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1. Scop

This SAE Recommended Practice describes a test method for determining the, verticgl force and

deflection properties of a non-rolling tire and the associated contact patch length and width. [The method

applies to any tire so long as the equipment is properly scaled to conduct_the measurenients for the
intended tedt tire. The data are suitable for use in determining parameters.for’road load mqgdels and for
comparative] evaluations of the measured properties in research and development.

NOTE—Hergin, road load models are models for predicting forces applied to the vehicle spipdles during
opefation over irregular pavements. Within the context ¢f\this Recommended Praftice, forces
applied to the pavement are not considered.

1.1 Procddures

Two proceduyrres are specified. The first procedure produces tire normal force/deflection data.|The second

procedure produces gross footprint, tire contact,"area, dimensions. Properly applied, |the second

procedure can simultaneously produce both normal force/deflection data and gross footprint dimensions.

1.2 Test Machines

This documpnt is test machine neutral/ It may be applied using any type of test maching capable of

fulfilling the fequirements stated intthis document. The test machine must be capable of accpmmodating

the tire sizeg which are to be tested.

1.3 Ratiopale

J2704 has been reaffirmed to comply with the SAE 5-Year Review policy.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2010 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical,

photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) SAE values your input. To provide feedback
l:; ;;473%733'9‘3970 (outside USA) on this Technical Report, please visit
Email: CustomerService@sae.org http://www.sae.org/technical/standards/J2704 201009
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ns that follew:are of special meaning in this Recommended Practice and are either not

e.

OIS

of the large

normal forces applied in the procedures specified in this Recommended Practice for the total area in
contact to include parts of the tire surface that are normally considered to be parts of the sidewalls as well
as portions of the tire surface normally considered to be part of the tread surface. Figure 1 is an example
of an ink block contact area print.
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3.2 Conts
For purposg
The rectang
the contact
shown in Fig
3.2.1 CoN
Contact Pat

most algebn
positive X' ¢

3.22 CoN

Contact Pat
most algebr

FIGURE 1—INK BLOCK CONTACTAREA PRINT
ct Patch Dimensions
s of this practice a rectangle is imposed\about the contact patch as illustrated
e’s sides touch the most forward, most rearward, leftmost and rightmost points
batch. The sides are parallel to the~X"and Y’ axes of the SAE Tire Axis Syster
ure 1.
TACT PATCH LENGTH, L
Ch Length is the distante from the rearward edge of the imposed rectangle (the €
aically negative X7 coordinate) to its forward edge (the edge with the most
pordinate).

TACT PATCHWIDTH, W

ch WidtR'is the distance from the leftmost edge of the imposed rectangle (the e
picallyvhegative Y’ coordinate) to its rightmost edge (the edge with the most

in Figure 1.
composing
N, which are

dge with the
hlgebraically

fHge with the
hlgebraically

positive Y’ ¢

pordinate).

3.3 Test

A Test is execution of the procedure described in this Recommended Practice one time on one tire at a

single set of

test conditions.
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3.4 Test Program

A Test Program is a designed experiment involving a set of the tests described in this practice.1

4.

Nomenclature

Table 1 lists the symbols used in this document. For further information on items not in Section 4 of this
practice please see SAE J2047.

5. Labor

The laboratq
quality syste
17025. The
within this p
6. Appa
The requireq
6.1 Loadi

The loading
simulated ro
6.1.1 LOA

The system

TABLE 1—SYMBOLS DEFINED

Symbol Defined Term
0z Vertical Deflection
Fz Normal Force
L Contact Patch Length
p Inflation Pressure
R Loaded Radius
c Standard Deviation (Note Subscripts)
w Contact Pateh\Vidth

atory Quality System Requirement

ry performing either of the procedures specified in this Recommended Practice
m either conforming to ISO 17025 or which'¢an be shown to be functionally equi
elements of such a system are assumegd:below and are not, therefore, specifica
actice.

atus

apparatus consists of a loading machine and test rims.

ng Machine

adway, and/the ‘space housing the machine, which shall be maintained at 22 °C 4
DING AND-POSITIONING SYSTEM

shall maintain the tire with the tire/wheel plane within £0.05° of perpendicular to t

roadway du

machine’s full-scale norma

shall have a
alent to ISO
ly called out

machine consists of a tire loading and positioning system, a measuring system, a flat surface

2°C.

e simulated

++6% of the test
| force range. The machine’s full-scale normal force range shall allow

imposition of loads equivalent to at least 400% of the client specified 100% load. The hub may be either

fixed or free

to rotate about the spin axis.

" There are many experimental possibilities: repeated tests of the same tire, tests of the same tire under multiple test conditions,
tests of tires with different specifications (design details), application of this test as part of a series of different tests, etc.
% In a practical sense the hub of a properly aligned machine will not rotate during loading in this test so fixity is a moot point in this

case.
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6.1.2 MEA
Two coordin

6.1.2.1

SURING SYSTEM

ated measuring systems are required.

