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1.3.1

IDEAL MACHINE

An ideal machine is a machine, which is capable of fully matching every item in this document,
SAE J2673, or SAE J2675. Such a machine neither exists at the time this document was written nor is it
certain that the technology to build such a machine exists at this time.

MAY2004

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 © 2004 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)
Tel:  724-776-4970 (outside USA)
Fax: 724-776-0790
Email: custsvc@sae.org

SAE WEB ADDRESS: http://www.sae.org


https://saenorm.com/api/?name=fc914fcbabbf70c5156bc65ddbcee913

SAE J2429 Revised MAY2004

2.

2.1

References

Applicable Publications

The following publications form a part of the specification to the extent specified herein. Unless otherwise
indicated the latest revision of SAE publications shall apply.

211

SAE PUBLICATIONS

BREAAK HYS Alorean

Available fr

SAE CRP-1
SO\
Stra

Rec

SAE J670e
SAE J20474
SAE J2673
SAE J2675
SAE 760024

D. Mars
SAE 77087

(o] 1L0
T T

A Qe 0004
LN EAVAvAvaviv i

an nonweaith-BriveWearrendate;
—Truck Tire Characterization, December, 1995
V 1.2.1 Final Report, M. G. Pottinger, August 7, 1994.
ght-Line Braking Test for Heavy Duty Truck tires, M. G. Pottinger, G. Al Tapia, O
W. Pelz, ACS Mtg., 10/17-1995.
bmmended Test Sample Sizes (SOW 1.5) and The CALSPAN/UMTRI Comp4d
3.0), SAE CRP-11, M. G. Pottinger, W. Pelz, July 30, 1994.

—Vehicle Dynamics Terminology

—Tire Performance Terminology

-Straight-Line Braking Test for Truck and Bus Tires

—Combined Cornering and Braking Test for Truck and Bus Tires

—Effects of Test Speed and Curvature on Cornering Properties of Tires, M. G.
nall, and G. A. Arnold, 1976.

—The Effect of Tire Break-in on Force and‘Moment Properties, K. D. Marshall, f

M.G.P

SAE 810066—The Effect on Aging on Force and-Moment Properties of Radial tires, M. G. H
K. D. M@rshall
SAE 962153—Truck Tire Wet Traction: Effects of Water Depth, Speed, Tread Depth, Inflatio

M.G.P

2.1.2 TIRH

Available frg

XXXX Yeart

2.2 Other

OSHA Stan

ttinger, and W. Pelz, 1977.

ttinger, W. Pelz, D. M. Pottinger, and C. B. Winkler

AND RIM ASSOCIATION PUBLICATIONS

m the Tire and Rim.Association, Inc., Copley, OH 44321-2793.

ook, The Tire'ahd Rim Association, Inc. (XXXX stands for the current year)
Publications

Hard®1910.77—Auvailable in wall chart form as #TTMP-7/95 from the Rubber M

. B. Winkler,

rison (SOW

Pottinger, K.
R. L. Phelps,
ottinger and

n, and Load,

hnufacturers

PaVaVaVay .

Associa

NIST Handbook 105—Specifications and Tolerances for Reference Standards and Field Standard

Weights

and Measures (NIST Class F) Available

http://ts.nist.gov/ts/htdocs/230/235/105-1.pdf.

3.

Definitions

electronically

at

The definitions, which follow, are of special meaning in this document and are either not contained in
other documents or are worded somewhat differently in this document.
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3.1

Test

Execution of the procedure described in this document one time on one tire.

3.2 Test Program

A designed experiment involving a set of the tests described in this document.

4.

Table 1 lists

5.

5.1

A laboratory
comprised g
system. Tak
positioning
other relateq

Nomenclature

Appa

the symbols used in this document.

TABLE 1 - SYMBOLS DEFINED

Symbol Defined Term

o Slip Angle

C Force and Moment Interaction Matrix

- Force and Moment Corrected for Interactions
Feen Force and Moment Sensed by Measuring'System
Fy Longitudinal Force

F, Lateral Force

F, Normal Force

Y Inclination*Angle

M, Overturning:\Moment

M, Aligning Moment

Q) Spin Angular Velgcity about the Wheel Spindle
p Inflation Pressure

R, Loaded Radius

S Test Speed

SR Slip Ratio

T, Ambient Temperature

T, Spindle Torque

ratus

Labotnatory Machines

machine for performing truck tire force and moment testing according to this
f three systems: a simulated roadway, a loading and positioning system, and
le 2 speecifies the applicable setting accuracies with respect to test speed,

tests such as straight-line braking and combined cornering and braking

document is
h measuring
oading, and

lusiideal control setting rates for machines capable of performing not only this t¢st, but also,
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5.1.1

The simulat
exhibit esse|
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shall be mai

NOTE—Th¢g
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5.1.1.1
W
te

5.1.1.2
ay
m

SIMYLATED ROADWAY

The roadway shall be wide enough to support the entire tire footprint. Ideally, the

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

TABLE 2 - LABORATORY MACHINE CONTROL SETTING
ACCURACIES AND IDEAL RATES

Least Acceptable
Setting Accuracy

Least Acceptable
Setting Accuracy

Setting Sl Units USC Units
Test Speed +1.0 km/h +0.6 mph
Normal Force +1% of Full Scale +1% of Full Scale
Slip Angle +0.05 degree +0.05 degree
Inclination Angle' +0.05 degree +0.05 degree
Spin Angular Velocity' +10rpm +10rpm
Rate Ideal Maximum Rate

Normal Force > 8900 N/s > 2000 Ib/s

Slip Angle > 5 degrees/s > 5 degrees/s

Spin Angular Velocity' >1200 rpm/s >1200 rpm/s
Inclination Angle' > 1 degree/s > 1 degree/s
' Inclination Angle (y) and spin angular velocity (o) are not required @nd,are
not used in this document. They are provided should anyone desiré to
build a machine for more general tests.

bd roadway shall be a surface coated with an abrasive material. The abrasive n

bdure such as the example included in Section 7, Preparation of Apparatus. T
htained free of loose materials and deposits.

proper frictional characteristics for\the simulated road surface and the ch
onal characteristics with time (surface endurance) are not defined. These 4
h should be resolved through research prior to the next 5-year renewal of this do

puld be 800 mm (31.5.in) to insure that the widest envisioned tire (605/70R20
sted.

preciably im.either transverse or longitudinal curvature or angular orientatio
bximum tést loads applied in this document.

