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THE MEASUREMENT OF PASSENGER AND LIGHT TRUCK ROLLING RESISTANCE

1. INTRODUCTION: This Information Report is a companion document ‘to SAE
Recommgnded Practice, J1269, "Rolling Resistance MeasurementcProce
Passender Car and Light Truck Tires." It provides background information and
explandtions related to the use of the Measurement Procedure and folllows the
same fqrmat as SAE J1269.

2. SCOPE:

2.1 Basic |Methods: The force, torque, and power methods of measureme
@ commor| use and should yield the same test results. Effects of st
traction, surface texture, and non-steady-~state tire operations a
from tthe Recommended Practice because they are still in the resea

h stage.

2.1.1 Forde Method: The chief advantagetof the force method is that
' pargsitic losses in the measurement are tire spindle bearing lo
aerddynamic losses associated-with rotation of the tire and its
main disadvantage of this method is that the spindle force meas
contain a severe error caused by load misalignment and load-spi
intdraction ("crosstalk!). Elimination or compensation of thes
necgssary. A minor disadvantage is that the loaded radius of t
be neasured in order-to convert spindle force to rolling resist

2.1.2 Tordque Method: ““The torque method has the advantage that the me
dirgct: rolling resistance is the net torque divided by the te
radius. The main disadvantage of the torque method is that par
contlained~in the measurement include rotational test wheel loss
tird spindle losses. Hence, the parasitic losses are larger than those of
the [force method and can be of the same order of magnitude as the rolling
resistance itself. In addition, speed-hunting oscillations in the drive
motor can introduce errors.

SAE Technical 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 1 985 Society of Automotive Engineers, inc. Printed in U.S.A.
All rights reserved.
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2.1.3 Power Method: The advantage of the power method is that no force or
torque transducer is necessary; a voltmeter and an ammeter to measure the

3.

3.1
9

3.2
3.3

3.4

3.5

3.6

3.7

3.8

3.9

ele

Ctrical energy input to the drive system are sufficient. Th

e chief

disadvantage of the power method is that electrical Josses are included in
the measurement in addition to all the other parasitic losses of the

sys
tor
pre
dis

tem. Thus, the parasitic losses are even larger than those
que method. In some laboratories, special control may be ne
vent line voltage fluctuations from creating power surges wh
tort the readings.

DEFIN]
Rol111

TIONS:

ng Resistance: The definition given in the Recommended Prad

appli
defit
unit

Rolli

es only to the free-rolling mode. The universal rolNng reg
ition from which it is derived is "the energy expended by th
distance traveled."

ng Resistance Coefficient:

requi

Loade

No further background informatig
red in this section. '

d Radius: No further background information is required in

secti

Maxin

on.

um Load: The maximum tire load 15 expressed in kilograms (k

pounds (1b), which are units of mass.
thesel units must be converted to Units of force, either to the ne

the

Base |Inflation Pressure: Fopr passenger car tires, base inflation

For use in the Recommended

und-force (1bf).

is deK

infla
1oad

Cappe

ined as maximum inflation pressure. For light truck tires,
ion pressure is defined as that inflation pressure given fo
gt single tire operation. :

d Inflation.Pressure: As the tire with inflation pressure ¢

run u
press
servi

Regul

hder Toad; the rising tire temperature will cause the inflat
ire to _dncrease. Thus, capped inflation pressure reflects a
ce conditions. ' o :

ated Inflation Pressure: Pressure is most commonly requlate

of the
eded to
ich can

tice
istance
e tire per

nis

this

g) or
Practice,
wton (N) or

pressure
base
r maximum

apped is
jon
ctual road

1 by a

const

dnt pressure source attached to the tire through a rotating

union,

Ambient Temperéture: An overall ambient room temperature representing air

temperatures throughout the test room is difficult to define and measure.
Therefore, a location close to the cooler part of the tire/wheel assembly

was s

elected for ambient temperature measurements.

Ambient Reference Temperature: Variations in rolling resistance occur with

chang
is di
accor

Because precise control of room
rred to 24°C (7

es in ambient temperature.
fficult, rolling resistance data must be refe
ding to paragraph 7.4 of J1269. :

temperature
5°F)



https://saenorm.com/api/?name=a5aa765dfb1d567544159b5f7ca5defc

Page 3 ’ SAE. J1270

4.1

4.1.

4.1

4.1

4.2

4.3

TEST EQUIPMENT: An objective of the Recommended Practice is to provide a

test procedure that nearly all test organizations can adopt as standard.
Since the most common equipment is the laboratory test wheel, it serves as a
standard for the procedure. However, most of the provisions of this
Recommended Practice do apply to flat-surface laboratory test apparatus.

Note that results from a laboratory test wheel are usually slightly higher
than corresponding results from a flat surface test machine because of the
greater tire deflection on the curved test wheel surface (see paragraph 8.3).

