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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
electrotechnical standardization.
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Tyre stiffness index testing procedure for passenger car
extended mobility and run flat tyres

1 Scope

This document specifies the testing method for determining the tyre stiffness index of passenger

yﬂsmmmmdmmmm' —nt least, at a
H of 80 km/h (50 mph) and a distance of 80 km when operating in flat tyre running.mode, as per

car t
spee
ISO 1

This
tyre’

To rd
dired
pres

This

6992.

method is meant to determine the above mentioned index, for the characterization of ]
5 stiffness through its air and structural components.

ach the target, the vertical force and the vertical deflection, in the sénse of absolute ]
tion under different operating conditions, are measured (approximated in case of z¢
bure) and combined through the metrics defined in this documeiit.

method is not intended to be used for conventional tyres.

2 Normative references

The
cons
unda

ISO 4
ISO 4
ISO 1

3
Fort
ISO 4
— 1
— 1

following documents are referred to in the text\in such a way that some or all of t
fitutes requirements of this document. For _dated references, only the edition cited
ted references, the latest edition of the referehced document (including any amendme

000-1, Passenger car tyres and rims — Part 1: Tyres (metric series)
000-2, Passenger car tyres and rims— Part 2: Rims

6992, Passenger car tyres — Spare unit substitutive equipment (SUSE)

[erms and definitions
he purposes of thissdocument, the following terms and definitions apply.
nd IEC maintain terminological databases for use in standardization at the following ¢

SO Online,browsing platform: available at https://www.iso.org/obp

EC/Electropedia: available at http://www.electropedia.org/

he expected

bosition in Z
bro inflation

heir content
applies. For
hts) applies.

ddresses:

3.1

conventional tyre

pneu

3.2

matic tyre designed for use in an inflated state

run flat tyre
self supporting tyre

SST

pneumatic tyre structure provided with any technical solutions (for example, reinforced sidewalls, etc.)
designed to operate in an inflated mode and allowing the tyre, mounted on the appropriate wheel and
in the absence of any supplementary component, to supply the vehicle with the basic tyre functions at a
specified speed and distance when operating in flat tyre running mode

© ISO
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extended mobility tyre

EMT

pneumatic tyre featuring technology designed on purpose to operate in an inflated mode and allowing
the tyre, mounted on the appropriate wheel and in the absence of any supplementary component, to
supply the vehicle with the basic tyre functions at a specified speed and distance when operating in flat
tyre running mode

3.4
testrim

rim on which a tyre is required to be fitted for testing

3.5

inflation px
pressure tal
does not inc

3.6

essure
ken with the tyre at ambient temperature, as indicated by the tyre manufactureriand v
lude any pressure build-up due to tyre usage

zero inflation pressure running mode

state of the

3.7

'yre while operating in deflated condition, obtained by removing the valve-core

speed symbol

code signifyj
(3.8) under

Note 1 to ent

3.8

load index
LI
numerical c
symbol (3.7)

Note 1 to ent

3.9
loading for
Fz

ing the maximum speed at which the tyre can carry a léad corresponding to its load
service conditions specified by the tyre manufacturer

"y: Refer to ISO 4000-1:2015, Table 3.

pde associated to the maximum load.that a tyre can carry at the speed indicated by its 4
under service conditions specified by the tyre manufacturer

Fy: Refer to ISO 4000-1:2015, Table 2.

Ce

force measured during the loading condition (either in wheel spindle axle or in the loading plate), i

loading dire

3.10
loading spe
VL

speed used

ction

ed

[0.dpply the load on the tyre

rhich

index

peed

n the

3.11

absolute position

V4

position of either the tyre or the loading plate

Note 1 to entry: Absolute position is expressed in mm.

3.12

reference inflation pressure

Pref
inflation pre

ssure (3.5) to be used as a first step in testing conditions

Note 1 to entry: See Table 1.

© ISO 2017 - All rights reserved
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3.13

test inflation pressure
P;

inflation pressure (3.5) at each step “i”

Note 1 to entry: Inflation pressure is expressed in kPa.