5113 T

(r

e roddway shall preferably be flat or, if curved, have a very small curvature,
dius > 1.52 m (60 in)), as roadway curvature distorts tire force and momer

naterial shall

htially stable frictional properties over a usefuliperiod of time as confirmed by a control tire

he roadway

bnge of the
re subjects,
cument.

active width

5) could be

not change
N under the

large radius
t properties

(SAE 7600297

5.1.1.4

The drive system shall be capable of operating the roadway at the test speed, S. An ideal

drive system would permit speeds between 10 and 120 km/h (6 and 75 mph). Test speed

affects tire force and moment data (SAE 760029).

Therefore, it is desirable to

speed, S, as realistically as possible consistent with the test machine’s capabilities.

5.1.1.5

specify test

Temperature shall be maintained within the allowable ambient temperature, T,, range specified

in Section 8 , Selection and Preparation of Test Tire and Section 9, Test Procedure. Ambient
temperature affects tire temperature and tire temperature affects tire force and moment data
(SAE 770870).
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5.1.2

LOADING AND POSITIONING SYSTEM

The system positions the tire with respect to the roadway and loads it against the roadway surface at the
normal forces, F, specified in Section 9 of this document, Test Procedure. The system shall
accommodate the tire sizes to be tested.

5.1.2.1 The loading and positioning system shall accommodate tire-wheel-assemblies with diameters
and widths required by users. An ideal system would accommodate rims from 6.00X15 to
20.00X24.5 allowing testing of tires between 800 mm and 1350 mm (31.5 to 55.0 in) in outside
digrmeter-with-secton-widths-tpto-635-mm—{(25-0-R)-

5.1.22 TTe loading mechanism shall be able to exert the normal forces required by the Test
Procedure, Section 9, for the tire sizes to be tested. An ideal loading system would be able to
exert normal forces magnitudes of up to 140 kN (31 500 Ib).

5.1.2.3 The positioning system and its supporting structure shall provide a.slip angle, a. |t shall, as a
m|nimum, permit incremental setting of slip angles from —7 degrees to +7 degregs. An ideal
slip angle setting system would be able to continuously set-slip angles from —1§ degrees to
+15 degrees at a minimum.

5.1.2.4 If|inclination angle, vy, setting capability is provided,sthe positioning system and its supporting
stfucture shall, as a minimum, permit incrementalsetting of inclination angles fron] -5 degrees
to[ +5 degrees. An ideal inclination angle setting system would be able to confinuously set
inglination angles from -10 degrees to +10 dégrees.

5.1.3 MEASURING SYSTEM

The measurng system shall, at a minimum, be capable of measuring these data: aligning moment (M,),

lateral forcel (Fy), normal force (F,), test._speed (S), and slip angle (o). The individual results for all

channels sHall be corrected for tare.\ _Interactions shall be corrected by a matrix method. Section 6,

Calibration,
and three m

The ideal m
temperature
(p), lateral f
(M,), test sp
(Ty). The ing

brovides a matrix correction example for an ideal machine capable of measuring
bments.

basuring systemm, should be capable of measuring these data: aligning moment (
(T,), inclination angle (y), (if the positioning system permits tire inclination), inflat
prce (F),\loaded radius (R,), longitudinal force (F,), normal force (F,), overturn
eed (8);.slip angle (o), spin angular velocity about the wheel spindle (), and s
ividoal'results for all channels should be corrected for tare. Interaction should

by a matrix

three forces

M,), ambient
on pressure
ing moment
indle torque
be corrected

méthod. Section 6, Calibration, provides a matrix correction example for an id

pal machine

capable of measuring three forces and three moments.

5.1.3.1

The range of measurement for each individual channel must include the expected result range
for the test tire in questions when tested according to Section 9, Test Procedure. Table 3
provides a set of ranges consistent with the ideal capacities of the roadway and loading and
positioning systems expressed in this document.
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TABLE 3 — MEASURING SYSTEM IDEAL RANGES

Full Scale Range Full Scale Range
Measurement Sl Units USC Units
Aligning Moment 0+ 11 kN-m 0+ 8.100 ft-Ib
Ambient Temperature® 10to 35°C 50 to 95 °F
Inclination Angle® 0 + 10 degrees 0 + 10 degrees
Inflation Pressure® 0 to 1050 kPa 0 to 150 psi
Lateral Force 0+ 140 kN 0+ 31500 Ib
Loaded Radius® 350 mm to 675 mm 14.5int0 27.5in
Tongnudinar Force U £ 140 KN U £ 31500 D
Normal Force 0 to 140 kN 0to 31500 Ib
Overturning Moment? 0 + 33 kN-m 0 + 24 300 ft-Ib
Slip Angle 0 + 15 degrees 0 + 15 degrees
Spin Angular Velocity® 0+ 2,000 rpm 0+ 2,000 rpm
Spindle Torque® 0 + 94,500 Nm 0 + 70,000 ft-Ib
Test Speed 0 to 120 kph 0 to 75 mph
* This measurement is recommended for an ideal machine, but is not réquifed for

this test.

5.1.3.2 The measurement accuracy for each channel shall be gqual to or better than that listed in
Table 4.

TABLE 4 - LABORATORY MACHINE MEASURING
SYSTEM ACCURACIES

Measurement Accuracy’
Aligning Moment +0.5% of Full Scale
Ambient Temperature® +0.5 °C (+ 1.0 °F)
Inclination Angle® +0.02 degree
Inflation Pressure® +3.5 kPa (= 0.50 psi)
Lateral Force +0.5% of Full Scale
Loaded Radijus’ +0.5 mm (+ 0.020 in)
Longitudinal Force® +0.5% of Full Scale
Normal Force +0.5% of Full Scale
Overturning Moment® +0.5% of Full Scale
Slip Angle +0.02 degree
Spin Angular Velocity? +5 rpm
Spindle Torque® +0.5% of Full Scale
Test Speed +0.5% of Full Scale

€\This measurement is recommended for an ideal machine, but is not
required for this test.

® This applies to a single sample with loading of only the measurement
channel being examined.

