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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 this document 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 electrotechnical
standardization.
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Passenger car tyres — Method for measuring relative wet
grip performance — Loaded new tyres

1 Scope

This document specifies the method for measuring relative wet grip braking performance index to a
referernce under toaded CoMAItions for Tew tyTes for USe OIT PaSSENger tars o a wet-paved Jurface.

The methods developed are meant to reduce variability. The use of a reference tyre is fieeéssary to limit
the viariability of the testing procedures.

This|document applies to all passenger car tyres except for:
— g4pecial-use tyres marked with "ET";
— T-type temporary spare tyres;

— fyres fitted with additional devices to improve traction properties (e.g. studded tyres)

2 Normative references

The following documents, in whole or in part, are notrmatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced daetiment (including any amendments) applies.

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

ASTM E965-96, Standard Test Method fdr’Measuring Pavement Macro texture Depth Using ¢ Volumetric
Technique

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

3 Terms and definitions

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

ISO gnd IEC majntain terminological databases for use in standardization at the following gddresses:

— ISO.Qnline browsing platform: available at https://www.iso.org/obp

inFaza | 4 q dalal £l L/ 1 i - L
— LU TICTTI UPTUTA. avdITdUTC dU It Y. 77 W W VW.CTCT LT UPTUTA.UT 57

31
test run
single pass of a loaded tyre over a given test surface

3.2
braking test
series of a specified number of test runs (3.1) of the same tyre repeated within a short time frame

3.3

braking test cycle

series of braking tests (3.2) that consist of an initial braking test of the reference tyre set (3.6), of up to
three braking tests of candidate tyre sets (3.5), and a final braking test of the same reference tyre set

© IS0 2021 - All rights reserved 1
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tyre that is used for an evaluation programme

3.5

candidate tyre

candidate tyre set
test tyre (3.4) (set) that is part of an evaluation programme and that is evaluated with the reference
tyre using the same test method

3.6

reference t
reference t
special test

Note 1 to ent
Note 2 to ent

3.7
braking for
longitudinal

Note 1 to ent

3.8
peak braki

nupealg
<trailer (or{

that occurs

3.9
dynamic tyj

()
<trailer (or
acquired in

3.10

yre set
fyre (3.4) (set) that is used as a benchmark in an evaluation programme

Fy: The reference tyre (SRTT) is defined in ASTM F2493-20.

Fy: These tyres have carefully controlled design features to minimize variation.

ce
force between a tyre and the road resulting from braking torque application

ry: It is expressed in newtons.

hg force coefficient

yre test vehicle) method> maximum value of the dynamic tyre braking force coefficient|
brior to the lockup (3.11) of a wheel as the braking torque is progressively increased

re braking force coefficient

fyre test vehicle) method> ratio between the braking force (3.7) and the vertical load (
real time

average braking force coefficient

BFC
<vehicle me
(9,81 m's2)

3.11
lockup
condition of]

thod> ratio between the average deceleration in a test run (3.1) and the acceleration gr

a wheel in which its rotational velocity about the wheel spin axis is zero and which prey

it from rotat

(3.9)

3.12)

avity

rents

ingin the presence of applied wheel torque

3.12

vertical load
normal force of a tyre exerted on the road resulting from the mass supported by the tyre

Note 1 to entry: It is expressed in newtons.

3.13
tyre test ve

hicle

dedicated vehicle which has instruments to measure the vertical and the longitudinal forces on one

tyre during

braking
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set
ler (or tyre test vehicle) method> set of one (1) tyre

set
icle method> set of four (4) tyres

4 Methods for measuring wet grip index

For

the ¢
wet,

— ¥
— 1

In ca
used

NOTH
when
same|

5 (

5.1

The
dired

The {
free

It sh{

The maximum chippingsize shall be from 8 mm to 13 mm.

The
track

In or]

a) |

andidate tyre is compared to the wet grip braking performance of the reference tyrée.g
paved surface. It is measured with one of the following methods:

rehicle method consisting of testing a tyre set mounted on a commercialized, vehicle;

est method using a trailer or a tyre test vehicle equipped with the test tyreset.

se of verification of the wet grip index (G) the same test method used for its declara
Differently from the previous edition of this document, as far as case of vehicle method

the candidate tyre size is significantly different from that of thie neference tyre, a direct comp
vehicle may not be possible and the test method using a trailexor a tyre test vehicle can be us

reneral test conditions

Track characteristics

surface shall have a uniform gradient-of not more than 2 % in both longitudinal
tions and shall not deviate more thatt6 mm when tested with a 3 m straight edge.

est surface shall have a pavement’of uniform age, composition, and wear. The test sur
bf loose material and foreign‘deposits.