3.14

vertical stiffness

Kz

tyre stiffness measured under vertical force input in inflated conditions

Note [l to entry: Vertical stiffness is expressed in N/mm.

3.15
tota] stiffness
Ktot
tyre characteristic linked to tyre structural stiffness (3.16) and air stiffness (3.17), for each test inflation
pressure value

Note [l to entry: In case the test inflation pressure is Pref (3.12), then Kot is equalto tyre's vertical stiffifess, Kz (3.14).

3.16
strugtural stiffness
Kstr
tyre pertical stiffness (3.14) measured in “zero i.p. running.mode”

Note [l to entry: Structural stiffness is expressed in N/mmy

Note 2 to entry: It is a function of the tyre’s construction and technological content.

3.17
air stiffness

tyre characteristic, calculated as the difference between tyre vertical stiffness (3.14) and tyfe structural
stiffrless (3.16)

Note [L to entry: Air stiffness isexpressed in N/mm.
Note P to entry: It is a fungtion of the air volume and the inflation pressure (3.5) of the tyre itself.

3.18
deflection
Sz
vertical displacement of the plate in the z direction

3.19
tyreldiameter offset

IG

change of the outer diameter due to the inflation of the tyre

4 Test method

4.1 General

Tyres, to be considered run flat tyre or self-supporting tyre (SST) or extended mobility tyre (EMT)
shall successfully complete the related endurance tests as described in ISO 16992.

© IS0 2017 - All rights reserved 3
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Inflated tyre — Vertical stiffness measurement

4.2.1 Tyre inflation pressure

Set the tyre

After fitting

The accurad

422 Tyr

The tyre shd

at the rg
from sp

two add
measur

4.2.3

The rims fo
ISO 4000-2;
alloy or heay

4.2.4 Equipment minimum requirements

A system al
the tyre foof

The theoret]
parts shall K

The machin
each millim

4.2.5 Mag
a) Resetth

as t

Rim

inflation pressure according to the ISO 4000-1 reference pressure:

250 kPa for the standard load tyres;

290 kPa for the reinforced or extra load tyres.

the tyre on the proper rim, the assembly shall be stored for at least 3 h at (25 * 3) °C.

y for the inflation pressure shall be +3 kPa.

P positioning
11l be measured at three locations equally distributed around the tyre‘s citéumference

pference position, free to be chosen, but it needs to be in contact withthe platform and
lices, if visible;

litional positions equally distributed around the tyre’s circuraference: distance bet}
bment positions approximately 120°.

S

" the measurement shall have humps (flat or round) on both rim sides, in accordance
the measuring rim width shall be in accordance with ISO 4000-1. As a general rule
'y duty rims should be used.

le to apply a relative load between:the tyre and a plate, with plate dimensions higher
print and relative movement of the two (tyre towards plate or plate towards tyre) is ne

ic tyre rotational axis shall‘be parallel to the plate and the relative movement of thg
e as such to be able to keep'the parallelism (e.g. as for plunger or footprint machine).

e maximum speed shall be 1 mm/s and the acquisition rate shall be at least 5 data poin
etre of displacentent.

hine set-up

e tyrevoad cell before testing:

free

iveen

with
stiff

than
bded.

two

s for

ment

he-load cells usually start the data acquisition at approximately 100 N, the measure

d e 1 1l b . 100 N 1 1
ata AdLUQUISIUIUIT SIIAIT SUAI' U dl TUU IN UL DTIUVV.

b) Atleast

the following channels shall be recorded:

— loading force (Fz) (N), accuracy #0,5 % of maximum load cell capacity, but in any case,
maximum 100 N.

— absolute position (z) (mm) accuracy £0,5 mm.

One vertical load value (Fz) shall correspond to only one absolute position value (z) and vice versa.

The ambient temperature at the measuring machine shall be (25 + 5) °C.

The total number of acquired data points shall be in the range between 100 and 1 000 per inflation
pressure step (refer to Table 1).

4

© ISO 2017 - All rights reserved
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The surface of the platform in contact with the tyre during the measurement shall be smooth steel.
The surface shall be cleaned with appropriate liquids according to the maintenance instructions of the
machine.