5.1.3.3 The A/D converters used must have a 12 bit or greater resolution.
5.2 Over-the-Road Machines

An over-the-road machine for performing truck tire force and moment testing according to this document
is comprised of three systems: a mobility system, a loading and positioning system, and a measuring
system. Table 5 specifies the applicable setting accuracies with respect to test speed, loading, and
positioning, plus ideal control setting rates.
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TABLE 5 — OVER-THE-ROAD MACHINE CONTROL
SETTING ACCURACIES AND IDEAL RATES

Least Acceptable
Setting Accuracy

Least Acceptable
Setting Accuracy

NOTE—The
disc
surf
high
end
resq

521 Mosg

The mobility

the test spe

and 120 km
it is desiral
capabilities.

522 LOA

The system

normal forcg
tested.

Setting Sl Units USC Units
Test Speed +10% of Full Speed +10% of Full Speed
Normal Force +3% of Full Scale +3% of Full Scale
Slip Angle +0.10 degree +0.10 degree
Inclination Angle' +0.10 degree +0.10 degree
Rate Ideal Maximum Rate
Normal Force > 8900 N/s > 2000 Ib/s
Slip Angle > 5 degrees/s > 5 degrees/s

Inclination Angle' > 1 degree/s > 1 degree/s
' Inclination Angle (y) and spin angular velocity (») are not required and are not
used in this document. They are provided should anyone desire to build @
machine for more general tests.

road surface chosen to be the test surface is fundamental’in this experimeg
issed as a separate section as in the case of the laboratory test machine. H
hce frictional characteristics should be defined within/tiie context of the friction
ways. Further, the question of the change in the frictional characteristics with t
irance) should be investigated. These are subjects, which should be resol
arch prior to the next 5-year renewal of this doctiment.

ILITY SYSTEM
system shall be capable of moving-the loading and positioning system over the
bd specified by the test engineer.. (An ideal mobility system would permit speeds
h (6 and 75 mph). Test speed.affects tire force and moment data (SAE 760029)
le to specify test speed-as-realistically as possible consistent with the tes

DING AND POSITIONING\SYSTEM

positioning the\tire with respect to the road and loads it against the road su

5.2.2.1

e_leading and positioning system shall accommodate tire-wheel-assemblies wi
d-widths required by users. An ideal system would accommodate rims from

nt. It is not
bwever, test
spectrum of
me (surface
ved through

test road at
between 10

Therefore,
t machine’s

rface at the

s specified‘in-Section 9, Test Procedure. The system shall accommodate the tir¢ sizes to be

a)

h diameters
6.00X15 to

20.00X24.5 allowing testing of tires between 800 mm to 1350 mm (31.5 in to 55.0 in) in outside
diameter with section widths up to 635 mm (25.0 in).

5222

The loading mechanism shall be able to exert the normal forces required by the Test

Procedure, Section 9, for the tire sizes to be tested. An ideal loading system would be able to
exert normal force magnitudes of up to 140 kN (31 500 Ib).

5223

The positioning system and its supporting structure shall, as a minimum, permit incremental

setting of slip angles from —7 degrees to +7 degrees. An ideal slip angle setting system would
be able to continuously set slip angles from —15 degrees to +15 degrees at a minimum.
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5224

If inclination angle setting capability is provided, the positioning system and its supporting

structure shall as a minimum permit incremental setting of inclination angles from -5 degrees

to

+5 degrees.

inclination angles from —10 degrees to +10 degrees.

5.2.3

MEASURING SYSTEM

An ideal inclination angle setting system would be able to continuously set

The measuring system shall be capable of measuring at least these data: aligning moment (M,), lateral
force (Fy), normal force, (F,), test speed (S), and slip angle (o). The individual results for all channels
f f f 7 Calibration,

shall be cor
provides a n
moments.

The ideal m
temperature
(p), lateral f
(M), test sp,
(Ty). Thein
a matrix me

Interactions shall be

capable of measuring three forces and three moments.

5231 T

fof the test tire in question when tested according to Section 9, Test Procedy
provides a set of ranges consistent with ‘the ideal capacities for loading and
syistems expressed in this document. Aniideal machine would have the ability 1

e range of measurement for each individual channel must include the expected

the measurements for which system ranges are provided in Table 3.

5232
T

The measurement accuracy for each channel shall be equal to or better than that li

ble 6.

TABLE 6 - OVER-THE-ROAD MACHINE MEASURING
SYSTEM ACCURACIES

Measurement
Aligning Moment
Ambient Temperature®
Inclination Angle®
Inflation Pressure®
Lateral Force
Loaded Radius®
Longitudinal Force®

Accuracy’
+1.0% of Full Scale
+0.5 °C (1.0 °F)
+0.05 degree
+3.5 kPa (+0.50 psi)
+1.0% of Full Scale
+1.0 mm (+0.040 in)
+1.0% of Full Scale

nhatrix correction example for an ideal machine capable of measuring three forc]as and three

basuring system should be capable of measuring these data: aligning moment (
(T,), inclination angle (y), (if the positioning system permits tire inelination), inflat
prce (F)), loaded radius (R,), longitudinal force (F,), normal foree”(F,), overturn
ced (S), slip angle (o), spin angular velocity about the wheelspindle (®), and s
Hividual results for all channels shall be corrected for tare.
thod. Section 6, Calibration, provides a matrix correction example for an id

M,), ambient
on pressure
ing moment
indle torque
corrected by
bal machine

result range
re. Table 3
positioning
perform all

sted in

+1.0% of Full Scale
+1.0% of Full Scale

Normal Force
Overturning Moment?

Slip Angle +0.05 degree
Spin Angular Velocity +5 rpm
Spindle Torque® +1.0% of Full Scale
Test Speed +0.5% of Full Scale

% This measurement is recommended for an ideal machine, but is not
required for this test.

° This applies to a single sample with loading of only the measurement
channel being examined.

5.2.3.3 The A/D converters used must have a 12 bit or greater resolution.
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6. Calibration

6.1 Transducer Calibration

Calibrate all transducers according to a standard written procedure specific to the test machine being
calibrated. This procedure shall exercise the components of the measuring system, Table 3, over
substantially the full measurement range possible on the test machine being calibrated. This procedure
shall allow statistically valid examination of the calibration results.

