference machines to perform machine alignment

3.12
laboratory control tyre
tyre jused by an individual laboratory to control machine behaviour, e.g. machine drift, as g function of
time

3.13
measurement repeatability
Om
dispérsion of the results obtained on*ohe machine for different measurements performed jpn the same
tyre(s) over a short period of time\under the same testing conditions

Note [l to entry: Measurement repeatability is estimated by measuring n + 1 times the whole procg¢ss described
in Clduse 7 (n = 3) for p alignment tyres, assuming that the variances of the alignment tyres are honjogeneous:

2

1 1 n+1 1 n+1
_ p 2 ; _
G =,|— ZifOm; Witho, = (n—1) : z Cij . 2 Crij
p j=2 j=2
wherg
)i is the number of alignment tyres;
i is the counter from 1 to p for the alignment tyres;
j is the counter from 2 to n + 1 for the n last repetitions of each measurement of a given alignment tyre;

n+1 isthe number of repetitions of tyre measurements (n + 1=4 for reference laboratoriesandn + 1 > 4
for candidate laboratories). The last n measurement results are used for the computation.

3.14

machine drift

change in the measured value over time which can be attributed to systematic (or progressive) sources
of variation

© ISO 2018 - All rights reserved 3
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passenger car tyre
tyre of a group intended for application on 4-wheeled vehicles designed primarily for carrying fewer
than 10 persons

Note 1 to entry: See Annex D for a list of standards which identify this tyre type.

3.16

truck and bus tyre
tyre of a group intended for application on vehicles designed primarily for the transportation of

property or

for carrying more than 10 persons

Note 1 to en
trailers and i

Note 2 to ent

3.16.1

smaller truck and bus tyre

truck and b
maximum ld

3.16.2

larger truc
truck and by
load of morg

4 Testm

kry: Such tyres are normally primarily designed for use on light trucks, trucks, buses and
hclude those tyres marked with “LT”, “C”, “ST”, “CP”.

y: See Annex D for a list of standards which identify this tyre type.

us tyre with a load index of 121 and smaller or, where the load-index is not mark
ad of 1 450 kg and lower

k and bus tyre
s tyre with aload index greater than 121 or, where the load index is not marked, a maxi
than 1 450 kg

ethods

The followi
tester. For {ach method, the test measurements shall be converted to a force acting at the tyre/(

interface. T

a) Forcem
b) Torque
c) Deceler

NOTE 2);
d) Power 1
NOTE 1

are also to bd

This measuredvalue also includes the bearing and aerodynamic losses of the wheel and tyre ¥V

g are alternative measurement methods=The choice of an individual method is left t

e measured parameters are:
ethod: the reaction force measured or converted at the tyre spindle (see NOTE 1);
method: the torque input measured at the test drum (see NOTE 2);

htion method: the measurement of deceleration of the test drum and tyre assembly

)

hethod: the measurement of the power input to the test drum (see NOTE 2).

considered for further data interpretation.

NOTE 2 T
drum losses

?ﬁs meadasured value also includes the bearing and aerodynamic losses of the wheel, the tyre, an

their

mum

b the
irum

(see

vhich

d the

high are also to be considered for further data interpretation.

5 Test equipment

5.1 General

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.

© ISO 2018 - All rights reserved
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5.2 Drum specifications

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

The Fr 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 following the method in 9.3.

5.2.2 Surface

The surface of the drum shall be smooth steel. Optionally, a textured surface may also beyulsed in order
to inlprove skim test reading accuracy. It shall be kept clean.

The Fr and C; values shall be expressed relative to the “smooth” drum surface. If textured drum surface
is used, reference A.6.

5.2.3 Width

The Width of the drum test surface shall exceed the width of the test4¢yr€ contact patch.

5.3 | Measuring rim

The ftyre shall be mounted on a steel or light alloy measuring rim, with the width a$ defined in
ISO 4000-1 for passenger car tyre rims and as defined in ISO 4209-1 for truck and bus tyre riims. If a size
is not included in ISO 4000-1 or ISO 4209-1, refer to the¥elevant calculation section. Mountfing tyres on
other rim widths shall be done with the agreement of the requestor and the tester and suth deviation
shall{be noted on the test report. Rim runout guidelines are listed in Annex C.