4.2.6 Maximum testing load

The maximum load at Pref to be reached during the test is 150 % of the maximum load associated to the
load index value of the tyre (refer to ISO 4000-1:2015, Table 2).

4.2.7 Procedure

4.2.7

4.2.7

distajnce between the lowest tyre point and the plate.

To s
detel
back
pres

4.2.7

4.2.7

4.2.7
defle

4.2.7

4.2.7
prop

.1 Mount the tyre on the machine.

.2 The initial distance between the tyre and the plate shall be at least 10 mm; meéasurg

t the starting point for data acquisition, the inflated tyre is loaded with a light load (F;
'mine the contact point between the tyre and the loading plate. Frem-this point, the ty
by at least 10 mm. This last position is the starting point (0,0) tobe.used for all of the n
fure steps.

.3 Start the channel recording.
.4 Startloading the tyre using a constant loading speed of maximum 1 mm/s.

.5 Inflation pressure step 1 is stopped at the maximum load (150 % LI), where th
ction, Szmax, is recorded and set as stopping ¢riterion for the following inflation pressur

.6 Unload the tyre and move back to.the (0,0) position as defined in 4.2.7.2.

.7 Repeat4.2.7.3,4.2.7.4 and 4.277.6 for the inflation pressure steps 2, 3 and 4. For each

d as vertical

<100 N) to
rre is moved
ext inflation

e maximum
e steps.

of them, the

br test inflation pressure is repoerted in Table 1, while the loading stop criterion is Szmax fofr all of them.

Table 1.—Testing conditions for each inflation pressure step

Inflation pressure steps, i Stop criterion Test inflation pressure, P; (kPa)
1 150 % LI Pref
2 S7max 100
3 S7Zmax 70
4 S7Zmax 30

An exka

© ISO

2017 - All rights reserved
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Y

Key

X axlerepf
axle repi]
Pref

100 kPa
70 kPa
30 kPa

BwWw N R <

Figure 1
chg

4.2.7.8 Th
4.3 Zero

4.3.1 Gen

Possible tyr

10 000
1

8 000

6 000
2

4 000 3
4

2 000

0! \
0 5 10 15 20 25 30

esents the vertical deflection Sz, in mm
esents the vertical load Fz, in N

— Load vs deflection, Steps 1 to:4— Schematic illustration of measured deflecti
racteristics at one measuring pgsition, where Sz offset was not implemented

e procedure from 4.2.7.3-te4.2.7.7 shall be repeated for each turning position.

inflation pressurétyre — Structural stiffness determination

eral

e sidewall’buckling and tyre tread bulging can occur when performing the measure

at zero inflgtion pressure; such phenomena can lead to measurement problems and generate diff

results.

ment
brent

Therefore, the determination of the 0 kPa curve is based on Formula (1), using the data acquired while

measuring t

F;(S7,P;)=Fg, +F,

he inflated tyre in the four steps reported in 4.2.7.7:

+IG

str air

The slope of the calculated 0 kPa curve represents the structural stiffness of the tyre.

An example

of the determined 0 kPa curve is shown in Figure 2.

(M

© ISO 2017 - All rights reserved
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Y 10 000

8 000

6 000

4 000

Key

Ul D W N R =<

Fig

4.3.2
The 1§

62 W=~ S \ S

2 000

hxle represents the vertical deflection Sz, in mm
hxle represents the vertical load Fz, in N

D
ref

00 kPa

/0 kPa

B0 kPa

) kPa

itting curve, mathematical model
) kPa fitting extrapolation curve

ure 2 — Test steps 1 to.4, Fitting load-deflection curves from P.fto 30 kPa and ¢
curve for 0-kPa condition, where Sz offset was not implemented

Mathematical’model of the vertical forces

test Inflation\pressure P; is described by Formula (2):

I

- 3 2
(52,8 ) = (055> +b-577 4S5 )+ daiy Py S+ foip Py e

where

a, b, ¢, daiy, fair, € are the fitting parameters;

Sz is the vertical deflection, in mm;

P;

from 1 to 4

The fitting curves for the corresponding four inflation pressure steps shall be computed.