6.1.1

CAL

Calibration
attachmentsg

photographg.

6.1.2 CAL

Standard re¢ference load cells, dead weights, pressure transducers ’or gauges, hei

thermomete
Institute of §
the calibratig

is conducted.

6.1.2.1 R

m
pH
6.1.2.2
fit
on

6.1.2.3
if

6.1.3 CAL

NOTE—Thsg

DELIRES
\Tin =)

fixtures are specific to the test machine being calibrated. The design’ g
of the fixtures shall be documented in writing supported by necessary ¢

BRATION REFERENCE STANDARDS

nd physical
rawing and

s, speed sensors, and fundamental angle references shall be traceable to
btandards and Technology (NIST). There shall be current valid calibration certi
n reference standards used on file within the testingaboratory’s files at the time

pference load cells used for calibrationxof the force and moment compon

pcedure using Class F weights.

The height gauge used for calibrating the loaded radius transducers in Tables 3

ed, shall be accurate to +0.025 mm (+0.0010 in) over the range of loaded radii
the test machine.

Angle references usedsfor calibrating slip angle transducers and inclination angle

itted, shall have angular accuracies of +0.01 degree or better.
BRATION PROCEDURE

basic eoncept is presented here. However, the example matrices for load cell

ht gauges,

Ihe National

cates for all
a calibration

ents of the

pasuring systems specified in Table 3.shall be calibrated according to a ¢ead weight

4, and 6, if
measurable

transducers,

interactions

are precisely applicable only to a three force and three moment system.

6.1.3.1 Simutated—tire—forces—and—moments—shattbe—apptied—to—the—measuoring—systerh force and
moment measuring components using fixtures involving reference load cells or optional
deadweights traceable to NIST. Equation 1 represents the calibration process. The component
gains, Table 7, and the inverse of the associated interaction matrix, C', are developed.
Inversion of C" yields the interaction matrix, C, Table 8. Equation 2 shows the practical use of
the matrix. Table 9 gives the units for the components of the interaction matrix.

=C'F

F (Eq. 1)

(Eq. 2)

SEN CAL

F,., = CF

ACT SEN
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6.1.3.2

6.1.3.3

6.1.3.4

6.1.3.5

6.1.3.6

TABLE 7 — UNITS OF FORCE AND MOMENT GAINS

Gain* Gain*
Type of Measurement Sl Units USC Units
Force NSEN/NCAL IbSEN/IbCAL
Moment N-Mge/N-Mey ft-Ibge/fg-Ibes,

* Offsets are handled through tare readings.

TABLE 8 — LAYOUT OF INTERACTION MATRIX C
SENSEB—SENSED—SENSED—SENSED—SENSEB—SENSED——

ACTUAL F, F, F, M, T, M,
F, C, C., C,, C., C., C.
F, C, C., C,, C., C,, B
F, c, C,, C,, C., C,, .
M, C., C., C., C., C., C.
T, c, C,, C,, C., C.. C.
M c c c c S c

51 53

N

TABLE 9 — UNITS FOR INTERACTION MATRIX TERMS

Units Units
Sl uscC Matrix Terms Matrix Terms Matrix Terms
CH C12 C13
NACT/NSEN CEI 022 C23
C31 C32 Czs
N'mACT/NSEN ft-IbACT/IbSEN C4| C4z C43
CSI CS2 CSS
C6| CGZ 063
CM C15 C16
NACT/N Mgy leCT/ft'leEN 024 Czs Cze
C34 C35 C36
N-m,./N-mgg, ftlb . /ft-1bgey C.. C, C.
054 CSS CSG
CG4 C65 CGG

The pressure measuring system shall be calibrated using a hydrostatic calibrator o determine
itd gain,kPa.,/kKPa., (PSi.,/PSi.,), and offset, kPa (psi).

—

The Toaded radius measuring system shall be calbrated using a heignt gauge to determine its

gain, mmg,/mmy,, (ing,/in., ), and offset, mm (in).

SEN SEN

The slip angle measuring system shall be calibrated using an appropriate angle reference to
determine its gain, degrees /degrees,, and offset, degrees.

The inclination angle measuring system, if fitted, shall be calibrated using an appropriate angle
reference to determine its gain, degrees,./degrees_, and offset, degrees.

The test speed sensing system shall be calibrated using an appropriate reference to determine
its gain, km/hg/km/h,, (mphg,/mph., ) and offset, km/h (mph).

SEN

-10 -
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6.1.3.7 The individual, non-interacting, gains and offsets are used as illustrated in Equation 3. Where
possible, the use of a tare procedure to suppress the offset is desirable as offsets are often not
stable over long periods of time.

where:

ACTUAL = (1/M) « SENSED — (B/M)

ACTUAL is the real magnitude of the variable.

(Ea. 3)

Bis th

M is th

SENS

e offset.
e gain measured in calibration.

ED is the magnitude of the variable, which the transducer measures:

6.2 Frequency of Calibration

The test mal
machine ind
6.2.1 CAL
Should rout
reveal an af
resolve the

continues.
recalibration

Chine shall be calibrated at least once a year or more often should experience w
cate that more frequent calibrations are warranted.

BRATION TO RESOLVE A PROBLEM

ne operational checks conducted in accordance with Section 7, Preparation o
parent problem with some component of-the measuring system and routine pra
broblem, that portion of the measuring.system in question shall be recalibrated b
If the problem is a force and~moment measurement problem indicating
. the entire force and moment measuring system must be recalibrated.

6.3 Maintpnance of Calibration Records

The gains, ¢
observations
calibration n
usable in ag
system drift.

7.

ffsets, and calibration-matrix elements shall be kept as a permanent record alq
on measuringsystem performance made during calibration. The gains,

natrix elements,shall be plotted as a function of time so as to develop a stati

sessing the~significance of small random changes in calibration or in detectin

Preparation.of Apparatus

th a specific

Apparatus,
tices do not
efore testing
a need for

ng with any
pffsets, and
stical record
) measuring

71

Purpose

Preparation of apparatus is intended to insure that: (a) test equipment meets its calibration during a test
program and from test program-to-test program and (b) the road or roadway surface exhibits an
approximately stationary friction level during the test program and from test program-to-test program.
The precise method of preparing the apparatus used at each site must be contained within the written
procedures of an individual test site.
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7.2 Measuring System Before the Start of a Test Program

Before the start of a test program, the following non-interacting transducer gain check procedure and a
force platform, single point pull, or control tire check of the force measuring system shall be conducted. A
full calibration of the measuring system performed before the start of a test program may be substituted
for the procedures detailed under this heading.