Load/Deflection Measuring System

This system shall measure normal force to within +0.5% of the test machine’s full-scale normal force
range and loaded radius to within £0.5 mm.? The system shall have a normal force range that allows

measureme

nt of forces equivalent to those existing at 400% of the client specified 100% load

6.1.22 C
The system
target norm
systems ing
matrix mat e

of imaging the static tire/simulated roadway contact. The system shall ‘allow determinatio

patch length
6.1.3

The simulat
of which the

6.1.3.1
6.1.3.2
af
m
6.2 TestH

Test rims sh

SIMYLATED ROADWAY

The roadway shall be large enough to fullysupport the entire tire footprint.

The roadway and its supporting structure shall be sufficiently rigid so as to

pntact Image Measuring System

shall give an image of the portion of the tire in contact with the simulated rog
bl force imposed by the loading and positioning system. Examples of satisfac

lectronic pressure sensing system computer imaging, or such-other systems as

and width within £2.0 mm.

bd roadway shall be a smooth flat surface free ‘of-loose materials and deposits.
roadway is made is unimportant so long as the;roadway satisfies the following cri

preciably in either transverse .or longitudinal orientation or in curvature under th
bximum applied normal force,

Rims

all meet the dimensional tolerances of original equipment rims supplied on new

lude ink block printing, frustrated total internal reflection photography or vid¢o imaging

dway at the
ory imaging
are capable
n of contact

he material
teria.

not change
e machine’s

yehicles and

match the fim profile for ¢he“applicable tire as specified by the appropriate tire and riqn standards

association,

NOTE—Rim
effe
cha

for examplenthe Tire and Rim Association, Inc.

stiffnessumay have a discernable influence on the results. At this time, the preg
ct has/not been established. Further, there is not now a recognized way to 3
acterize rim stiffness for use in this Recommended Practice. It is planned to

ence of this
ppropriately
hddress this

que

btian by research carried out nrior to-the five-vear review of this nractice
J Lud P4 Lad T

® Should the measuring system sense multiple forces and moments, the output shall be corrected for load cell interaction by a matrix

method conce

ptually equivalent to that discussed in SAE J2429.

*Thisis a process in which the tire surface resting on a plastic membrane presses on a thick glass plate illuminated from the edges
such that total internal reflectance occurs where there is no tire pressure (contact). Where pressure occurs, the total internal

reflectance is

modified proportionate to the applied pressure and a footprint image is produced.
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7.  Calibration®

Calibrate all measuring system components in accordance with the mandates of the written plan required
by the laboratory quality system referenced in Section 5. Calibration must exercise all measuring system
components over substantially their full range of application and must be performed not less than once
each year. The reference standards and instruments used in measuring system calibration shall be
traceable to the National Institute of Standards and Technology or the appropriate national standards
organization with currently valid calibration certificates on file in the testing laboratory’s files when the
system’s calibration is performed. Gains, offsets, and other pertinent performance measures and
comments gn system behavior during calibration shall be kept permanently on file withinj the testing
laboratory’s rchives and be available to customers on request.

8.  Prepdration of Apparatus®

Preparation [of the apparatus shall ensure that the test equipment meets itsCealibration at the outset of
each test prpgram and that the contact visualization system is functioning.correctly. The pregise process
control method used to verify readiness of the apparatus is likely to be,unique to an individpal test site,
but must be|specified in writing within the quality system of the laboratapby. The results of prgcess control
experiments shall be available to customers on request.

9. Selection and Preparation of Test Tires

9.1 Selecting the Tires for Good Comparability

The purposg¢ of the test must be carefully borne inimind when selecting test tires since tife properties
depend on numerous factors besides the tire desigh and materials. It is especially important to properly
account for |storage history (SAE 810066) and, previous work history (SAE 770870). Due fo the many
complex questions that the test defined in_this document may be used to address, specific {ire selection
recommendgtions can only be made for ¢he case in which different tires are to be compared for pure
design or materials effects. In that case; all test tires should be of approximately the samge age, have

® If required, Section 7 of SAE J2429 provides an expanded discussion of the question of calibration in the case of a more complex,
but conceptually parallel measuring system.
& If required, Section 7 of J2429 provides example possibilities for a more complex, but related measuring system.
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9.3 TireP

reparation

Clean the tire surface of dirt, loose material, or other contaminants. Mount the test tire on the tire and rim
standards organization specified rim.” For rim wheels used on large vehicles such as trucks, tractors,
buses, and off-road machines, mounting and demounting shall be done in accordance with the practices
specified in (OSHA 1910.177). (OSHA 1910.177) does not apply to the servicing of rim wheels used on
automobiles or on pickup trucks and vans utilizing automobile tires or truck tires designated “LT”. The rim
used shall meet the specifications noted in Section 6.2.