5.4 | Load, alignment, control and instrumentation accuracies

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

5.5 | Thermal environment

5.5.1 Reference conditions

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

5.5.2 Alternative conditions

If thd tesStambient 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.

6 Test conditions

6.1 General

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

Any measurement other than what is prescribed within this document shall be done under the
requestor’s responsibility and should be noted on the test report (e.g. retread tyres, buffed tyres,
different rim width, pressures, loads, etc.). Studded tyres are not allowed due to potential drum damage.

© IS0 2018 - All rights reserved 5
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6.2 Testspeeds

The rolling resistance coefficient value shall be obtained at a drum speed as shown in Table 1.

Table 1 — Test speeds

Speeds in km/h
Tyre type Passenger | Smaller truck and Larger truck and bus
car bus
Speed symbola All All ] (100 km/h) and lower | K (110 km/h)
and higher

Speed 80 80 60 80
a  Jfthe tyre is not marked with a speed symbol, consult the manufacturer databook for the maximum
rated speed and select a test speed of 60 km/h for maximum rated speed of 100 km/h or lower; otherwise,
test ypeed is 80 km/h.

6.3 Testload

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

6.4 Test inflation pressure

The inflatioh pressure shall be in accordance with that shown imTable 2 and shall be capped with the
accuracy spgcified in A.4.

Table 2 — Test loads and inflation pressures

Tyrp type Passenger-cara Truck and busb
Standard load or Reinforced or extra load
light load
Load — %]|of maximum 80 80 85¢
load ¢apacity (% of single load)
Inflation} pressured 210 250 Corresponding to maximunj sin-
kpa gle tyre load carrying capagity®

a  For thoselpassenger car tyres belonging to categories which are not shown in ISO 4000-1:2015, Annex B, the inflation
pressure shal] be the inflation présstire recommended by the tyre manufacturer, corresponding to the maximum tyr¢ load
capacity, redyced by 30 kPa.

b If there afe multiple values given, the highest load and corresponding pressure should be selected, disregarding any
additional serjvice description, which, if present, is located in a circle close to the primary service description.

¢ 85 % of maximumoad capacity for single application specified in applicable tyre standards manuals.

d  The inflation pressure shall be capped with the accuracy specified in A.4.

e Inflation pressure as specified M applicable tyre stamdards manuals CorTesponding to maximumn singte tyre load
carrying capacity.

6.5 Duration and speed
When the deceleration method is selected, the following requirements apply:
a) For duration 4t, 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.

6 © ISO 2018 - All rights reserved
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7.1 General

ISO 28580:2018(E)

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

7.2 Thermal conditioning

Place the inflated tyre in the thermal environment of the test location for a minimum of 3 h for passenger
car tyres and a minimum of 6 h for truck and bus tyres.

7.3 | Pressure adjustment

After thermal conditioning, the inflation pressure shall be adjusted to the test presSure

10 mjin after the adjustment is made.

7.4 | Warm-up

Warin-up duration is given in Table 3.

Table 3 — Warm-up duration

7.5
The {

a)

Tyre type Passenger | Smaller truck Larger truck and busa
car and bus
Nominal rim All All <22,5 >22,5
diameter code
Warm-up dura- 30 min 50,min 150 min 180 min
tion

a  For the torque and force methads, larger truck and bus warm-up duration can be

decreased from the specified values-if the following requirements can be met:

1) Real time machine monitoring is available for input torque or spindle force with data
averages every minute, and

2) It can be demonstrated that a tyre has reached a stabilized steady-state value of rolling
resistance when the ‘absolute difference between data samples over a 10 min period is <0,1 N.

An example is/provided in Annex E. The warm-up duration shall be indicated on the test
report if different from that shown in the table.

[estispeed, Up;

Measurement and recording

ollowing’shall be measured and recorded (see Figure 1):

hnd verified

b)

oad onthe fyrn normaltathe drum canar‘n’ L

111

c) Testinflation pressure: initial, as defined in 6.4;

d) Rolling resistance coefficient measured, Cy, and its corrected value, Cy¢, at 25 °C and for a drum
diameter of 2 m;

e) Distance from the tyre axis to the drum outer surface under steady state conditions, in metres, ry;

f) Ambient temperature, tamp;

g) Testdrum radius, R;

h) Test method chosen;

i) Testrim (size and material). If not the prescribed measuring rim, the deviation shall be highlighted;

© ISO 2018 - All rights reserved
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j)  Tyre identification such as: size, manufacturer, type, and, if it exists, SS, LI, Load Range, DOT Tire
Identification number and/or serial number.

