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Measurement of Passenger Car, Light Truck, and Highway Truck
and Bus Tire Rolling Resistance

Foreword—This flocument has also changed to comply with the new SAE Technical Standards Board format.
References werg added as Section 2. All other section numbers have changed accordingly-

This informatior] report is a companion document to SAE Recommended Practi¢e) 31269, Rdlling Resistance
Measurement Rrocedure for Passenger Car, Light Truck and Highway Truck‘and Bus Tirg¢s. It provides
background infofmation and explanations related to the use of the Measurement Procedure and follows the same
format as SAE J1269.

1. Scope

1.1 Basic Methpds—The force, torque, and power methods of.measurement are all in common| use and should
yield the saie test results. Effects of steering, traction, surface texture, and non-steady-state tire operations
are excludegl from the recommended practice becausethey are still in the research stage.

1.1.1 Force MgTHoD—The chief advantage of thexforce method is that the only parasiti¢ losses in the
measuremnjent are tire spindle bearing losses and aerodynamic losses associated with rotatipn of the tire and
its wheel. | The main disadvantage of this, method is that the spindle force measured can ¢ontain a severe
error caugsed by load misalignment- . and load-spindle force interaction (“crosstalk”. | Elimination or
compensdtion of these effects is necgessary. A minor disadvantage is that the loaded radiug of the tire must
be measufed in order to convert spindle force to rolling resistance.

1.1.2 TorQUE MeTHOD—The torque-method has the advantage that the measurement is direct: rplling resistance
is the net|torque dividedvby-the test wheel radius. The main disadvantage of the torqu¢ method is that
parasitic Ipsses contained in the measurement include rotational test wheel losses as we]l as tire spindle
losses. Hence, the (parasitic losses are larger than those of the force method and can be of the same order
of magnityde as the rolling resistance itself. In addition, speed-hunting oscillations in the |drive motor can
introduce errors:

1.1.3 POWER METROD—T e advarntage of the power method 15 that 1o force or torque transaucer is necessary; a
voltmeter and an ammeter to measure the electrical energy input to the drive system are sufficient. The
chief disadvantage of the power method is that electrical losses are included in the measurement in addition
to all the other parasitic losses of the system. Thus, the parasitic losses are even larger than those of the
torque method. In some laboratories, special control may be needed to prevent line voltage fluctuations
from creating power surges which can distort the readings.

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.
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https://saenorm.com/api/?name=c5b86c9673564fbae0175160244f8518

SAE J1270 Reaffirmed SEP2000

2.

References

2.1 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

2.1.2

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

SAE PuBLICATION—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J1269—Rolling Resistance Measurement Procedure for Passenger Car, Light Truck, and Highway
Truck and Bus Tires

Schuring and G. L. Hall, “Ambient Temperature Effects on Tire Rolling Loss;*R
Technology, Vol. 54, No. 5, pp. 1113-1123 (1981).
lasaki, Y. Tanida, C. Ikeya, and |. Harada, “Research on Rolling Resistance of
, Japan, Vol. 4, No. 1, p. 43 (1958).

. Clark, “Rolling Resistance Forces In Pneumatic Tires,” DOT/TSC) Report No
uary 1976).

. Luchini, “Test Surface Curvature Reduction Factor For Truck Tire Rolling R
br No. 821264 (1982).

OTHER PUBLICATIONS

1. D.J
and

2. R.N
Lab

3. S. K
(Jan

4. J. R
Pap
Definitions
Rolling Res

The universII rolling resistance definition from which it is derived is defined as the energy exp

per unit dist
Rolling Res
Loaded Rad
Maximum U

mass. For

Base Inflati
pressure. F
load at dual

nce traveled.
istance Coefficient—No further backgfound information is required in this sectio
ius—No further background informyation is required in this section.

oad—The maximum tire [0ad is expressed in kilograms (kg) or pounds (Ib), w

Libber Chemistry
Tires,” J. Mech.
DOT-TSC-76-1

psistance,” SAE

istance—The definition given in the recommended practice applies only to the flee-rolling mode.

bnded by the tire

hich are units of

Ise in the recommended practice, these units must be converted to units of folce, either to the
newton (N) ¢r the pound-force (Ibf)s

bn Pressure—f-or’passenger car tires, base inflation pressure is defined as m
pr light truck-tires, base inflation pressure is defined as that inflation pressure giy
tire operation.

