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THE MEASUREMENT OF HIGHWAY TRUCK
AND BUS TIRE ROLLING
RESISTANCE—SAE J1380 AUGS83

SAE Information Report

Report ol the Truck and Bus Fuel Econonny Commutee, approved june 1982, revised August 1983,

1. Introduction—This information report is a companion docimnent to
SAE Recommended Pracuce, J1379, “Roling Resistance Measurement
Procedure for Highway ‘Truck and Bus Tires.”™ It provides background
infornation and explanations refated to the use of the measurement pro-
cedure and follows the same format as SAE J1379.

2. Scope

2.1 Basic Methods—The force, torque, and energy methods of mea-
surement are all in common use and should vield the same test results.
Effects of steering. traction, and non steady-state tire operations are ex-
cluded from the rcu)mmuldcd practice htmusc lhu are \ull m the re-
scarch stage. Mcthods \
are being developed.

2.1.1 Force MeTHoOI
the only parasitic losses
and aerodvnamic lossd
assembly. The main d
torce, which includes
by the very large vre ve
ton or compensation «
tage s that the loaded
convert spindle foree t

2.1.2 TargQue MeTn
the measurement is dir
the torque reading divi
can be cahibrated 1o re
main disadvantage of t
tained in tie measuren
rotational losses.

The parasiic losses
of the same order of ny
disadvantage is that sy
introduce errors.

2.1.3 ENERGY METH
low cost and simphicity
is necessarv. A voltmetd
input 1o the drive svst
energy method s drat
in addition to alt the ot
losses are even larger
cnviromments, special ¢
Luations from creating

3. Definitions

3.1 Rolling Resi
quired m this section.
3.2 Rolling Resi
matian s required in

3.3 Loaded Radiy
m this section.

3.4 Maximum Lo

—The chief advantage of the torce method is
m the measurement are ure spindle bearing losses
b associated with rotation of the tire and wheel
kadvantage is that the small longitudinal spmdle
e rolling resistance, may be serioushy atfected
tical load or by transducer crosstalk. The climima-
{ both eflects is necessary, A secondary disadvan-
radius of the tire must be measured in order 1o
) rolling resistance.

—The torque method has the advantage that
et and simple, as the rolling resistance is merely
ed by the laboratory test wheel radius. Equipment
d dircetly in rolling resistance it so desired. The
he torque method is that the parasitic losses con-
ent include west wheel losses as well as ure spindle

hre targer than for the force method and can be
agnitude as the rolling resistance nself. Another
ced-hunting oscilations in the drive motor can

v—The advantage of the energy method is the
of instrumeniation. No foree or 1orque transducer
r and an ammeter 1o measure the clectrical €nergy
em are sufficient. The chief disadvantage™of the
flectrical Tosses are included i the medstirenent,
er parasitic losses of the svstem. Thusitlie parasitic
han for the torque method. In'some laboratory
mirol may be needed to prevent line voliage flue-
power surges which can distort the readings,

ance—No fturther backpround mformaton s re-

ance Coefficient~=No further b.n(Lgumn(l infor-
Hs section,
s—No furtherbackground informatian is reguired

pd— 1 e tire load Timits specified by the Tire and
Rim Association, Inc. | are éxpressed in pounds (ib) or kilograms (kg).
which are units of mass] Far'use as TRA design loads in the recommended

test apparatus is being developed at a pace which mayv soon bring 1t
into common use. The recommended practice can be used without modifi-
cation when such equipment becomes commonly available. Note that re-
sults from a laboratory flat surface test machine and a laboratory test
wheel may be somewhat different because of the greater deflection of a

given tire under a given load on the curved test wheel surface.

4.1 Test Surface
4.1.1 TEST WHEEL

DiaMETER—Most standard laboratory test wheels

have a diameter of 67.23 in (1.7076 m)? derived from a surtace distance
conversion of 300 revolutions per mile.

least 12 (0.30 m).

4.1.3 Texrure—Rolling resistance has Geen
ol the surlace wexture on which the tre‘rofls.
on a polished smooth surtiace and ingeases witl
sclectton of a medium-coarseness abrasive-tvpe
dure is designed 1o simulate results on a dry
roadway. The reference 1o 3M Safetv-Walk is 1
ol the tvpe of surface texturefeconunended. n
ment. Penodic renewal ofthesurtace nay be nec
INAUON O wear.

4.2 Test Rims—Thc test rim selected shoy
as orignal equipment and contorm 10 'TRA s
the wide vanew 6f rims available tor some ur
rim may affeeCrolling resistance, 1 is important
and contourdlong with the west results. The rim
on the basis of commonly aceepted oniginal equ

4.3 Alignment and Control Accuracies—|
necessary o provide inter-laboratory rolling
within £5% of the nommaly selected test co
given are miended 1o cover variations about d
(standard deviations): they do not include peru
rim non-uniformitics.