7.21

NON-INTERACTING TRANSDUCER GAIN CHECKS

erify that they are still in calibration.

way to insur
facility as a

Non

NOTE—Ths¢g
satig
reqy

@dure on file within the records of the testing company or agency. The'method m

e that the check method is itself valid. The results of the checks shall be retaine
permanent time-sequenced record.

HInteracting Transducers to Check:

Ambient Temperature®
Inclination Angle®
Inflation Pressure’
Loaded Radius’

Slip Angle

Spin Angular Velocity
Test Speed

remainder of this section lists,@ number of examples of what might be dg
factory load cell performancel~ None of the example methods represents
irement applying to any specific laboratory. However, each specific laboratory i

A

[«

site, shall be
A transducer

or more), it
j shall be a
st specify a
0 by the test

ne to verify
procedural
5 required to

have in use its own written proeedure which will verify that load cell performance is satisfactory at

the

7.2.2 FOR
A tire typica
platform at t
gain for the
force- meas

putset of a test program.

CE PLATFORM’ CHEGK OF FORCE MEASURING SYSTEM

he tire’sated normal force capacity for maximum rated inflation. This will allow g
force’measuring system. With F,.,.., applied and both F, and M, initially set

in size of the-tires to be tested in the test program shall be statically loaded onto the force

check of F,
to zero, the

Liring-platform shall be exercised through a displacement which will induce F, v

50% to 509

lues from —

ofthe magnitude of F....... This checks F, gain. With F, set to zero and F, ¥ F,. ..., the

These data need not be sampled simultaneously with the basic data specified in this procedure. However, good practice

demands minimally that this measurement be made at the beginning and end of a test and an appropriate value entered within
the data set so that the user knows the tire operational state. For example, in the non-sampled case, the header information in
the data file would contain values for Ambient Temperature and Inflation Pressure typical of the conditions existing at the time of

the test.

This measurement is not used in this document. It would only be checked in the case of a machine with this transducer
In the case of this practice, it is only necessary that the force and moment measuring platform allow checking of Fy, Fz, and M.

However, if the machine is a generalized (ideal) machine, the platform and/or other equipment should allow verification testing of
all forces and moments.
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footprint shall be twisted sufficiently to induce M, data over the range of +0.015 m-F,_,..,, where F,_,.., is
expressed in Newtons. This checks M, gain. If a channel of the force-measuring system is no longer in
calibration (the check result is deviant by twice the expected system accuracy or more), the system shall
be repaired and re-calibrated prior to the start of testing. The precise check method shall be a written
procedure on file within the records of the testing company or agency. The method must specify a way to
insure that the force platform has itself been calibrated. The results of the checks shall be retained by the
test facility as a permanent time-sequenced record.

7.2.2.1 A force-measuring platform shall be capable of supporting the entire check tire footprint under
ngrmeal—ferces—up—te—atdleast—5%—otthe—medmum—meagnitude—measurable—by the force-
mpasuring system and be capable of applying at least +75% the force-measSunng systems
cgpacity for F,, and M,. Friction elements, such as bearings, shall not be interpoged between
the moving stage and the tire footprint. It shall have a verifiable andctraceable calibration
history.

7.2.3  SINGLE POINT PuLL CHECK

A special spindle tip with cable system set at an angle plus offset to~the machine axis sy

known weig
of the knowr

7.2.4 CON

A control tir
following pr
Appendix A,
a control tire

7.2.4.1
at

The control tire shall be tested @an'a rim which is typical for general application of th

nt may be substituted as a force and moment source in Place of a force platform.
weight permits a quick check of system response.

TROL TIRE CHECK OF FORCE-MEASURING SYSTEM
b typical in size to the tires to be tested in<the test program shall be tested acc
bcedure. Control tire selection and pre-testing (SOW 1.2.1 Final Report) is

Control Tire Selection, Pre-Testing, Storage, and Data analysis. It is good prac
mounted on a single rim during its-use as a control.

an inflation regulated to thie maximum rated for the control tire specification used

!

stem and a
Application

rding to the
iscussed in
tice to leave

e control tire

7.2.4.2 Ptior to the control testithe tire shall be conditioned as indicated in Table 10.

TABLE 10 — CONTROL TIRE CONDITIONING FOR FORCE-
MEASURING SYSTEM CHECK

Time Speed Speed F, F, o Y
min. km/h mph N Ib degrees  degrees
5 16 10 Rated Rated 0 0
7.2.4.3 Testinhe conirol tire as indicated in Table T7.
TABLE 11 - CONTROL TIRE TEST FOR FORCE
MEASURING SYSTEM CHECK
Speed Speed Y F, F, o o o o o o o
km/h mph degrees N b degrees degrees degrees degrees degrees degrees degrees
16 10 0 Rated Rated 0 0.5 1 -0.5 -1 —4 —4
7.2.4.4 Data analysis shall begin with correction of the F (o) and M, (o) data for any F, error using

Equations 4 and 5. Fit the F, corrected F (o) and M,(o) data at 0.0°, 0.5°, 1.0°, —0.5°, and —
1.0° with regression lines. Compute the Aligning Stiffness, Cornering Stiffness, F,(0°), and
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M,(0°).

The F, corrected F (o) and M,(o) data at —4.0° and 4.0° shall be mirrored using

Equations 6 and 7. Aligning Stiffness, Cornering Stiffness, F,(0°), M,(0°), F,,,(4°) and M,,,(4°
degrees) shall be plotted on control charts showing lines for the mean value and + 2.5 o,
standard deviations, from the mean based on the data from control tire pretesting. If the values
of Aligning Stiffness, Cornering Stiffness, F,(0°), M,(0°), F,,,(4°), and M,,,(4° degrees) lie within
+2.5 oband, as determined in the control tire pretesting, the force-measuring system is
assumed to be in calibration. If any of the values lie outside of 2.5 ¢ band, repeat the control
tire check. If the check is again failed, repair and re-calibrate the force measuring system.’