All the mechanical quantities (forces, torques) shall be orientated according to the ISO 8855 referential.
The directional tyres shall be run in their specified rotation sense.

L

2
Key
1 tyre
2 drum

Figure 1 — Measurément 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 SKkim test reading

a) Reducelthe load to\mraintain the tyre at the test speed without slippage. The load values shoulld be
as folloys:

PassengerCar tyres: recommended value of 100 N; not to exceed 200 N.

Smaller truck and bus tyres (LI < 121): recommended value of 150 N; not to exceed 200 N for
machines designed for passenger car tyre measurement or 500 N for machine designed for truck
and bus tyres.

Larger truck and bus tyres (LI > 121): recommended value of 400 N; not to exceed 500 N.
Skim values shall be the same for both standard testing and alignment (Clause 10).
b) Record the spindle force, Ft, input torque, Tt, or the power, whichever applies.
c) Record the load on the tyre normal to the drum surface, Ly,.
NOTE1  Except for the force method, the measured value includes the bearing and aerodynamic losses of

the wheel, the tyre, and the drum losses. For the force method, the measured value includes the bearing and
aerodynamic losses of the wheel and the tyre.

8 © ISO 2018 - All rights reserved
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NOTE 2
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It is known that the spindle and drum bearings friction depends on the applied

load and, in

consequence, is different for the loaded system measurement and the skim test reading. But for practical reasons,
this difference could be disregarded.

7.6.3

Deceleration method

a) Remove the tyre from the test surface while running at a speed greater than test speed.

b) Record the deceleration of the test drum, Awpo/Atp, and that of the unloaded tyre, AwTo/Ato.

The speed range for measurement includes the test speed and does not exceed 10 km/h above and

10 ka/h below the test cpnnd

The 1§
lossd

NOT]H
consg
this d

The

mneasured value includes the bearing and aerodynamic losses of the wheel, the tyre; aj
s which are also to be considered.

It is known that the spindle and drum bearings friction depends on¢the applied
quence, is different for the loaded system measurement and the free deceleratioh,-But for prac
ifference can be disregarded.

speed range of the rolling resistance measurement with loaded/tyre shall respe

condjition as for the parasitic losses measurement as described above,

7.7

The
detel
and
stan
desc

8 1

8.1

8.1.1

Thel
or 7
aero
aero
to th
or th

Allowance for machines exceeding oy, criterion

steps described in 7.4 to 7.6 shall be carried out one:time if the measurement standaf
'mined as described in 10.3.3, is not greater than 0;075 N/kN for passenger car and s
bus tyres and not greater than 0,06 N/kN for<larger truck and bus tyres. If the m
lard deviation exceeds this criterion, the nieasurement process shall be repeated|
ibed in 10.3.3. The rolling resistance value'reported shall be the average of the n meaj

Data interpretation
Determination of parasitic losses

General

aboratory shall perform the measurements described in 7.6.2 for force, torque and pov
h.3 for deceleration, in order to precisely determine the tyre spindle friction, the t
lynamic lossesy’the drum (+ eventually engine and/or clutch) bearings friction an|
lynamic lo$ses, in the test conditions (load, speed, temperature). The parasitic losses

deceleration, as shown below.

hd the drum

load and, in
tical reasons,

't the same

d deviation,
maller truck
easurement
n times as
urements.

ver methods
yre + wheel
d the drum

Fp1, related

tyre/drum interface, expressed in newtons, shall be calculated from the force F;, tojrque, power

8.1.

Eorce method attyre spindle

Calculate Fpj using Formula (1):

rLp
Fpl=Ftp| 1+—
: ( R]

© ISO
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where

Fip is the tyre spindle force in newtons (see 7.6.2);

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

R isthe test drum radius, in metres.