TEST SUREACE:

1 Test[Wheel Diameter: Most standard laboratory test wheels have 3 diameter
of 11708 m (67.23 in) derived from a circumferential lengthilef 14300 mile.

.2 Width: Most laboratory test wheels have a surface width of at least

0.30[m (12 in).

.3 Textyre: Rolling resistance is affected by road-texture in a mangner still

undef study. The selection of medium-coarseness abrasive-type syrface for
this|test procedure is designed to simulate-results on a dry,
wellimaintained public roadway. Periodic.rénewal of the surfacelis

necegsary because contamination or wearadds variability to the test
resul ts. ’

Test Rims: The test rim selected should represent a rim used as ofiginal
equipment and conform to specifications of the TRA or similar
organizations. Because of the wide variety of rims available for gome tire
sizes,|and because the rim may affect rolling resistance, it is impgortant to
report|test rim width and contour along with the test results. Since rim
runout|may affect rolling (resistance, good quality rims must be usad.

Alignmgnt and Control -Accuracies: The limits given are selected tq minimize
the error of rolling resistance data and thus to aid accurate compdrisons of
differgnt rolling resistance facilities. The 1imits reflect standqrd
deviatjons from-the true value; they do not cover systematic errorsg, which
must be eliminated by careful calibration and proper data processing.

4.3.1 Force Method: Misalignment of the tire load may result in a significant

spindle)force component that could be misinterpreted as rolling
resistance. o eliminate this effect, very low limits for tire load
offsets would be required (on the order of 0.005 deg for angular offset
and 0.02 mm for fore-aft offset). To avoid maintaining impractically low
load offsets, a correction technique for load misalignment must be
developed for facilities employing the force method. The load
misalignment correction technique is frequently combined with the
correction technique for load-spindle force crosstalk (see paragraph 7.2).

4.3.2 Torque Method: The large polar moment of inertia of the test wheel gives

rise to substantial torque variations even if speed variations are very
small. Since these torque variations can be misread as rolling
resistance, they must be filtered out either statistically or
electronically.
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4.3.

4.4

4.4,

4.4,

4.4.

5.

5.1
p

5.2

5.3

3 Power Method: If surface speed cannot be controlled to +0.3 km/h
(0.2 mph), the input electrical power should be averaged over several
complete speed cycles and the average speed used in the rolling resistance
calculation.

INSTRUMENTATION ACCURACY: The values selected reflect common accuracies of
modern equipment. In laboratories where more accurate instruments are
available, better measurement_resolution is encouraged. The specific values
recommended are adequate for a passenger car tire carrying about 5 kN

(110 nce, or a
light truck tire carrying about 10 kN (2200 1bf) of normal load and
prodiicing 100 N (22 1bf) rolling resistance. Better resolution may be

available for tires carrying smaller loads.

1 Force Method: This method requires measurement of spindle forge and
loaded radius. The force measurement must be very-precise; it|requires
careful selection or specification of current-technology equipment.

2 Torque Method: This method requires precise measurement of input torque.
Modern torque cells may require separate over-torque protectiop to insure
the needed resolution.

3 Power Method: This method requires precise measurement of ele¢trical
power and speed. The speed resolution required for this method is higher
than for the other methods because the average speed during the
measurement interval is used in<the calculation of rolling resjstance.

TEST CONDITIONS:

Load|and Inflation Pressure - Standard Test: The capped inflatipn pressure
test|condition (Test Point 1) in combination with the regulated jnflation
pressure test conditions constitute the basis for predicting rol]ling
resistance over a~wide range of operating conditions.

Load|and Inflation Pressure - Alternate Test: The accuracy of the predicted
valugs at varjous loads and inflation pressures is not compromiseéd if the
first testopoint is run at regulated inflation pressure, indicated as Test
Point 1A% The final capped inflation pressure at temperature equilibrium of
Test|Point 1 will usually be close to the regulated inflation préssure at
Test Point TA so that both points will yield very similar rolling resistance
values. Regulated pressure is believed to enhance testing efficiency and to
improve the predictive accuracy of the regression model (see paragraph

8.2). Note, however, that the alternate test does not deliver information
about the pressure rise that would occur under normal road service
conditions.

Test Sequence: Experiments have suggested that steady-state conditions are
achieved more quickly for steps of decreasing rolling resistance. Thus, in
order to shorten the total test and at the same time ensure steady-state
values at all test conditions, testing in the order of decreasing values of
rolling resistance is recommended.
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5.4

5.5

Test Speed: A single speed is recommended, because rolling resistance at
equilibrium (steady-state) is relatively insensitive to speed over the range
from 60-100 km/h (40-60 mph).