FY@Haled = (FZHaled/FZMeasured) i FYMeasured (Eq 4)
MZ@Rated = (FZRated/FZMeasured) ® MZMeasured (Eq 5)

F,.(4°) = 0.5 o [F (-4°) +F,(4°)] (Eq. 6)
M_,(4°) = 0.5 ¢ [M,(-4°) +M,(4°)] (Eq.7)

7.3 Roadway Friction Before the Start of a Test Program

Before the start of a test program, a check of roadway surface friction shall be conducted.

NOTE—Thdg remainder of this section is an example of what\might be done to verify satisfactory roadway
surface friction. The example method requires-the presence of torque capability| on the test
maghine and could not be run by a facility, without torque capability. It is not 4 procedural
reqyirement applying to any laboratory. However, each specific laboratory is requirgd to have in
use|its own written procedure which willwverify that roadway surface friction is satisfactory at the

outs

Developmer
only free-ro

et of a test program.

t of a valid method of tracking roadway surface friction applicable to any machin
ling testing should be pursued through research prior to the next 5-year ren

document. It is possible, based on'work to date, that the level of M,(4°) might be a valid indic

7.3.1 CoN
A control tir
following pr
Appendix A

[TROL TIRE CHECK\OF ROADWAY SURFACE FRICTION

b typical ip-size to the tires to be tested in the test program shall be tested acc
bcedure.\~€ontrol tire selection and pre-testing (SOW 1.2.1 Final Report) is
Control Tire Selection, Pre-Testing, Storage, and Data Analysis.

7.3.1.1

!

e capable of
ewal of this
htor.

rding to the
iscussed in

T ire shallt i which is tunical ¢ cation of

e control tire

at an inflation regulated to the maximum rated for the control tire specification used.

7.3.1.2  Prior to the roadway surface friction control test, the tire shall be conditioned as indicated in
Table 12.

® The Aligning and Cornering Stiffness will very slowly increase with time due to tire aging. If a control tire is used for a very long
time this effect can become significant (SAE 810066).
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7.3.1.3

7.3.1.4

7.3.1.5

7.3.1.6

until an

TABLE 12 — CONTROL TIRE CONDITIONING
FOR SURFACE FRICTION CHECK

Time Speed Speed F, F, o v
min.  km/h mph N Ib  degrees degrees
15 48 30 Rated Rated 0 0

Test the control tire as indicated in Table 13.

[ TABLE 13— CONTROL TIRE TEST FOR SURFACE FRICTION CHECK ™,

Speed Speed o Y F, F, Slip Ratio Slip Ratio  Slip Ratio
km/h mph degrees degrees N Ib Start, % End, % Rate, %/s
48 30 0 0 Rated Rated 0 -80 =80

Data analysis shall begin with correction of the F,(SR) data corrected for any F,
Equation 8. The F SR) shall be plotted versus the reference-value of F,(SR) fq
tire used.

XCORR(

F Fed F

= [ ]
XCORR ( ZRated ZMeasured) Xmeasured

Testing may begin if the regression line slope of Fyy.-(SR) versus F,..(SR) is b
and 1.05 and there is no appreciable nonlinearity {(see Figures 5 and 6, A Straight-
Tegst for Heavy-Duty Truck tires: SAE CRP-11). In this case, the surface
agproximately stationary friction level and there is a reasonable probability that su
will not lead to results divergent from preyious results on the same surface.

Testing may not begin if the regression line slope of F,_..(SR) versus F,..(SR) is
0.p5 and 1.05 and/or there is appreciable nonlinearity (see Figures 5 and 6, A

Braking Test for Heavy-Duty-Truck Tires: SAE CRP-11). In this case, the surfag
ngn-stationary friction level“and there is a reasonable probability that sur
differences will lead to ‘results divergent from previous results on the same si
following actions shall'be taken:

errors using
r the control

(Eq. 8)

btween 0.95
| ine Braking
exhibits an
rface friction

hot between
Btraight-Line
e exhibits a
ace friction
rface. The

nal abrasive
b break-in in
b verify that

a. On an indoor machine,\the surface shall be replaced with a duplicate sample of the orig
surface which shall‘be 'broken in according to the standard written procedure for surfac
use at the test facility in question. Then, the procedure of 7.3.1 shall be repeated t
surface friction/is now properly bounded.

b. For tests run~outdoors, other locations on the test surface shall be tried using the met

hod of 7.3.1

area with friction similar to the original friction is found. Should this prove impossible, the

friction achieved shall be documented by a graph of the type discussed in 7.3.1.4 and through
preservation of the data as a computer file. Testing may resume under the warning that the results
obtained may not be usefully comparable to previous results.
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7.4 Measuring System Check During a Test Program

At the beginning of each operating day the measuring system shall be checked to insure that the system
has not deviated from its calibration. This check may be done by repeating 7.2 or by a standard daily
check routine which shall be a written procedure on file within the records of the testing company or
agency and which has been shown to yield a valid daily check of the particular measuring system being

used.

The results of each daily check shall be retained by the test facility as a permanent time

sequenced record. Should the measuring system not pass a daily check, it is mandatory that the system
be repaired and subjected to a check by the method of 7.2 or to a full calibration which ever is more

appropriate.

7.5 Roadway Friction Test During a Test Program

The roadwa
1. Each tin
replacer
If the s\
the surfd
Daily if
surface

2.
3.
4,
5. The test
The results
Should the s
7.3.1.6 beco
7.5.1 Dod
Documenteq
5% or less

based shall
usable life a
7.6 Meas

7.2 shall be

friction check of 7.3 shall be repeated:

he an indoor facility must replace its roadway surface due to ia failure which
nent of the roadway surface,

rface has reached the end of its documented usable life and the intent is to co
ce,

an indoor facility has no documented usable life jnformation within its files o
peyond its documented usable life,

Each timpe a test track is subject to unusual weather events,

or
track surface has been disused for a substantial time period, two weeks or more

of each check shall be retained by the’test facility as a permanent time-seque
urface friction check reveal that requirements of 7.3.1.5 are not met then the req
me mandatory before testing can‘resume.
UMENTED USABLE LIFE

usable life is the usage life for which it has been experimentally established th

hange in friction,coefficient. The data and analysis on which the documented
be part of the permanent written records of the testing facility using a particular

iring System at the End of a Test Program

hecessitates
htinue using

r is using a

hced record.
Lirements of

at there is a
Isable life is
documented

ong with test,time and severity tracking to establish usable life of artificial roadwaly surfaces.

repeated as written at the end of testing.