8.1.3 Tor
Calculate Fy

_Tu

F.,=
pl R

where

ue method at drum axis

using Formula (2):

Typ is tIe input torque in newton metres as determined in 7.6.2;

R ist

8.1.4 Pow
Calculate Fy

3,4

Fy=—

e test drum radius, in metres.

rer method at drum axis

using Formula (3):
V, XA,
U

n

Vp ist

e electrical potential applied:to the machine drive, in volts;

Ap is the electric current drawin by the machine drive, in amperes;

Un isthe test drum speedfin kilometres per hour.

8.1.5 Ded

Calculate th

I
F D

eleration method

E parasiticlosses, Fp}, in newtons, using Formula (4):

pl_R

(Awno) It (Aa)TO)
e 2l

where

U B U

(2)

(3)

(4)

Ip is the test drum inertia in rotation, in kilogram metres squared;
R is the test drum surface radius, in metres;
Awpo is the test drum angular speed increment, drum without tyre, in radians per second;

Atp  is the time increment chosen for the measurement of the parasitic losses without tyre, in
seconds;
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IT is the spindle, tyre and wheel inertia in rotation, in kilogram metres squared;
Ry is the tyre rolling radius, in metres;

AwrTo is the tyre angular speed increment, unloaded tyre, in radians per second.
8.2 Rolling resistance calculation

8.2.1 General

C 1 lotaotha ralling racic fanca ncing thaovualiinc ohtatinad by bacts thaoturata tha condiss f d
alcyatetheretinsresistanceusinsthevalvesobtatred-bytestrgthe tyreto-theeondibgns specific

in thjs document and by subtracting the appropriate parasitic losses, Fpj, obtained according to 8.1.

8.2.2 Force method at tyre spindle

The tolling resistance, Fy, in newtons, is calculated using Formula (5):
L
Fr= Ft{l +% ]— Fpl (5)

wherte

It isthe tyre spindle force, in newtons;
Ip1 represents the parasitic losses as calculated in8.1.2;

. is the distance from the tyre axis to the diwum outer surface under steady-state cpnditions,
in metres;

R isthe test drum radius, in metres.

8.2.3 Torque method at drum axis
The tolling resistance, Fy, in newitons, is calculated using Formula (6):

T,
]r:?_Fp] (6)

where

Tt is the-input torque, in newton metres;

Ip1 represents the parasitic losses as calculated in 8.1.3;

R isthe test drium radius, in metres

8.2.4 Power method at drum axis
The rolling resistance, Fy, in newtons, is calculated using Formula (7):

3,6VxA
FI‘ =U—_Fp1 (7)
n

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

is the test drum speed, in kilometres per hour;

Fp1 represents the parasitic losses as calculated in 8.1.4.

8.2.5 Deceleration method

The rolling resistance, Fy, in newtons, is calculated using Formula (8):

F,

where

Ip

Awy
Aty
It
Ry
Fpr 14

NOTE
deceleration

Awy,
At

RI;
R.?

Aw,
At

Pl

the test drum inertia in rotation, in kilogram metres squared,;

\%

the test drum surface radius, in metres;

the test drum angular speed increment, loaded tyre, in radidns per second;
the time increment chosen for measurement, in seconds;

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

bpresents the parasitic losses as calculatedtin 8.1.5.

Apnex B gives guidelines and practical-examples to measure the moments of inertia fo

method.

9 Data analysis

9.1 Rolling resistance coefficient

The rolling
tyre using H

resistance coefficient Cy is calculated by dividing the rolling resistance by the load o

prmula (9):

(8)

r the

h the

(9)

F
C.= 0
Lm
where
Fr

is the rolling resistance, in newtons;

Ly is the testload, in kilonewtons.

9.2 Temperature correction

If measurements at temperatures other than 25 °C are unavoidable (only temperatures not less than
20 °C nor more than 30 °C are acceptable), then a correction for temperature shall be made using

Formula (10):
Fr25 = Fr [1 + Kt (tamb - 25)]

12

(10)
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Frp5 isthe rolling resistance at 25 °C, in newtons
Fr is the rolling resistance, in newtons;

Kt is equal to

0,008 for passenger car tyres;

£
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0. 10 11 4+ ] Jd 1 A
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0,006 for larger truck and bus tyres;

tamp is the ambient temperature, in degrees Celsius.