11l be a dense asphalt sufface.

macro texturedepth MTD shall be measured as specified in ASTM E965-96 using thg
to be used for-the wet grip test and shall be (0,7 £ 0,3) mm.

der to verify the frictional properties of the surface, the reference tyre shall be used aj

n case of vehicle method, the texture depth is measured in both lanes where the tyres

brake.

he evaluation of the wet gr]p index (f) of 2 candidate fyrn' the wet grlp hrql{lng pnrformance Of

n a straight,

ion shall be

is concerned,
arison on the
bd.

and lateral

face shall be

area of the

follows.

are going to

The temperature-corrected arithmetic mean of the average braking force coefficients (BFC_,,,) of
at least six valid measurements of the reference tyre (see Clause 6) shall be not less than 0,57 and
not greater than 0,79.

The arithmetic mean of the average braking force coefficients (BFC

ave.

corrected by the wetted surface temperature as follows:

BFC,,,. =BFC,,, +a-(0-1,)

corr

where
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9 is the wetted surface temperature in degree Celsius;

a isequalto0,002°CY;

9, isequalto 20 °C.

Homogeneity of the track friction shall be verified by determining BFC_,. values in two braking
tests in the same direction with the reference tyre on aligned segments of the track covering the

entire potential braking area, including where the texture depth was measured. The BFC_,.. of the
two braking tests shall not differ by more than 10 % of the average of the two values:
2% BFCcorr,l _BFCcorr,Z <10%
BFCcorr,l +BFCcorr,Z
b) In case jof method using a trailer or a tyre test vehicle, the temperature-corrected|average qf the
peak brpking force coefficients (4,e,x corr) Of at least six valid measurements of the reference tyre
(see Clapse 7) shall be not less than 0,65 and not greater than 0,90 at 65 km/h.
The avdrage of the measured peak braking force coefficients (ppeak,avel-ef'the reference tyre is
corrected by the wetted surface temperature as follows:
'upeak,corr :'upeak,ave +a'(l9_190 )
where
J isthe wetted surface temperature in degree Celsius;
a isefualto 0,002 °C;
9, isefual to 20 °C.
The peak brpking force coefficient is measunedin the same area where the texture depth was evalyated
and the average peak braking force coefficiéent is evaluated from at least six test runs in the yame
direction.
5.2 Wetting conditions
The surfacel may be wetted from the track-side (“external watering”) or, in case of method usjng a
trailer or a fyre test vehicle) by a wetting system incorporated in the test vehicle or the trailer (['self-
watering”).
If “external watering®is used, water the test surface at least half an hour prior to testing in order to
equalize the surface temperature and water temperature. External watering should be supplied

continuousl

y threughout testing.

For both external watering and self-watering systems, for the used braking lanes, the water depth shall

be between

0,5 mm and 1,5 mm measured from the peaks of the pavement.

5.3 Atmospheric conditions

The wind conditions shall not interfere with wetting of the surface (wind-shields are allowed).

Both the wetted surface and the ambient temperature shall be between:

— 5°Cand 20 °C for tyres bearing 3PMSF marking;

— 5°Cand 35 °C for tyres bearing M + S marking without the 3PMSF marking for the wetted surface
and between 5 °C and 40 °C for the ambient temperature;

© ISO 2021 - All rights reserved
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12 °C and 35 °C for the tyres bearing neither M + S marking nor 3PMSF marking for the wetted
surface and between 12 °C and 40 °C for the ambient temperature.

Moreover, the wetted surface temperature shall not vary during the test by more than 10 °C.

The ambient temperature shall remain close to the wetted surface temperature; the difference between
the ambient and the wetted surface temperature shall be less than 10 °C.

6 Measurement of tyre wet grip index on a commercialized vehicle

6.1
The 1

duripg braking, using an instrumented passenger car having an anti-lock braking system (/4

Primrcipte

est method covers a procedure for measuring the deceleration performance of passeng

Fer car tyres
\BS).

Starfling with a defined initial speed, the brakes are applied hard enough on, four wheels|at the same
time|to activate the ABS. The average deceleration is calculated between the initial speed| of 80 km/h
and the final speed of 20 km/h.

6.2 | Equipment

6.2.1 Vehicle

‘Instrumented passenger car’ means a commercialized-model passenger car equipped with an ABS and
the measuring equipment listed in 6.2.2 for the purposé€of this testing method.

The
mant

Pern

Any

6.2.2
The

hge of the car shall be less than five years andiits mechanical conditions shall be accg
ifacturer recommendations with no alert frgm ABS (e.g. warning lights).

litted modifications are:
hose allowing the number of tyre'sizes that can be mounted on the vehicle to be increg
hose permitting automatic agtivation of the braking device to be installed;
hose permitting the vehicle' to be guided or accelerated externally.

bther modification efthe vehicle and specifically of the braking system is prohibited.

Measuring.equipment

bxposed poftions of the measuring system shall tolerate 100 % relative humidity (rd

rding to car

sed;

in or spray)

and pll otherconditions, such as dust, shock and vibrations, which may be encountereg in regular
opergtion.
The tehicleshall be fittedwith a-sensorsuitable for measuring speed-onawetsurfacednd distance

covered between two speeds.