7.7 Roadway Friction at the End of a Test Program

7.3 shall be

repeated as written at the end of testing.

7.8 Reporting of Apparatus and Surface Status During a Test Program

If the system and roadway friction remain controlled throughout the test program, a statement certifying

control is th

e only required report on control. Should a loss of control occur, the testing

company or

agency shall issue a summary report of the problems and an estimation of the effect of the problems on
use of the data.
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It is advised that any deviation from control be promptly brought to the attention of the test purchaser
rather than to wait for the formal report before informing the customer.

8.

8.1

Selection and Preparation of Test Tires

Selecting Tire for Good Comparability

The purpose of the test must be carefully borne in mind when selecting test tires since tire properties

depend on numerous factors besides the tire deS|gn and materlals

account for

complex qug

recommend
design or m
been storeq
exercise his
8.2 Inflati
The inflatior
be pre-spec
allows deter
tire inflation
operating tg
inflated to th
8.2.1 TIRE
Mount an e
specified ri
the valve.

1910.177).

822 TES

Run the tire
for the targe
pressure in
during the ti

on Pressure

I'IIBI.

ounting and demounting Shall be done in accordance with the practices specifi¢d in (OSHA

It is especially importan

S0

ptions can only be made for the case in which different tires are to be compa
aterials effects. In this case, all test tires should be of approximatelycthe sam

under essentially the identical conditions, have experienced approximatel
ory, and have been sampled from production lots with similar statistical'characte

pressure used in the test is a regulated inflation pressure. The test inflation p
fied by the test requester. In the absence of such a-specification, the method o

may be tire specification dependent as individual tire specifications may exh
mperatures and, therefore, different operating inflation pressures in spite of
e same cold inflation pressure prior to operation.

PREPARATION FOR DETERMINING TEST.INFLATION

perimental tire for the specification to be tested on the tire and rim standards
Inflate the tire to the target’cold inflation pressure specified by the test reque

The rim used shall meet or exceed OE specifications.

[ INFLATION DETERMINATION EXPERIMENT

at inclinatiomangle (y) = 0 degree slip angle (o) = 0 degree, normal force (F,) = -
t cold inflation), and test speed (S) for 1 h. At the end of 1 h, stop the test and
the test-tire. The pressure measured is the test inflation pressure (p), which
e conditioning and test.

mination of a realistic tire inflation pressure for use in the force and moment test.

t to properly
fo the many

age, have
the same
istics.

fessure may
this section

Operating
ibit different
having been

organization
ster and cap

Rated Load
measure the
will be used

8.2.3 Cowm

MENT ON EXPERIMENTAL EFFICTENTY

The test inflation determination experiment corresponds to the first step of pre-test conditioning.
Therefore, if the tester proceeds immediately with testing of the tire used in the inflation determination
experiment, there is little extra cost associated with this step.

8.3 Pre-Test Conditioning

The purpose of this step is to raise the tire to the operating temperature associated with use at the test
speed (S) and to lightly scuff the tread in a way representative of a few miles of Interstate Highway travel.
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8.3.1

TIRE PREPARATION

Mount the test tire on the tire and rim standards organization specified rim. Mounting and demounting
shall be done in accordance with the practices specified in (OSHA 1910.177). The rim used shall meet or
exceed OE specifications. Inflate the test tire to the test inflation pressure (p) using a pressure regulator.

8.3.2 CoN

DITIONING

Condition the test tire in accordance with the operating sequence in Table 14.

8.4 Ambignt Temperature Limits

During pre-
(81 °F) so

(SAE 77087D).

8.5 Sample Size

The precise
specification
the testing

s at a stated level of accuracy depends on the variance of the tire samples ch

TABLE 14 — TIRE CONDITIONING SEQUENCE

Distance Speed Load, Pressure o Y
Kilometers (mile) km/h (mph) % Rated psi degrees  degrees
SX1h S 100 P 0 0
0.80 (0.5) S 100 P 1 0
0.80 (0.5) S 100 P —1 0

st conditioning, the ambient temperature, T,, shall be{between 15 °C (59 °F
s to limit temperature induced variance in the)lateral force results to H

sample size to test in order to_detérmine F, and M, differences betwe

ariability of the test machine used>) Consequently, the procedure referenced in

and 27 °C
1% or less

en two tire
bsen and on
he following

paragraphs mmay not be completely accurate.in every case. However, the method can be cpnsidered to
be useful as|a first approximation.

8.5.1  EST|MATING SAMPLE SIZE

Using either|the CALSPAN of UMTRI test machine and assuming a test sample variance identical to that
in the samples used in compiling SAE CRP-11, an estimate of test sample size can be|made (see,
Figures C/U1.2.1-1 and-'C/U1.2.1-2, Recommended Test Sample Sizes (SOW 1.5) and The
CALSPAN/UMTRI Comparison (SOW 3.0), SAE CRP-11).

9. Test Procedure

9.1 The Test

Without stopping at the end of conditioning, test according to the sequence in Table 15. The sequence is
to set the first normal force, do the slip angles in order, set the second normal force, do the slip angles in
order, etc. until Table 15 has been completed.
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TABLE 15 - THE FREE-ROLLING CORNERING TEST
v=0° P IS AS DETERMINED IN 8.2; S IS AT THE ENGINEERING USER’S CHOICE.

F,, o, o, o, o, o, o, o, o, o,
% Rated Load  deg deg deg deg deg deg deg deg deg

-25 0 1 -1 -2 2 4 -4 -6 6

=50 0 1 -1 -2 2 4 -4 -6 6

-75 0 1 -1 -2 2 4 -4 -6 6
-100 0 1 -1 -2 2 4 -4 -6 6
-125 0 1 -1 -2 2 4 —4 —6 6
150 0 1 -1 -2 2 4 -4 -6 6
200 0 1 -1 -2 2 4 -4 -6 6

9.2 Ambignt Temperature Limits

During the test, the ambient temperature, T,, shall be between 15 °C (59 °F)-and-27 °C (81|°F) so as to
limit temperature induced variance in the lateral force results to +1% or less,(SAE 7700870).