Capped Inflation\Pressure—As the tire with inflation pressure capped is run under loag

temperature

aximum inflation
en for maximum

, the rising tire

will,cause the inflation pressure to increase. Thus, capped inflation pressure ref'ects actual road

service cond

Ttromns:

Regulated Inflation Pressure—Pressure is most commonly regulated by a constant pressure source
attached to the tire through a rotating union.

Ambient Temperature—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 selected for ambient temperature measurements.

Ambient Reference Temperature—Variations

in rolling resistance occur with chang

es in ambient

temperature. Because precise control of room temperature is difficult, rolling resistance data must be referred

to 24 °C (75

°F) according to paragraph 7.4 of SAE J1269.
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4.1

411

4.1.2

4.1.3

4.2

4.3

43.1

4.3.2

4.3.3

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 rolling resistance 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 curve test wheel surface (see 8.3).

Test Surface

TeEST WHEEL DIAMETER—MOost standard laboratory test wheels have a diameter of 1.708 m (67.23 in) derived

from a circumferential length of 1/300 mile.

WIiDTH—Most laboratory test wheels have a surface width of at least 0.30 m (12 in).

TEXTURE—Rolling resistance is affected by road texture in a manner still undercstudy.
medium-cparseness abrasive-type surface for this test procedure is designed to isimulate
well-maintpined public roadway. Periodic renewal of the surface is necessary because
wear addd variability to the test results.

Test Rims—The test rim selected should represent a rim used as~original equipment
specifications of the TRA or similar organizations. Because of the wide variety of rims availg
sizes, and hecause the rim may affect rolling resistance, it is important to report test rim w
along with the test results. Since rim runout may affect rolling resistance, good quality rims m

The selection of
results on a dry,
ontamination or

and conform to
ble for some tire
dth and contour
st be used.

Alignment and Control Accuracies—The limits given are selected to minimize the error of folling resistance

data and thys to aid accurate comparisons of differentalling resistance facilities. The limits

reflect standard

deviations ffom the true value; they do not cover systematic errors, which must be elimipated by careful

calibration aphd proper data processing.

Force METHoD—Misalignment of the tire load may result in a significant spindle force com

onent that could
offsets would be
required (pn the order of 0.005 degree for angular offset and 0.02 mm for fore-aft offset). To avoid
maintaining impractically low load offsets, a correction technique for load misalignment my
for facilitieg employing the forcesmethod. The load misalignment correction technique is freq
with the cg@rrection technique for load-spindle force crosstalk (see 7.2).

st be developed
uently combined

bstantial torque
isread as rolling

per car and light

electrical power

should be averaged over severaI speed cycles and the average speed used in the rolling resistance

calculation.
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4.4
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4.4.2

4.4.3
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5.2

5.3

5.4

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 the following:
TABLE 1—
Typical Rolling
Typical Normal Load Resistance Produced
Passenger Car Tire 5 kn (1100 Ibf) 35 N (8 Ibf)

Light

Highway Truck and Bus Tires

Truck Tire 100 N (22 Ibf)

220 N (50 Ibf)

10 kn (2200 Ibf)
22 kn (5000 Ibf)

FORCE ME
measuren

equipment.

TORQUE M
require se

POWER Mt
resolution
the measu

Test Conditions

Load and In
combination
resistance o

Load and In
inflation pre

Test Point 1
close to the]

resistance v
accuracy of
about the pr

Test Seque

steps of ded
steady-state

recommend

THOD—This method requires measurement of spindle force and loaded(rad
ent must be very precise; it requires careful selection or specificationwof cu

ETHOD—This method requires precise measurement of input torque.~ Modern #
harate over-torque protection to ensure the needed resolution.