To measure vehicle speed, a fifth wheel or a non-contact precision (e.g. radar, GPS) speed-measuring
system shall be used.

The following tolerances shall be respected:
— for speed measurement: +1 % or +0,5 km/h, whichever is greater;
for distance: + 1 x 10-1 m.

The measured speed or the difference between the measured speed and the reference speed for the
test should be displayed inside the vehicle, so that the driver can adjust the speed of the vehicle.

© IS0 2021 - All rights reserved
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A data acquisition system may be used for storing the measurements.

6.3 Cond

itioning of the test track

Condition the pavement by conducting at least ten test runs with tyres not involved in the test
programme at 90 km/h (which is higher than the initial test speed to guarantee that a sufficient length
of track is conditioned).

6.4 Test speed measurement requirements

The speed a

the start of hrnking shall be (R'—'; + 7) kml/h

The averagsg
6.5 Tyres

6.5.1 Tyr

Trim the te
flashes at m

Fit the test

rim standar
more than (
lubricant. EJ

Place the fit
testing, and

The tyres should be stabilized in performance prian to testing, which means that no evolution d
test runs should be detectable; in any.case there will be an ex-post verification according to

BFC value in
6.6.4. In all

significantly
controlled t

Maximum s

6.5.2 Tyr

The static Id
loads on the

[t is prohibif

6.5.3 Tyr

deceleration shall be calculated between 80 km/h and 20 km/h.
, rims and fitment on vehicle

p preparation and break-in

puld junctions.

[yres on rims in accordance with ISO 4000-1 (or as specified by the appropriate tyrg

5t tyres to remove all protuberances on the tread surface caused‘by mould air venlts or

e and

ds organizations) using conventional mounting methods. Rim width code shall not
,5 from the measuring rim width code. Ensure properbead seating by the use of a su
xcessive use of lubricant should be avoided to prevent'slipping of the tyre on the wheel

ted test tyres in a location such that they all have the same ambient temperature pri
shield them from the sun to avoid excessiveheating by solar radiation.

rases, tyre designed tread depth and’designed tread block or rib integrity shall not ch
r with break-in, which means the/pace and “severity” of the break-in need to be carg
b avoid such changes.

pacers (adapter) width allowed to mount tyres on the vehicle is 60 mm.

P load

ad on each axle tyre shall lie between 60 % and 90 % of the tested tyre load capacity.
same axlesshould not differ by more than 10 %.

ed to exe€ed the maximum axle load of the vehicle.

!

iffer
able
rim.

or to

f the

ange
fully

Tyre

e inflation pressure

On the front axle, the test inflation pressure p shall be calculated as follows:

P=Dref X[

where

1,3><L

ref

]1/06

© ISO 2021 - All rights reserved
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Pref is the reference inflation pressure (250 kPa for standard-load and 290 kPa for extra-load versions,

regardless of the reference pressure in the applicable standard);

Q isthe average tyre load on the front axle;

Q,.t is the reference load capacity according to load index (LI);

o equals 0,8 and is the pressure exponent defined in the applicable standard.

On the rear axle, the inflation pressures shall be 220 kPa (for both standard-load and extra-load

versions).

Checdk the tyre pressure just prior to testing at ambient temperature and adjust if required
6.6 | Procedure

6.6.1 Testrun

The following applies for each test run.

Accelerate the vehicle in the starting zone up to (85 + 2) km/h.

The jprakes shall always be activated at the same area on.the track, and same direc

longitudinal tolerance of 5 m and a lateral tolerance of 0,5 m.

Braki
surfa

The |

The manual activation of the brakes dependsen the type of transmission given below.

a) |

ing tests shall occur on the same lanes and in the same direction that were used to
ce (with a lateral tolerance of 0,5 m).

brakes can be activated either automatically6r manually.

Manual transmission: As soon as(the driver is in the measuring zone and hav
85 + 2) km/h, disengage the clutch‘and depress the brake pedal sharply, holding it dow

b)

Automatic activation,6f the brakes is performed by means of a detection system made of tw
indexed to the trackand one on board the vehicle.

If an} of the dbove-mentioned conditions is not met when a measurement is made (e.g. speq
longitudinakand lateral tolerance for the braking starting point), the measurement is disc
new festirun is made.

ecessary to perform the measurement.

utomatic transmission:‘As soon as the driver is in the measuring zone and hay|
85 + 2) km/h, select neutral gear and then depress the brake pedal sharply, holding it d
s necessary to perform the measurement.

fion, with a

bxamine the

ng reached
'n as long as

ing reached
own as long

0 parts, one

d tolerance,
arded and a

For each braking test and Ior tyres not tested beifore, the Iirst two runs are discarded.