9.3 Test $peed

The choice [of test speed should reflect the intended use of the ‘model and the capabilitiep of the test
machine beiphg used. S is constant throughout the test.

9.4 Extenfsion

Should ther¢ be a desire to use this test in modelingthe combined cornering and braking Hehavior of a
tire (SAE 960180), the test developed in this document must be extended to higher slip angles (SAE
960180). If the test is extended, any lateralcforce or aligning moment comparisons prodquced in the
background|work underlying this document are not to be extrapolated (SAE CRP-11).

NOTE—Thdre are two possible modifications to the procedure which should be examined through
resgarch prior to the next«5-year renewal of this document: a high-to-low (F,) seqlience and a
swept slip angle test in place of the current incremental slip angle test.

10. Data Processing and Presentation

10.1 Data fo Acquire

The data to acquire at a minimum are: F,, F,, M,, and a. Should the machine have tTe capability
acquire: F,, F,F,M,, M,p,R, ®, S, T,, T, ccand y.

10.2 Data Acquisition Rates and Filtering

Each reported data value shall be the average of data sampled 32 times per revolution over two
revolutions so that tire uniformity variations are suppressed. Two revolutions should occur after load and
slip angle setting prior to data acquisition to insure that relaxation effects are not part of the data.

10.3 Tire Axis System

All data shall be reported using the SAE Tire and Axis System (SAE J670e).
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10.4 Data Correction or Adjustment

If modest normal force (F,) errors exist, the F, and M, data may be corrected by use of Equations 9 and
10. Correction for slip angle errors is not considered. Depending on the tire modeling software used,
neither correction may be necessary.

F IF

= °
Y @target (FZtarge! ZMeasured) YMeasured

M /F

= [ ]
Z@target ( FZtarget ZMeasured) Zmeasured

(Ea. 9)

(Eq. 10)

10.5 Datal

The operatin
of transmitta

The data filg
the laborato

NOTE—The
requ

The data filg
by an ASCI

10). Multiple entries are assumed delimited by a space(ASCII decimal character 32).

Numbers ar
a decimal pq

An example
force and m

In the exam
asterisks (*)
and transm
immediately
document.

10.6 Recol

File Format

g system used to format any media used to transmit data files must be(specifieg
| accompanying data files.

s shall be ASCII files whose character must be spelled out within“the written p
'y providing the data.

remainder of this section provides an example of‘what might be done a
irement of this document.

s shall be ASCII files with the following suggestedicharacteristics. Lines are to b
carriage return (decimal character 13) and an ASCII line feed character (decin
b to be represented in ASCII decimal notation using a period (ASCII decimal cha

int. No commas or exponents are-present in numbers.

of the suggested file format.follows. This format is a general format for transm
bment data and is not specific to free-rolling cornering data.

ple (following Sectjon:11), exclamation Points (!) denote comment lines. Lineg
t information fer.the use of modeling programs. The number or numbers

are the values-applicable to the variable signified by the keyword for the test spe

d Keeping and Retention

in the letter

ocedures of

hd is not a

b terminated
al character

acter 46) as

ssion of tire

initiated by

denote terminators-for file sections. Alphabetical lines of the form XXX_YYY afe keywords

which follow
cified in this

Data files a

€ 10 be retained on magnetic media In the Tormat speciiied In this document 10

r a period of

time mutually agreed on between the testing organization and the customer. At the end of this reserve
period, the testing agency may erase overage data files without further notification to the customer.
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11.

Data Repeatability and Reproducibility

11.1 Restrictions on the Available Data

The available data (SAE CRP-11) do not strictly represent either repeatability or reproducibility, but rather
represent a combination of machine testing and tire-to-tire variance for different samples of a single tire
specification tested at two sites (CALSPAN and UMTRI) at a single time at each site. However, the data
should give a picture of variances that is useful for production of the sample size estimation referenced in

8.5.1.

EXA
Within the B

| FILE DATA:

I TEST NUM
I TIRE MAN
I TIRE NAM
I TIRE SIZE
I RIM SIZE:
I INFLATION
I AMBIENT
I RATED N(
| TEST SPE
e HEADI

ANGLE[

DEGRE
RADIAN
ISI=IN
L'IN SI -

I'IN USQ

UNIT_C
usC

MPLE
xample comments are in italics.
mm/dd/yy
BER: An Alphanumeric Combination
UJFACTURER: A Descriptive Label
= A Descriptive Label
An Alphanumeric Combination
An Alphanumeric Combination
| PRESSURE: P, An Alphanumeric Combination (Example: 125.0 psi)
FTEMPERATURE: Ta, An Alphanumeric Combination (Example: 75 °F)
RMAL FORCE: (Rated Load)
FD: S, An Alphanumeric Combindtion (Example: 55.0 mph)
NG TERMINATOR

CHOICE
ES (Degrees are it fornnow, but allowing for the keyword allows a generalizatic
S.)

TERNATIONAL SY,STEM, USC - ENGLISH: SIGNIFIES UNITS IN DATA
FORCE: N; MOMENTS: N-m; PRESSURE: kPa; LENGTH: mm

- FORCE:{lb; MOMENTS: ft-lbs; PRESSURE: psi; LENGTH: in
HOICE

I SLIP R

ATIO IS UNITLESS AND EXPRESSED AS A DECIMAL FRACTION.

T AAANZIR AL IR A AR AALAMIAALIR A O I MNATIAN A /== AL T

I GIVES

DA A
I'TTE IVIAATIVIUIVI I"\I‘lLJ IVITINTIVIUIVI OLIT” MATIUO VUVLENLCU TIN TTTE UDATA.

SLIP_RATIO
0.00, 0.00 (Free-rolling test.)

I MINIMUM AND MAXIMUM SLIP ANGLE IN THE DATA.
SLIP_ANGLE_RANGE

-6.0, 6.0

(In over-the-road tests, the actual results may lie a bit outside the target range.)

I MINIMUM AND MAXIMUM INCLINATION ANGLE IN THE DATA.
INCINATION_ANGLE_RANGE
0.0,0.0 (Inclination is not considered in this test.)

n to include
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