9.3 | Drum diameter correction

Test |results obtained from different drum diameters may be conipared by using Fprmula (11)

(theqretical):

Hro2 = KR Fro1

with
R
—L ARy +r7)
[Rz ]
(Ry+r7)
wherte

Fro2 is the rolling resistance value‘measured on drum 2, in newtons;
Fro1 is the rolling resistance,value measured on drum 1, in newtons;
R1 istheradius of dfum 1, in metres;
R> istheradiuscoef'drum 2, in metres;

it is one-halfof the nominal design tyre diameter, in metres.

9.4 | Measurement result

(11)

(12)

Wheré? measurements are greater than 1, if required by 10.3.3, the measurement result[shall be the

average of the C; values obtained for the n measurements, after the corrections described in 9.2 and 9.3.

Following this method, final C; results shall be expressed in N/KN and rounded to the first decimal

place as follows:

rounding range: 0,1

given number rounded number
12,25 12,3
12,35 12,4

[SOURCE: ISO 80000-1:2009, B.3, rule B (Example 1)]
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10 Measurement machines alignment and monitoring requirements

10.1 Gene

ral

This part describes the procedure to be used to align measurement results and allow direct inter-
laboratory comparisons. This process shall be applied to each measurement machine the results of
which are declared conforming to this document and where inter-comparability is required.

This procedure may be used both for alignment to a physical reference machine or for alignment to
a virtual reference, according to the body (public authority or other party) decision. This machine
alignment procedure requires alignment tyres provided by the candidate laboratory operating the

machine. TH
These tyres
obtained on
results obta

In the case
formula. In
defined by t

10.2 Cond
10.2.1 The

10.2.2 The
one month.
one month }
evaluated fo

10.2.3 The
machine(s)
(as specified

10.3 Cond
10.3.1 The

10.3.2 The
one month.
one month |
evaluated fo

10.3.3 The
machine ma

are used to align candidate machine(s) by comparing the measured C; results to_ the
areference machine. An alignment formula is then built and has to be used to translat
ined on the candidate machine into aligned results.

f a physical reference machine, its actual measured values are used toBuild the align

he body requesting the machine alignment.
jtions for reference machine
laboratory(ies) operating the reference machine(s) shall comply with ISO/IEC 17025.

reference machine laboratory control tyre monitofing shall occur at a maximum inter?
Monitoring shall include a minimum of three separate measurements sometime during
beriod. The average of the three measurements made during a one month interval shj
ir machine drift from one monthly evaluation-to another. See Annex F.

laboratory(ies) shall ensure that, based on a minimum of three measurements, the refef

in 10.2.2).
itions for candidate machine
laboratory which gperates the candidate machine shall comply with ISO/IEC 17025.

candidate machine laboratory control tyre monitoring shall occur at a maximum intery
Monitoring\shall include a minimum of three separate measurements sometime during
period, The average of the three measurements made during a one month interval sh{
ir machine drift from one monthly evaluation to another. See Annex F.

le number of alignment tyres is defined by the body requesting the machine aligninent.

ones
e the

ment

the case of a virtual reference machine, the way of alignment of a-candidate machipne is

ral of
> this
1l be

ence

maintain(s) a value of o, < 0,05 N/kN. This may be done using the laboratory control tyjre(s)

ral of
> this
1l be

taboratory stattensuretiat, basedoma i of three measuremnernts; the camd
intains the following values of o, as measured on a single tyre.

— om =< 0,075 N/kN for passenger car and smaller truck and bus tyres;

— om < 0,06 N/KN for larger truck and bus tyres.

14
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If the above requirement for oy, is not met, Formula (13) shall be applied to determine the minimum
number of measurements, n (rounded to the immediate superior integer value), required by this

machine to qualify for use according to this document.

,,:(G_mf (13)
X
where
x = 0,075 for passenger car and smaller truck and bus tyres;
X = 0,06 for larger truck and bus tyres.
If a fyre needs to be measured several times, the tyre/wheel assembly shall be memoved from the

machine between the successive measurements.
10.4

10.4
needed usage range in terms of load index, C and F; as follows:

10.4

Alignment tyre requirements

1 The alignment tyres used to conduct the alignment procedure shall be identified

[ values having a minimum range of 3 N/kN for passenger'car and smaller truck and b
2 N/kN for larger truck and bus tyres.