6.6.2 Processing of measurement results

For each test run in conformity with the above conditions, the braking force coefficient BFC is calculated
between 80 km/h and 20 km/h as follows:

vVE—v4:  d
BFc=—1 =0
2xdxg d

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=fdf60db33d11744baaec0238701c6072

ISO 23671

:2021(E)

2
vé—v
dy=——7=23,596 m
2xg
where
v is the final speed (m's1) = 5,556 m-s71;
v; is the initial speed (m-'s1) = 22,222 m's7L;
d isthe distance covered (m) between v; and vg;
g is tllle acceleration due to gravity (rounded to 9,81 m-s~2).
6.6.3 Braking test cycle and braking tests
Within the spme braking test cycle, each test run of each braking test shall be made inthe’'same dire
and in accordance with 6.6.1 and 6.6.2. Several braking test cycles may be performed consecut
where the flnal braking test of the reference tyre set of a braking test cycle may serve as the i
braking test of the reference test tyre set for next braking test cycle.
Up to three different candidate tyre sets may be measured within the same braking test cycle accot

to the follow

a) Initial |

instrunf
b) Braking

and at 1
c) Uptoty
d) Final by

test run
EXAMPLES

The run orde

the following:

Ri_Tl_T‘

The run orddg
following:

Ri_Tl_T‘

where the fin

ring procedure:

ented passenger car and at least four runs shall be made.

test of a candidate tyre (T,): The reference tyreset is replaced by a candidate tyre se
Past six (6) test runs with the candidate tyre-set shall be performed.

o more candidate tyre sets may be measured.

aking test of the reference tyre (R The braking test cycle shall be closed by at least
s of the same reference tyre set@as,that at the beginning of the test cycle.

I for a braking test cycle with three candidate tyre sets (T, to T;) plus a reference tyre R wou

_T3_Rf

r for a seriesf braking test cycles with a total of five candidate tyre sets (T, to Ts) would b

_T3_Rf/Ri_T4—_T5_Rf

ction
ively,
hitial

rding

raking test of the reference tyre (R;): First, the reference tyre set is mounted on the

(T

four

Id be

e the

est of

albraking test of the reference tyre set of the first braking test cycle serves as initial braking ]

the second br

Al natact cucla
oHE +EY€

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=fdf60db33d11744baaec0238701c6072

IS0 23671:2021(E)

6.6.4 Validation of results

Fore

ach braking test, the coefficient of variation CV(BFC) is calculated as follows:

(o2
CV (BFC)=—2_x100 %

BFC

ave

where

N
1 2
Oprc =\ 2 4 1X2(BFC1' ~BFC,,. )

denotes the corrected sample standard deviation and BFC,, denotes the arithmetic meanrof

forcq

For t

a)

\

b)

If on
and 1

For t
one (
test.

6.6.3

Fort
is ad

The coefficient of variation CV(BFC) of the initial and the final braking'test of the re

The temperature-corrected average braking force coefficients [BFC

’a

i=1

coefficients BFC; of N test runs.

he reference tyre:

vithin one braking test cycle shall be less than or equal to 4 %.

e less or equal than 5% and is given by the following formula:

BFC (Ri)_BFCave (Rf)|

o (BFC)=2x|—2ve
val BFC_,. (R,)+BFC, _ (R,)|

<5%

ave (

e BFC,,.(R;)/BFC,,.(R¢) is the arithmetic mean’of the braking force coefficients in the
ng test of the reference tyre within a braking test cycle.

see 5.1, a)] a

corr’

hall be not less than 0,57 and ndt greater than 0,79.

e or both of the above conditions are not met, all test cycles shall be performed again
eferences).

oefficient of variation is higher than 4 %, discard the data for this candidate tyre an

Calculation of the adjusted braking force coefficients of the reference tyre

he calpulation of the wet grip index G(T,), the braking force coefficient BFC of the referg

the braking

ference tyre

The arithmetic means of the braking force coefficients of the initial and the final braking test shall
Eot differ by more than 5 % of the average of the two values«The validation coefficien

t (C,,) shall

initial/final

s calculated

rom the initial and from the final braking test of the reference tyre within a braking test cycle

(candidates

he candidate tyre, the)coefficients of variation CV(BFC) are calculated for each candidate tyre. If

d repeat the

bnce tyre set

usted according to the positioning of each candidate tyre set (T,) within a given bl‘akilllg test cycle.

This adjusted braking force coefficient BFC,4;(R) of the reference tyre is calculated in accordance with
Table 1, where BFC,.(R;) and BFC,,.(R) are the same as defined in 6.6.4.