EFTHOD—This method requires precise measurement of electrical power and spe
required for this method is higher than for the other methods because the avera
rement interval is used in the calculation of rolling resSistance.

flation Pressure—Standard Test—The capped inflation pressure test condition
with the regulated inflation pressure test conditions constitute the basis for
ver a wide range of operating conditions.

flation Pressure—Alternate Test—The accuracy of the predicted values at va
sures is not compromised _if\the first test point is run at regulated inflation press
A. The final capped inflation pressure at temperature equilibrium of Test Point
regulated inflation pressure at Test Point 1A so that both points will yield ve]
hlues. Regulated pressure is believed to enhance testing efficiency and to impro
he regression model’(see 8.2). Note, however, that the alternate test does not de
bssure rise thatiwould occur under normal road service conditions.

nce—Experiments have suggested that steady-state conditions are achieved
reasing-rolling resistance. Thus, in order to shorten the total test and at the sa
valyes” at all test conditions, testing in the order of decreasing values of rolli
JoR

us. The force
rrent-technology

orque cells may

ed. The speed
ge speed during

(Test Point 1) in
predicting rolling

irious loads and
ire, indicated as
1 will usually be
ry similar rolling
ve the predictive
liver information

more quickly for
|me time ensure
ng resistance is

Test Speed—A single speed is recommended, because rolling resistance at equilibrium (steady-state) is
relatively insensitive to speed over the range from 60 to 100 km/h (40 to 60 mph).
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6.1

6.2

6.3

6.4

6.4.1

6.4.2

6.5

6.5.1

6.5.2

Ambient Temperature—The recommended procedure is a compromise of sufficient accuracy for temperature
compensations (see 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 obtain an average temperature for each point. A
method for obtaining an average would be to measure the ambient temperature at the beginning, middle, and
end of a test point and average the three values. Other averaging techniques may provide similar results. The
intent here is to measure an average temperature and not to take an instantaneous temperature reading. An
instantaneous reading may not accurately reflect ambient conditions because the ambient temperature may
change during a test.

Test Procedure

Break-In—The cool-down period of at least 2 h for passenger car and light truck tires,‘or
highway trugk and bus tires is recommended to assure that the tire has reached a uniform-te
to the ambignt temperature. If the tire has undergone other tests prior to the rolling-tesistan

may not be

Thermal Conditioning—Thermal conditioning is recommended to avoid inadvertent testing o

just been re
immediately
different the
the logistics
the need for

Warm-Up—]

The recommended values have been found to be genérally satisfactory. There is evidencq

ecessary.

moved from hot or cold storage location. Without such conditioning, the thermal
mal histories. The physical layout of many test laboratories is such that ambier
of tire storage and preparation satisfy the thermal cenditioning requirement and
any special arrangements.

The duration of the warm-up time required at gach set of test conditions depends

at least 6 h for
mperature equal
ce test, break-in

a tire which has
state of the tire

before a test could distort the test results and jeopardize comparison with other tires having

t conditions and
hence eliminate

on the tire itself.
that some tires

may require|more time. Thus, the warm-up times given in the recommended practice are only a guide. The
user of the procedure must ensure to his own satisfaction that a steady-state value has been achieved for each
reading.
Measuremgnt and Recording
IDENTIFICATION—NO further background information is required in this section.
TEST VARIABLES—Measured- values of load, inflation pressure, speed, etc., must be rgported for data
analysis.
Measuremegnt of Parasitic Losses—~Parasitic losses are caused mostly by bearing friction| and to a lesser
extent by ag¢rodynamic friction and other sources. Note that bearing friction is both temperature and load
dependent. | The €xtent of such dependence should be determined (for instance, by consujting the bearing
manufacturgr'sS-specifications) before relying upon the rather simple skim or machine offset mgthod.

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 itself is practically zero. Various methods have been devised to approximate
this condition, most commonly by controlling the load at about 100 to 200 N (20 to 50 Ibf) depending on the
type of tire tested. Note that the skim reading does not represent the parasitic losses under test load.