In the case where more than two alignment tyres are used, the declared C; values of ead
tlyre of the set shall be distributed uniformly.

Load index values shall adequately cover the range for the tyres to be tested, ensur
Iy values also cover the range for the tyres'to be tested. The ratio of rolling resistan
Ibetween the highest F. and the lowest £f.of the tyre set shall be, before alignment, at 1
2, for passenger car, smaller and larger-truck and bus tyres.

In the case of an alignment with'a_physical reference, both reference and candidate m4
use the same physical alignment tyres.

¢andidate machine shall iise the same physical alignment tyres.

2 Each alignmenttyre shall be checked prior to use and replaced when either of the follo

to cover the

us tyres and

h alignment

ing that the
ce force (Fy)
ast equal to

chines shall

In the case of an alignmentwith a virtual reference, both reference machine (from the network) and

wing occurs:

a. it shows a cenidition which makes it unusable for further tests;

b. there aresdeviations of C; for alignment tyre measurement greater than 1,5 % relatiye 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(ies) and the candidate laboratory.

10.5.2 The laboratory(ies) operating the reference machine shall measure each alignment tyre four
times in accordance with Clause 7 applying the conditions in Clause 6, and provide the mean value and
standard deviation established from the three last measurements, for each tyre.
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10.5.3 The candidate machine shall measure each alignment tyre four times, the last three measurements
being used for the computations in accordance with Clause 7 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, and

— not greater than 0,06 N/kN for larger truck and bus tyres.

If this measurement standard deviation exceeds this criterion with four measurements, where the last
three measurements are used for the computations, then the number n + 1 of measurement repetitions
shall be increased as per Formula (14):

n+1=[-

where
y=0,04
y=0,03

10.5.4 In t}

regression t

Cr aligned

where Cyis {

The measur]

In the case
requesting t

In all cases,

10.5.5 The
always after

10.5.6 Ifth

2
il (14)
Y
B for passenger car and smaller truck and bus tyres;
b for larger truck and bus tyres.
le case of a physical reference machine, the alignment shall\be performed by the candjidate
laboratory tfinless otherwise specified by the body requesting thelalignment, and shall be a ljnear
bchnique with the alignment results, A and B, given as per Formula (15):
=(AxC)+B (15)
he rolling resistance coefficient measured:by,the candidate machine.
ement standard deviation estimate, oy, shall also be given.
f a virtual reference machine, the'alignment of a candidate machine is defined by the pody
he machine alignment.
the data format and roundifig'to be used for the alignment computations shall be defingd by
the body requesting the machine alignment.
alignment process‘ef candidate machines shall be repeated at least every second year and
any significant ihachine change or any machine drift in control tyre monitoring data.
e linear regression coefficient of determination R? is lower than 0,97 the candidate laborgtory
hligned.

shall not be

16
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Annex A
(normative)

Test equipment tolerances

Purpose

imits specified in this annex are necessary in order to achieve suitable levels ofrrep

results, which can also be correlated among various test laboratories.

A2

A.2.

Alignment

| General

Angle deviations are critical to the test results.

A.2.
The

2 Load application

dlirection of tyre loading application shall be kept normial to the test surface and shall p

the wheel centre within

A2,

1 mrad for the force method;

% mrad for the torque, deceleration and power methods.

B3 Tyre alignment

A.2.3.1 Camber angle

The

plane of the wheel shall bé normal to the test surface within 2 mrad for all methods.

A.2.3.2 Slip angle

The

blane of the tyse shall be parallel to the direction of the test surface motion within 1

methods.

A.3
Excl

Control accuracy

eatable test

ass through

mrad for all

usive of perturbations induced by the tyre and rim non-uniformity, test conditid

ns shall be

maintained at their specified values such that the overall variability of the rolling resistance
measurement is minimized. 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:

Greater of #20 N or +0,5 % for passenger car and smaller truck and bus tyres;
Greater of 45 N or £0,5 % for larger truck and bus tyres;

inflation pressure: +3 kPa;

surface speed:

+0,2 km/h for the power, torque and deceleration methods;

© ISO 2018 - All rights reserved
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+0,5 km/h for the force method;
— time:

(i) 0,02 s for the time increments specified in 6.5 a) for the data acquisition in the deceleration
method;

(ii) =5 % for the other time durations specified in the method.