G(T,) is the wet grip index of the candidate tyre T, (n = 1, 2, 3).
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Table 1 — Calculation of the adjusted braking force coefficients of the reference tyre

Numbel_' Of. candidate Fyre For the Use the corresponding adjusted BFC of the reference
sets within one braking .
calculation of tyre as follows
test cycle

1:R;-T; - Ry G(Ty) BFC,q; (R)=Y0X[BFC,, (R;)+BFC,, (R()]

G(Ty) BFC,; (R): AxBFCave )+ Y4XBFC,, (R; )
2: Ri—T1 —T')—RF

G(T,) BFC,q (R)= 13><BFCave (R, )+2 XBFC, . (R})
G(T,) BFC,; (R)=3/,XBFC, (R; )+ 1/ xBFCy), (R} )

3:R;-Ty|-T, - T3 - Ry G(T,) BFCad] )=1 X[ BFC,q (ROHFBFC, 0 (R )|
G(T3) BFC,q; (R)=1/xBFC,, (R; }#3/,xBFC,, (R} )

6.6.6 Calqulation of the relative wet grip performance index of the tyre

The wet gri
the candida

It is calculat]

G(T,)=|

n

where K
this revised

ABFC (R

where

BFC,q;(}
BFC(R,)

coefficient g,

vehidle

e tyre T, (n=1, 2, etc.) compared to the reference tyre.

ed by the formula:

C eicle x{BFc (T, )—[axABFC(R)+b><Az9+c><(A19)2 +d><AMTD}}

= 1,87 is a factor to grant consistencybetween the previous edition of this documen
edition, and to ensure convergence between the vehicle and trailer method;

)=BFCadj (R)—BFC(RO)

equals 0,68.and is fixed as the braking force coefficient for the reference tyre in th
erence conditions;

b, c and(d)are given in Table 2;

) is the adjusted braking force coefficient for the candidate tyre T, in accordance with Ta

b index of the candidate tyre G(T,) represents the relative'wet grip performance index of

I and

b ref-

AY=9-,
where
¥ isthe measured wet surface temperature in degree Celsius when the candidate tyre T, is tested;

¥, isthe wetted surface reference temperature condition for the candidate tyre T, according to its
sidewall marking as listed in Table 2.

AMTD=

where

10

MTD-MTD,
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MTD is the measured macro texture depth of the track (see 5.1);

MTD, equals 0,8 and is the macro texture depth of the reference track.

Table 2 — Coefficients for the calculation of the relative wet grip performance index of the tyre

(vehicle method)
Tyre sidewall marking 9, a b c d
°C °C-1 °C2 mm-1

Neither M + S marking nor 20 +0,.99382 +0,00269 -0,00028 -0,02472

SPNMOF marking
M(+ S marking without

3PMSF marking 15 +0,92654 -0,00121 -0,00007 -0,04279
3PMSF marking 10 +0,72029 -0,00539 +0,00022 -0,03037

An example for the test report is given in Annex A.

7 Measurement of tyre wet grip index on a trailer or a tyre test vehicle

7.1 | Principle

The measurements are conducted on tyres mounted on a trailer towed by a vehicle or a tyre|test vehicle.
The brake in the test position is applied firmly until sufficient braking torque is generated to produce
the maximum braking force that will occur prior to wheél lockup at a test speed of 65 km/H.

7.2 | Test apparatus
7.2.1 General
7.2.1.1 The test apparatus consists'ef tow vehicle and trailer or a tyre test vehicle.

7.2.1.2 The test apparatus shall have the capability of maintaining the specified speed, (6 + 2) km/h,
even|under the maximum braking forces.

7.2.1.3 The test apparatus shall be equipped with one test position and the following accegsories:

— ¢quipment to.aetuate brakes in the test position;

— in the case/of “self-watering system” a water tank to store sufficient water to supply the watering
ystem;

— recording equipment to record signals from transducers installed at the test posjtion and to
monitor water application rate if the self-watering option is used.

In the case of the one axle trailer, in order to reduce “pitch disturbance”, the longitudinal distance from
the centre line of the articulation point of the coupling to the transverse centre line of the axle of the
trailer shall be at least ten times the “hitch height” or the “coupling (hitch) height”.

In order to reduce “lateral disturbance”, trailer should be technically designed to minimize lateral
displacement during the application of maximum braking force. Visual lateral displacement should be
avoided during braking manoeuvre.

7.2.1.4 The limiting change of toe and camber for the test position shall be within +0,5° with maximum
static vertical load. Suspension arms and bushings shall have sufficient rigidity necessary to minimize
free play and ensure compliance under application of maximum braking forces. The suspension system
shall provide adequate load-carrying capacity and be of such a design as to isolate suspension resonance.
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7.2.1.5 The test position shall be equipped with a typical or special automotive hydraulic brake
system which can apply sufficient braking torque to produce the maximum value of braking test wheel
longitudinal force at the conditions specified.

7.2.1.6 The brake application system shall be able to control the time interval between initial brake
application and peak longitudinal force as specified in 7.4.4 below.

7.2.1.7 The test apparatus shall be designed to accommodate the range of passenger car tyre sizes to

be tested.