Ambient Temperature: The recommended procedure is a compromise of
sufficient accuracy for temperature compensations (see paragraph 7.4) within
the range between 20°C (68°F) and 28°C (82°F). A representative temperature
average is required for each test point. The control of ambient temperature
varies between different laboratories, and various methods may be used to

obtai ining an
average would be to measure the ambient temperature at the beginnjng,
middle, and end of a test point and average the three values.(- Other

averaging techniques may provide similar results. The intedAt here is to
measure an average temperature and not to take an instantdneous teémperature

* readipg. An instantaneous reading may not accurately reflect ambjent

6. TEST PROCEDURE:

conditions because the ambient temperature may change during a test.

6.1
p

6.2

6.3

satis

6.4
6.4.1

BreakrIn: The cool-down perjod of at least 2hr is recommended tx

assure that the tire has reached a uniform.temperature equal to the ambient
temperature. If the tire has undergone other tests prior to the polling
resistance test, break-in may not be negessary.

Thermpl Conditioning: Thermal conditioning is recommended to avojd
inadvertent testing of a tire which has just been removed from hot or cold
storage location. Without such.conditioning, the thermal state of the tire
immedjately before a test could distort the test results and jeopardize
comparison with other tireschaving different thermal histories. The
physi¢cal layout of many test laboratories is such that ambient co
and the logistics of tire storage and preparation satisfy the the
conditioning requirement and hence eliminate the need for any spe¢i
arrangements.

Warm-Up: The duration of the warm-up time required at each set o
conditions depends on the tire itself. The recommended values ha
found| to becgenerally satisfactory. There is evidence that some
require more time. Thus, the warm-up times given in the Recommen
Practjce‘are only a guide. The user of the procedure must ensure
Steady-State value has been achieve

to his own
or each reading.

Measurement and Recording:

Identification: No further background information is required in this
section.

6.4.2 Test Variables: Measured values of Toad, inflation pressure, speed, etc.

must be reported for data analysis purposes.
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6.5

Measu

rement of Parasitic Losses:

6.5.1

6.5.2

7. D

Parasitic losses are caused mostly by

bearing friction, and to a lesser extent by aerodynamic friction and other

sources.
dependent.

Note that bearing friction is both temperature and load

The extent of such dependence should be determined (for

instance, by consulting the bearing manufacturer's specifications) before
relying upon the rather simple skim or machine offset method.

Skim Readings:

During a skim reading, the tire must be kept rolling

without slippage at a tire load at which the energy loss within the tire

its

app
100

par

Mac

1f is practically zero
roximate this condition, most commonly by controlling the lo
-150 N (20-35 1bf). Note that the skim reading does not rep
asitic losses under test load.

hine Offset Reading: A machine offset reading accounts for

par
spi
obt
to
as
rec

ATA R

psitic losses of the unloaded test machine; 10ss€s in the ro
hdle bearings, which carry the tire, are not measured and mu
pined by other means. Therefore, machine offset reading doe
the force method, although the reading could be useful for a
n zero reference. Note again that the effect of tire load i
bgnized.

FDUCTION:

7.1

Net R

padings via Subtraction of Parasitic Readings:

7.1.1

7.1.2

7.2

Ski

n Reading: The skim reading contains the zero-load losses o

app
los
bet

tir

Mac

aratus and the rotating tire and rim. Therefore, unless par
ses are strongly increasing under the test loads, the differ
ween gross and skim(readings approximates the rolling resist

23

= .

nine Offset Reading: The machine offset reading does not co

tir
rot
rol
val
cor

Compe

)

spindle bearing loss and the (rather small) aerodynamic dr
ating tirve and rim. Therefore, its subtraction does not iso
ling resistance of the tire. An additional correction for t

rection should be verified frequently to detect any drift.

ie of sspindle bearing and tire aerodynamic loss must be madel

Yarious methads have been devised to

ad at about
resent the

the

tating

st be

5 not apply
ny method

5 not

f the test
asitic

Bnce

ance of the

htain the
ng of the
late the

he combined
This

nsation Tor Load->pindle rorce Interaction and Load Misalignment:

If

the spindle force method is used, the influence of applied Toad on the

observed spindle force must be determined.
by misalignments or by imprecise machining of the transducer.

Such load effect may be caused
One

satisfactory procedure to compensate for load spindle force interactions is
to measure the equilibrium spindle force of the test tire in both forward

and reverse directions.

It is assumed that for both forward and reverse

directions, (a) all forces remain unchanged in magnitude, (b) parasitic as
well as tire spindle forces do change direction with rotation, whereas the

interaction and misalignment forces do not.

Therefore, the algebraic

average of forward and reverse readings is indicative of the combined

load-spindle force interaction and misalignment error.

An alternate

procedure for determining the load effect on spindie force involves precise

dynamic calibration.

Dynamic calibration involves running a representative
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