MACHINE OFFSET READING—A machine offset reading accounts for the parasitic losses of the unloaded test
machine; losses in the rotating spindle bearings, which carry the tire, are not measured and must be
obtained by other means. Therefore, machine offset reading does not apply to the force method, although
the reading could be useful for any method as a zero reference. Note again that the effect of load is not
recognized.



https://saenorm.com/api/?name=c5b86c9673564fbae0175160244f8518

SAE J1270 Reaffirmed SEP2000

7.

7.1

7.1.1

7.1.2

7.2

7.3

7.3.1

7.3.2

7.3.3

7.4

Data Reduc

tion

Net Readings via Subtraction of Parasitic Readings

SkiM READING—The skim reading contains the zero-load losses of the test apparatus and the rotating tire

and rim.
between g

Therefore, unless parasitic losses are strongly increasing under the test loads, the difference
ross and skim readings approximates the rolling resistance of the tire.

MACHINE OFFSET READING—The machine offset reading does not contain the tire spindle bearing loss and
the (rather small) aerodynamic drag of the rotating tire and rim. Therefore, its subtraction does not isolate

the rolling

aerodynarpt

Compensat]

be caused

to compens
both forwarg
remain unch
whereas the
reverse read

used, the in{/uence of applied load on the observed spindle force must be determined:- Suc

An alternate
Dynamic cal
of normal tsg
readings pr(
load. Wher
process.

Rolling Res

FORCE MH|
net spindlg
wheel sys
rolling resi
the term

rolling res

TORQUE M
rolling res

resistance of the tire. An addltlonal correction for the combined value of spmdle bearing and tire
y drift.

on for Load-Spindle Force Interaction and Load Misalignment—If the spindl¢ force method is
load effect may

errors in alignment, machine or transducer design, and calibration. ‘One satisfactory procedure
te for load spindle force interactions is to measure the equilibrium(spindle force [of the test tire in
and reverse directions. It is assumed that for both forward andyreverse directions, (a) all forces
anged in magnitude, (b) parasitic as well as tire spindle forces'do change directlon with rotation,
interaction and misalignment forces do not. Therefore, the algebraic average of forward and
ings is indicative of the combined load-spindle force intetaction and misalignment error.

procedure for determining the load effect on spindlé force involves precise dynamic calibration.
bration involves running a representative tire in.the forward and reverse directions over the range
st loads. The mathematical curve representing the algebraic average of forwjrd and reverse
vides an assessment of load-spindle forcé.interaction and misalignment error [as a function of
expressed mathematically, the error function may be easily incorporated in thg data reduction

istance Calculation

THOD—Both the radius of the'test wheel and the loaded radius of the tire must be known to convert
 force to rolling resistance. The term (1+R|/R) results from the free-body diagrajm of the tire-test
em, Figure 1, wheresmoment equilibrium requires that T = Fx(R, + R). Since, aqcording to 7.3.2,
Stance is Fr = T/R,\itfollows that Fg = Fx(1+R/R). Note that on test surfaces with large radius R,
1+R, /R) approaches unity (1.00). Therefore, for a flat surface, the values of spindle force and
stance are jdentical, and the loaded radius need not be known.

ETHOD=-Only the test surface radius—a constant—is needed to convert the net input torque to
Stance,

POWER METROD—

must be k

-" U U C C A UUVC JU U c U VC UlLlU

—the—speedof the test surface
nown to calculate the roII|ng resistance. Note that neither the radius of the test surface nor the

loaded radius of the tire is involved in this method.

Data Adjustment to Ambient Reference Temperature—The

functional relationship between rolling

resistance and ambient temperature appears to be linear over the temperature range 20 to 28 °C (68 to 82 °F)
in 5.5. However, the function may differ among tires of different constructions or made with different materials.
Current results (Ref. 1) indicate that the decrease in rolling resistance per degree ranges between 0.3 and

1.1% per °C

(0.2 and 0.6% per °F) with an average of 0.60% per °C (0.33% per °F).
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