7218 Th

7.2.2 App

The apparaf
less the stoi
applied to t}h
that the wa
a minimum
jets are dirg
The water s
shall be loc3
the tester i
layer shall b
between thd
test speed.

surface in ¢
maintained

7.2.3 Inst

7.2.3.1 Gg

The test wh
velocity me
test wheel.

7.2.3.2 Gg

The instruj
temperatury

overall

e test apparatus shall have provisions for adjustment of vertical load as specitied in Z.5

aratus with a self-watering system

us may be optionally equipped with a self-watering system (pavementiwetting sys

e pavement ahead of the test tyres shall be supplied by a nozzle suitably'designed to er
fer layer encountered by the test tyre has a uniform cross sectioi~at the test speed
splash and over-spray. The nozzle configuration and position shall ensure that the v
ected towards the test tyre and pointed towards the pavement at an angle of 20° td
hall strike the pavement 0,25 m to 0,45 m ahead of the centre of tyre contact. The n
ted 25 mm above the pavement or at the minimum height/réquired to clear obstacles v
expected to encounter, but in no case more than 1003mm above the pavement. The
e at least 25 mm wider than the test tyre tread and applied so the tyre is centrally lo
edges. The volume of water per unit of wetted width shall be directly proportional t
[he quantity of water applied at 65 km/h shall*be 18 I's1 per metre of width of w
nse of a water depth of 1,0 mm. The nominal* values of rate of water application shj
within £10 %.

rumentation

tneral

bel position on the trailer'ar the tyre test vehicle shall be equipped with a wheel rotat]
suring system and with-transducers to measure the braking force and vertical load 4

tneral requiréments for measurement system

mentatiomsystem shall conform to the following overall requirements at am
s between 0 °C and 45 °C:

tem),

age tank, which, in the case of the trailer, is mounted on the tow vehigle The water heing

sure
with
vater
30°.
hzzle
rhich
vater
rated
p the
btted
11 be

ional
t the

bient

Eystem accuracy, force: +1,5 % of the full scale of the vertical load or braking force;

overall system accuracy, speed: +1,5 % of speed or +1,0 km/h, whichever is greater;

ruggedness: the exposed portions of the system shall tolerate 100 % relative humidity (rain or spray)

and all other adverse conditions, such as dust, shock and vibrations, which may be encountered in

regular

operation.

7.2.3.3 Vehicle speed

To measure vehicle speed, a fifth wheel or a non-contact precision (e.g. radar, GPS) speed-measuring
system should be used.
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7.2.3.4 Braking forces

The braking force-measuring transducers shall measure longitudinal force generated at the tyre-
road interface as a result of brake application within a range from 0 % to at least 125 % of the applied
vertical load. The transducer design and location shall minimise inertial effects and vibration-induced
mechanical resonance.

7.2.3.5 Vertical load

The vertical load-measuring transducer shall measure the vertical load at the test position during brake
application. The transducer shall have the same specifications as described previously.

7.2.3.6 Signal conditioning and recording system

All dignal conditioning and recording equipment shall provide linear output with nedessary gain
and flata reading resolution to meet the specified previous requirements. In;addition, the following
requjrements apply:

— The minimum frequency response shall be flat from 0 Hz to 100 Hz-within +1 % full scale.
— The signal-to-noise ratio shall be at least 20/1.
— The gain shall be sufficient to permit full-scale display for full:scale input signal level.

— The input impedance shall be at least ten times larger:than the output impedance ¢f the signal
jource.

— The equipment shall be insensitive to vibrations, acceleration, and changes in ambient temperature.
7.3 | Selection and preparation of test tyres

7.3.1 Trim the test tyres to remove all protuberances on the tread surface caused by mould air vents or
flashes at mould junctions.

7.3.4 Fit the test tyres on rims,in accordance with ISO 4000-1 (or as specified by the appfopriate tyre
and rim standards organizations) using conventional fitting methods. Rim width code shgll not differ
morg than 0,5 from the measuring rim width code. Ensure proper bead seating by the use pf a suitable
lubricant. Excessive usefefilubricant should be avoided to prevent slipping of the tyre on the jwheel rim.

7.3.3 The tyres/should be stabilized in performance prior to testing, which means that no evolution
of the e, valie'in test runs should be detectable; in any case there will be an ex-post verification
according tovA6.4. In all cases, tyre designed tread depth and designed tread block or rib integrity shall
not dhange;significantly with break-in, which means the pace and “severity” of the break-inf needs to be
carefully eontrolled to avoid such changes.

7.3.4 Place the fitted test tyres near the test site in such a location that they all have the same ambient
temperature prior to testing and shield them from the sun to avoid excessive heating by solar radiation.