© ISO

2017 - All rights reserved
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4.3.3 Quality of the approximation

The relative

error “r” is defined as given in Formula (3):

where
FZj

FzjFig
n

and may nof

4.3.4 Mathematical model of the total stiffness

The total sti
in Formula

K7 (Sz,

where
3a +572
dair : Pi
K7 can be se

K7 (Sz,

where the sf
Kstr (SZ

and the air

(3)

is the measured vertical force, in N;
is the calculated vertical force Formula (2), in N;
is the number of measurement points;

exceed 3,5 %. If the value is exceeded, the approximation shall be‘repeated.

ffness, Kz, is calculated as the slope of the load-deflection curve from Formula (2) as §
4):

)

dF.
p )=—2%

, =3a-S,% +2b-S, +c+dy, P,

Sz
- 2b - Sz + ¢ is the structural part;
is the air part.

parated into a structural §tiffness and an air stiffness part as given in Formula (5):

P )=Ksee (S7)+ Kair (Py)

1

ructural stiffuess’is given in Formula (6):

)=3a-S/AK2b-S; +c

tiffhess at the test inflation pressure P; is given in Formula (7):

riven

(4)

(5)

(6)

P,

1

Kair(

As can be se

—d... P

air i

en from Formula (6), the structural stiffness, Kst, depends only on the deflection, Sz.

4.3.5 Deflection calculation

(7)

Calculate the vertical forces Fzpg at 0,8 LI and Fz13 at 1,3 LI at the reference pressure, Pref, as given in

Formula (8)

and Formula (9):

Fz08 (Sz08

P

ref

)=0,8-LI for Szog

(8)

© ISO 2017 - All rights reserved
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9

Szo0g is the deflection corresponding to the vertical force Fzpg, with Fzog = 0,8 LI;

S713 is the deflection corresponding to the vertical force Fz13, with Fz13=1,3 LL

Figure 3 shows schematically how Szpg and Sz13 are determined.

Y

F213= 1,3 LI

ongz 0,8 LI

X  3xle represents the vertical deflection Sz,<in mim
Y axlerepresents the vertical load Fz, in'N

Figure 3 — Schematic illustration of Ki,t and K, as well as the determination of the deflections

4.3.4 Structural stiffiess calculation

Szo0s and Sz13 on-the load-deflection curve at reference inflation pressure

Using Formula (6)/tHe structural stiffness Kstrog and Kstr13 are calculated based on the deflections Szog

and $713 determined in 4.3.5, as given in Formula (10) and Formula (11):

~—

, S 2
( st008 =K stros (Sz0s ) =3 Sz0g” +2b-S70g +¢

(10)

_ — 2
K13 =Ksir13 (S713)=30a-S713° +2b-S743 +¢

4.4 Structural part of the TSI

(11)

Based on Formulae (10) and (11), the structural part of the TSI is calculated as their arithmetic mean

given in Formula (12):

1
TSlg = E(KstrOS +Kir13 )

© IS0 2017 - All rights reserved
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4.5 Air part of the TSI
Using Formula (7), the air part of the TSI is calculated from the air stiffness, K;jr, as given in Formula (13):

TSIy =K Pret ) =d i - Pres (13)

air air (

As an alternative, the air stiffness of the tyre may be determined from the difference of total stiffness
Kiot and structural stiffness Kgtr.

4.6 Tyre stiffness index (TSI) calculation

The TSI is obtained according to Formula (14) and Formula (15):

TSI, Air fomponent: K ;. =K o —K it (14)

1
TSI, Stryctural component: K. = E(KstrOS +Kgir13 ) (15)

The TSI valye shall be calculated for each of the three measurement positions'défined in 4.2.2.
The standard deviation of the three calculated TSI values may not exceed4;5 % for Kair, and 7,0 % for Kstr.
If the above|values are exceeded, the approximation/measurements shall be repeated.
For final conpsideration, the median of these three values is used.

In Annex A, pn example of a test report is given.

Figure 4 shqws an example for the determination of the-structural and air stiffness.

10 © IS0 2017 - All rights reserved
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