A.4 Instrumentation accuracy

The instrunjentation used for readout and recording of test data shall be accurate within the tolerdnces
stated in Taple A.1:

Table A.1 — Instrumentation accuracy

Parameter Passenger car and smaller truck and Larger truck andbiis tyres
bus tyres
tyre load Greater of +10 N or +0,5 % Greater of 30 N or 0,5 %
inflation prejssure +1 kPa +1,5 kPa
spindle forcd Greater of +0,5 N or +0,5 % Greater of 1,0 N or £0,5 %
torque input Greater of +0,5 N - m or 0,5 % Greater of #1,0 N - m or 0,5 %
distance +1 mm +1 mm
electrical power 10 W +20W
temperaturg +0,20C
surface speeld +0,1 km/h
time +0,01 s for the time increments specified in paragraph 6.5 a) for the data acquisition ih the
deceleration method; +10 s for the.other time durations specified in the method.

angular veloity +0,1 %

A.5 Compensation for load/spindle force interaction and load misalignment for
force method only

Compensatipn of both load/spindle force interaction (“cross talk”) and load misalignment mdy be
accomplishgd either by recording the spindle force for both forward and reverse tyre rotation ¢r by
dynamic mgchine calibration/If spindle force is recorded for forward and reverse directions (at|each
test conditign), compensation is achieved by subtracting the “reverse” value from the “forward” yalue
and dividing the result’by two. If dynamic machine calibration is intended, the compensation tprms
may be easily incorporated in the data reduction.

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

A.6 Test surface roughness

The roughness, measured laterally, of the new smooth steel drum surface shall have a maximum
centreline average height value of 6,3 pum. This value should be reconfirmed in case visible damage
should occur (e.g. in case tyres are measured which are out of scope of this document.)

In cases where a textured drum surface is used instead of a smooth steel surface, this fact shall be
noted in the test report. The surface texture shall then be 180 pm deep [(nominally) 80 grit] 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
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evolves with time and a correction factor specifically to address surface roughness would only be
precise at the point it is established.
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Annex B

(informative)

Measurement methods of moment of inertia for drum and tyre

assembly — Deceleration method

B.1 Limi

The method|
used to me3q|

B.2 Test

B.2.1 Mes

B.2.1.1 Eq

The arrangs

tation

drum inertia

jsurement method

uipment needed

s presented here should be considered only as guidelines or practical examples of met
sure moments of inertia for the deceleration method to achieve reliable test1esults.

ment shown in Figure B.1 requires, in addition to the drum and its angular encoder:

hods

— alightweight pulley mounted on low-friction bearings;
— aweighf of known mass, m, in the range 50 kg to 100:kg;
— suitablg wire rope and attachments.

B.2.1.2 Test arrangement

See Figure B.1.

Key

1 pulley

2 drum

m mass

r  pulley radius

R drum radius

20

Figure B.1 — Test arrangement
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B.2.1.3 Theory

Application of laws of mechanics to the system shown in Figure B.1 leads to Formula (16):

mgR—C . . R?
p=———"—-mR" -1 e
Aa)D /At r2
where
Ip is the drum inertia, in kilogram metres squared;

(16)

D

1
1

NOTH

B.2.]

Whe
to th
bear
has g
accol

whel|

B.2.]

is the mass, in kilograms;

is the earth’s gravity, equal to 9,81 m/s?;

is the drum radius, in metres;

is the friction torque of drum bearings, in Newton metres;

lwp/At  is the angular acceleration or deceleration;

b is the pulley inertia, in kilogram metres squared;
is the pulley radius, in metres.
The friction torque of pulley bearings, C, can be neglected.
4 Method
h the mass, m, is released, the angular accelération is measured through the angular eq

e drum axle (and otherwise used to measure drum decelerations). The friction torqug

coder fitted
b, C, of drum

ngs can also be measured providedithat the rope can be separated from the drum ofce mass, m,

iven sufficient momentum to the:drim; the subsequent drum deceleration is directly|

‘ding to Formula (17):

L, (Awp
Dl A
e the values are as‘defined under B.2.1.3.

P Determination method

The

rum inertia is estimated by calculation.