7.3.5 Check the test tyres for the specified inflation pressure at ambient temperature (cold), just prior
to testing.

7.4 Preparation of test track and apparatus

7.4.1 Conditioning of the track

Condition the track by conducting at least ten test runs at 65 km/h with a tyre not involved in the test
programme.
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7.4.2 Towed trailer

Install the test tyre on the measuring device.

Load each of the wheels to the specified test load.

Adjust the hi

itch height and transverse position as necessary for a given test.

Check the wiring connections between tow vehicle and the trailer for opens and shorts.

7.4.3 Tyre test vehicle

Install the t

Load the teg

7.4.4 Inst

Install the fi
near as pos§

The rate of |

and peak longitudinal force is in the range 0,2 s to 0,5 s.

7.5 Gene
The testloa

For the pury
For extra-lo

7.6 Procd

7.6.1 Test

The followir
Approach th
Start the re(

For self-wat
to brake apy

When the tg
vehicle. The

st tyre on the measuring device.

t tyre to the specified test load.

rumentation and equipment

fth wheel, when used, in accordance with the manufacturer’s specifications and locatg
ible to the mid-track position of the tow trailer or the tyre test vehiele’

braking application shall be such that the time interval between initial application of

ral test conditions
1 shall be (75 £ 5) % of the tyre load capacity (loaddndex).

ose of this document, cold inflation pressure:tised shall be 180 kPa for standard-load 4
hd tyres, the cold inflation pressure shall be:220 kPa.

rdure

run
1g applies for each test ruf.

e test site in a straight)line at the specified test speed, (65 * 2) km/h.
ording system.

bring systeniydeliver water to the pavement ahead of the test tyre approximately 0,5 s
lication.

st tyres reach the test site, apply the brakes on the test wheel of the trailer or tyrg
test'should be run at the same spots on the test pad and same direction in conformity

itas

force

yres.

prior

test
with

5.1. For the

rAflar saathod bhealringe o aach coat Afvbhn Aol program chall accre a3 ki

6'm in

£1aon
TOIICT IIICTITot,;,OT ul\lxxso Ut CacTIiTr SpoUT O oIIc evardatioh pPrograrit St e €eH - wWiHtHi©

the length of where the surface was examined (with a tolerance of 0,5 m width).

Stop the recording system.

7.6.2 Processing of measurement results

For each test run in conformity with the above conditions, the peak braking force coefficient, pi,q, is
calculated as the highest value of the following u(t) equation and it occurs before lockup of the wheel.
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Analog signals should be filtered to remove noise. Digitally recorded signals must be filtered using a
moving average technique.

u(t)

:fh (¢)
f, (£)

where

u(t) isthe dynamic tyre braking force coefficient in real time;

fu(t) isthe dynamic braking force in real time, in N;

)

7.6.3

() 1isthe dynamic vertical load in real time, in N.

Braking test cycle and braking tests

Withlin the same braking test cycle, each test run of each braking test shall beanade in the saine direction

and
whet
brak

Up td
to th

a) 1
1

b) 1

c |
d) 1

EXAN

The 1
folloy

R; -1

wher]
the sq

The 1

n accordance with 7.6.1 and 7.6.2. Several braking test cycles may-he*performed ca
e the final braking test of the reference tyre set of a braking test-cycle may serve 3
ng test of the reference test tyre set for next braking test cycle.

three different candidate tyre sets may be measured withthe same braking test cyc|
e following procedure, provided that the tests are completed within one day.

nitial braking test of the reference tyre (R;): First, the.beference tyre set is mounted an
uns shall be made.

Braking test of a candidate tyre (T,): The referénce tyre set is replaced by a candidate

gnd at least six (6) test runs with the candidate tyre set shall be performed.

Jp to two more candidate tyre sets may‘be measured.

‘inal braking test of the reference:tyre (R;): The braking test cycle shall be closed by
6) test runs of the same reference’tyre set as that at the beginning of the test cycle.

PLES

un order for a series of braking test cycles with a total of five candidate tyre sets (T; to Ts)
ving:

1_T2_T3_Rf/Ri—T4_T5_Rf

e the final braking test of the reference tyre set of the first braking test cycle serves as initial b)
pcond braking test cycle.

R;- T

nsecutively,
s the initial

le according

d at least six

tyre set (T,)

r at least six

would be the

raking test of

un orderrfor a braking test cycle with three candidate tyre sets (T; to T3) would be the following:

1T, - T3 - Ry
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7.6.4 Validation of results
For each braking test, the coefficient of variation CV(u,) is calculated as follows:

o
_ H
CV ( Hpear ) =100%x—F—
'upeak,ave

where

1 < 2
0u= Xi(uoeak i “Mpeakave )

N=1—
i=1
denotes the|corrected sample standard deviation and

Hpeak,ave demjotes the arithmetic mean of the peak braking force coefficients ., ; of N testruns.

Standard dqviation and arithmetic mean refer to the measured p, values of all puns of that braking
test.