9.4 Samp

Typically, a
adequate sg
to determine
use statistic
the differeng

10. TestH

10.1 Prior

The test tire
the test mag

the client specified 100% load or the load at which ‘the rim flange is within 25 mm of th

roadway is
10.2 Tire N

The test tire
ways to run
analog filten
acquired da
whichever is
the test.

e Size

single tire selected at random from among the group of tires in eachhspecifi
mple if the goal is parametric data for producing a tire model. However,"should t

blly valid sample sizes and to employ appropriate statistical analyses of the resu
les among specifications.

rocedures
o Performing Either Procedure

and rim assembly with the tire properly inflated<and prepared for testing shall be
hine. The tire shall be carefully loaded until a @ormal force equivalent to the lesség

eached. The lesser of the two loads is the'maximum load to be used in these pro
ormal Force/Deflection Procedure

and rim assembly mounted.and inflated in Section 10.1 is now tested. There g
this procedure. Both are described in this section. For either method, appropri
ng shall be applied to*prevent aliasing due to high frequencies from conta
la. Low frequency osScillations are to be dealt with either through curve fitting
more appropriate for the test method chosen within the context of the laborator]

cation is an
he desire be

differences between tire specifications at a stated level of accuracy it will be pecessary to

Its to define

mounted on
r of 400% of
e simulated
bedures.?

re two basic
te low pass
inating the
br averaging
performing

" The Tire and Rim Association, Inc. is an example of a tire and rim standards organization.
® This approach is intended to prevent damage to the test machine, tire cutting by the rim flange, and destruction of the test rim.
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10.2.1

INCREMENTAL LOADING METHOD

Divide the maximum allowable load, determined by the pre-experiment defined in Section 10.1, into 10
equal increments. Tare the measuring system. Determine and record the loaded radius at which skim
contact exists between the tire and the roadway. In practice, this is the smallest loaded radius that can be
achieved before normal force is exerted on the tire by the road.’ Tare the measuring system. Load the tire
to the lowest of the 10 normal force increments. Allow the load to stabilize. Acquire 10 samples of normal
force and loaded radius data. Retract the tire to zero normal force. Tare the measuring system. Load the
tire to the second lowest of the 10 normal force increments and allow the load to stabilize. Acquire 10

more sampl
tare/load/ac
Preserve th
processing.

10.2.2 RaM

Tare the m
downward u
original load
data shall b
data acquire

10.3 Grosq

This is a v
behavior. In
block printin
substituted
measureme
only necess

10.3.1 BLO

10.3.1.1 11

pd
in
in

bs of normal force and loaded radius data. Retract the tire to zero normal force
juire data/unload sequence until data have been acquired at all 10 normal force
normal force and loaded radius data including the skim data in a computer

)

-

PED LOADING METHOD

basuring system. Beginning with the tire slightly out of econtact, ramp the Io
ntil the maximum allowable load defined in Section 10.1 s feached then retract t
ed radius. The ramp shall be completed in between one’and three minutes. Du
b acquired at a rate of at least 25 samples per second/ The normal force and Ig

Footprint Dimension Procedure

priant of the incremental loading method for determining the tire normal for
this practice the contact image measuring system that is specifically discussg

subject to the limitations of the\system used. To obtain the tire normal for
hts by the incremental method simultaneously with the production of the footprin{

CK PRINTING DESCRIPTON

pieces of a paper that will not wrinkle under the stresses in the tire contact,
sterboard or. Bristol board will be prepared for each tire. Each piece of paper sh
size than.the largest footprint that is expected. 10 pieces are for printing. The 1
experimental setup. Each piece is to be labeled with the tire identification.

10.3.1.2 Trlue section of the tire to be printed shall be coated with an appropriate ink or paint.

Repeat the
increments.
file for data

aded radius
ne tire to the
ing ramping
aded radius

d during the loading cycle are to be preserved in ascomputer file ready for data processing.

ce/deflection
d is the ink

g method. Plainly, total internal-reflection imaging or a pressure mat sysfem can be

ce/deflection
images it is

ary to conduct normal force and loaded radius data acquisition at each imaging condition.

or example,
all be larger
1" is for use

10.3.1.3

10.3.1.4

The tire is then pressed against the posterboard at the desired test condition.

a good print, but before appreciable drying of the ink or paint has begun.

The tire is retracted after the time that the laboratory has determined to be required to produce

° After setting skim, a very small force may exist or the tire may actually clear the surface by a tenth of a millimeter or slightly more.

For example

, a foam-rubber stamp pad and stamp pad ink have been found to be adequate to coat the surface.
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