The drur inertia, Ip, in kilogram metres squared, is determined by the summation of the in
drum part (flange, disc, reinforced rib):

related to C

(17)

ertia of each

Ip=If+1g+I;

where

Is is the drum flange inertia;

Iq isthe drum disc inertia;

I+ is the reinforced rib inertia.

All values are expressed in kilogram metres squared.
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B.3 Tyre assembly inertia
B.3.1 Spring method

B.3.1.1 Equipment needed

Torsion pendulum of inertia I, and spring constant K (see Figure B.2).

( \_ _____ _( \

Key
K  spring cgnstant
6 oscillatign angle

Figure B.2 — Spring method

B.3.1.2 Theory

Free movenient of pendulum, if 6 is the angle from*equilibrium, is given by Formula (19):

2
I, % +K6=0
dt
Natural oscillation period, Ty, is given by Formula (20):
IO
TO —275\ ?

Iy is thg torsidn'pendulum inertia, in kilogram metres squared;

6 is theangle of oscillation, in radians;

(19)

(20)

t isthe period of time, in seconds;

K isthe spring constant.

22
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B.3.1.3 Method

Measurement of oscillation periods, with the tyre assembly, T1, and without, Ty, can be used to give the
tyre assembly inertia, I, as given in Formula (21):

- )

4T

B.3.2__Bifilar pendulum (rope) method

B.3.2

Tyre
rope

.1 General

inertia can be obtained by the period time of twisted oscillation of a tyre hanging fra

5 of exactly the same length (see Figure B.3).
a
Z 2%
A | B
</ |
C | D
0 e
b

Key
A, B, €,D measurement points
a distance between points A and B
b distance between points C and D
h vertical distance betweenlines AB and CD
Figure B.3 — Bifilar pendulum (rope) method

B.3.2.2 Theory
The tyre inertia, I, in kilogram metres squared, is determined by Formula (22):

Wab

1 =72
2

41%h

© ISO 2018 - All rights reserved
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(22)
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where

T isthe oscillation period, in seconds;
W is the tyre and wheel weight, in newtons;
a isthe distance between points A and B, in metres;

b isthe distance between points C and D, in metres;

h is tllle vertical distance between lines AB and CD, 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 calcujated
from the equation given in B.3.2.2.
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Test rim runout
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Based on the experiences of the experts, the following criteria are recommended:

— for passenger car and smaller truck and bus tyres:
1+ Maximum radial runout: 0,5 mm;

+ Maximum lateral runout: 0,5 mm;

— for larger truck and bus tyres:

1+ Maximum radial runout: 2 mm;

+ Maximum lateral runout: 2 mm.

© ISO 2018 - All rights reserved

25


https://standardsiso.com/api/?name=22e8058ebf43dca48add363557bf85ee

ISO 28580:2018(E)
Annex D
(informative)

Publications of tyre standards organizations

— Yearbook of The Tire and Rim Association, Inc. (TRA)V

— Standands Manual of the The European Iyre and Rim Technical Organisation (ETRTO)2
— JATMA Year Book of The Japan Automobile Tyre Manufacturers' Association (JATMA)3)

— Tyre &|Rim Association of Australia’s Standards Manual of The Tyre and RimpAssociatipn of
Australja (TRAA)Y

— China Tyre Rim & Valve Standards Year Book of the China Association for Standdrdization (CA[S)>)
— ALAPA Manual de Normas Técnicas of the Associacdo Latino Americanaide Pneus e Aros (ALAPA)®)
— Standar{ds Manual of the Indian Tyre Technical Advisory Committee{ITTAC)7)
— IS0 400[0-1 and ISO 4209-18)

1) Availabld ftem The Tire and Rim Association, Inc., 175 Montrose West Ave., Suite 150, Copley, OH 44321, [USA

2) Available from The European Tyre and Rim Technical Organisation, 78/80, rue Defacqz, 1060 Brussels, Belgium.

3) Available from The Japan Automobile Tyre Manufacturers Association, Inc., No. 33 Mori Bldg. 8th Floor; 3-8-21
Toranomon, Minato-ku, Toyko, Japan 105-0001.

4) Available from The Tyre and Rim Association of Australia, Suite 1, Hawthorn House, 795 Glenferrie Road,
Hawthorn, Victoria, 3122, Australia.
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