For the reference tyre:

a) The codfficient of variation CV(pu,.,,) of the initial and the final braking test of the reference|tyre
within ¢ne braking test cycle shafl be less than or equal to 4 %.

b) The arithmetic means of the peak braking force coefficients of'the initial and the final braking test
shall not differ by more than 5 % of the average of the two values:

—2><| Hpeak ave (Ri )_'upeak,ave (Rf )|

= <5%
"upeak,ave (Ri )+:upeak,ave (Rf )‘

Cval ('up< ak )

where

(R;) is the arithmetic mean of the peak braking force coefficients in the initial braking test

nupeak,ave e .
of the reference tyre within a braking test cycle;

(Rg)is the arithmetic mean-of the peak braking force coefficients in the final braking test of

:upeak,ave 5 .
the reference tyre within a braking test cycle.

¢) The tenjperature-corrected-average peak braking force coefficients [ipeax corp 2.1.b)] as calcufated
from thle initial and from’'the final braking test of the reference tyre within a braking test cycle
shall be|not less than®;65 and not greater than 0,90.

If one or both of thexabove conditions are not met, the complete test cycle shall be performed ggain
(candidates|and references).

For the canflidate tyres, the coefficients of variation of the p_... are calculated for all the candjdate
tyres. If one coefficient of variation is higher than 4 %, discard the data for this candidate tyre and
repeat the test.

7.6.5 Calculation of the adjusted peak braking force coefficients of the reference tyre

For the calculation of the wet grip index G(T,), the peak braking force coefficient of the reference tyre
set is adjusted according to the positioning of each candidate tyre set (T,) within a given braking test
cycle.

This adjusted peak braking force coefficient pi, o,y ,4i(R) of the reference tyre is calculated in accordance
with Table 3, where ppax ave(R;) and ppeax ave(R¢) are the same as defined in 7.6.4.
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Table 3 — Calculation of the adjusted peak braking force coefficient of the reference tyre

Numl.)er_of candldat_e tyre For the Use the corresponding adjusted peak braking force
sets within one braking test lculati f ffici fthe ref foll
cycle calculation o coefficients of the reference tyre as follows
1:R;-T;-R =
! 1 f G(Tl) 'upeak,adj (R)_%X[”peak,ave (Ri )+:upeak,ave (Rf )]
G(Ty) lupeak,adj (R):%xupeak,ave (Ri )+%Xlupeak,ave (Rf )
2:R;-T;-T,-R;

G(Ty) ‘upeak,adj (R):%Xupeak,ave (Ri )+%X'upeak,ave (Rf )
Glly) lupeak,adj R)=7 4X/“tpeak,ave (Rj)T7 4Xlu; eak,ave (Rf )

3: Ri - Tl - TZ - T3 - Rf G(TZ) 'upeak,adj (R)=%X[”peak,ave (Ri )+lupea|k,ave (Rf )]
G(T3) 'upeak,adj (R):%Xlupeak,ave (Ri )+%Xlur eak,ave (Rf )

7.6.4 Calculation of the relative wet grip performance index of the tyre

The et grip index G(T,) of the candidate tyre T, (n = 1, 2, 3) relativeito-the reference tyre |s calculated

by the following formula:

n

where Ktrailer =

coefflicient a, b, c and d are given in Table 4;

A19=19—190

wherte

where

G(T,) =K aiter | Bpearcave (Tn )~ XA e, (R)+bxAD+x(A0)* +dxaMTD |}

A/,Lpeak (R)=

1,50 is a factor to grant consistency betweéen previous edition of this docunent and this
reviged edition, and to ensure convergence betweenwehicle and trailer method;

9  isthe measured wettedstirface temperature in degree Celsius when the candidate tyr¢ T, is tested;

P, is the wetted surfaceTeference temperature condition for the tyre T, according tq its sidewall
marking as listed,in Table 4

'upeak,adj (R)_‘upeak (RO)

Hpeakagj(R) is the adjusted peak braking force coefficient for the candidate tyre Tn iny accordance

with Table 3

:upeak(Ro)

equals to 0,85 and is fixed as the peak braking force coefficient for the Reference tyre
in the reference conditions;

AMTD=MTD-MTD,

where

MTD is the measured macro texture depth of the track (see 5.1);

MTD, equals to 0,8 mm and is the macro texture depth of the reference track.
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Table 4 — Coefficients for the calculation of the relative wet grip performance index of the tyre
(trailer or test vehicle method)

Tyre sidewall marki % b c d
re sidewall markin a
g OC oC-1 OC_Z mm_1
Neither M + S marklng 20 +0,99757 +0,00251 -0,00028 +0,07759
nor 3PMSF marking
M + S marking without ~ .
3PMSF marking 15 +0,87084 0,00025 +0,00004 0,01635
3PMSF marking 10 +0,67929 +0,00115 -0,00005 +0,03963

An example|for the test reportis given in Annex A.
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