Al ot the alignment values can he measnred
mstalled on the spindle and the required accu
by using appropriate fixtures and commonly ava
A machine utihzing cantilevered spindies with a
horizontal radial load sees an increase i slip an
of the tire and wheel assemblv. It the rotation
that the angenual torce is upward. it would ¢
force of the tire/wheel weight. This would be be
ods since it would nnmmize ship angle misalign
tions may sull be necessary for misalignments.

Average ambient temperature should be mea

sidewall approximately 15 in (0.4 m) from the tirf.

tures should be measured over a sufficient per|
step af the test o determine a representatve a

indicates that significant variations in rolling r¢:

vartations i temperature. The funcional relat
resistance and temperature appears 1o be hined
range of interest. Hmw\'cl lllL‘ lun(non may dlﬂt

gve a surtace width ol at

shown 1o be a function

Rothing resistance is feast

surface roughness. The
irface lor this west proce-
well-maintained public
pended as one exaraple
bt as a product endorse-
ssary hecause of contam-

Id represent a mm used
ecifications. Because of
L sizes, and because the
to report test ritn width
unout limits are scleaed
ipment specifications.

The limis spectfied are
resistance  companisons
ditions. The accuracies
¢ specified mean values
rbations duce to tire and

without a tire or whedl
racy can be mamtamed
lable measuring devices.
horizontal spin axis and
e caused by the weight
bt the roadwheel is such
punteract the downward
heticial to all three meth-
hrent. Geometric corvec-

sured adjacent 1o cither
The ambient tempera-
od of tme during cach
crage. Gurrent rescarch
ance can oceur with
onship between rolting
r over the temperature
- among tires of dilferent

practice. they must be converted 1o units of force. either the pound-torce
(Ibf) or the Newton (N).

3.5 Rated Pressure—No further background information is required
i this section.

3.6 Capped Air—No further background informanon is required in
this secuon.

3.7 Regulated Air—No further background infornution 1s required
m this section.

4. Test Equipment— Fest equipnent in use for the measurement of roll-
ing resistance ranges from vehicles operated on roadwayvs 1o machines
simutating (win-roll dvnamometers. The most common equipment is the
6G7.23 in (1.7076 m) diameter faboratory test wheel. An objective of this
recommended practice is to provide a test procedure which the majority
of test orgamizations can adopt as standard. Therefore, the test wheel
serves as a standard for the procedure. However, flat-surface taboratory

14200 W. Market St.. Akron, OH 44313

tomstrctiorsormerdewithdifferemtnratrerats—A vailable Jaboratory test

results show that rolling reststance varies with ambient temperature.

The

approximmate rauge of variation is —0.08 10 —0. 14 1bt/°F (—0.64 10 —1.12

N/°C) for highway truck tires at average dual load

and inffation conditions,

Since this s a sigatficant elfect, all rolling resistance data should be cor-

recred 1o 75°F (24°C) by means of a suitable correction equation.?

4.3.1 Force MeTon—The geometric nusalignment {forces can be re-

moved by a suitable static machine calibration,
with the spindle transducer crosstatk cahibration.

which can be combined
A bi-dircctional yatauon

test can also be used 1o estimate the misalignment foree.
4.3.2 Foroue MeTnon—The cfiect of shp angle nusalignment wilt be

small if kept withim the specified wolerance. The

torque variation due to

2 GConversion between UL S, custamary units and merric units are made in acoon-

dance with “Rules for SAE Use of ST Meric Units (SAE J9160).7

factors between units depend on he precision af the b

veried.

3 See for example, D. J. Schuning and G. L. Hall,
on Tire Roling Loss,” Rubber Chemisiry and Technol

The conversion
ase measurement 1o be con-

“Ambicnt Temperawre Elfects

ogy, 54, 5, 1981, FEE3-1123.


https://saenorm.com/api/?name=0dd2b5d350d280e479cefe2616a7b161

speed-hunting oscitlations can be filtered out clectronically.

4.3.3 Exercy MeTHOb—This method is aficcted by ship angle misalign-
ment to the same degree as the torque method. Itis destrable to control
surface speed o 20.5 mph. If that is not possible (various motor speed
controls have difterent control characteristies). the imput electrical power
should be averaged over several minimum-to-maximum speed cycles and
the average speed for those oveles used in the rolling resistance caleula-
tuon.

4.4 Instrumentation Accuracy—The values sclected represent good
instrumentation practice using modern equipment. In laboratornies where
niore accurate imstruments are available. better measurement resolution
is encouraged. The specihic vatues recommended are adequate for resolu-
tion within 0.5 1bf (2.2 N) on a ure carrving nominally 5000 bt (22 000
N} of normal load and produang 25 Ibf (111 N) of rolhng resistance.
Better absolute resolution mayv be readily available for ures carrving
smaller loads. If good instrumentation practice and a combmation of
mstrument accuracies provides repeatable data within 0.5 1bf (2.2 N) and
=1% of the maximum measured rolling resistance force for the ure n

information can be obtained by using the capped condition onty.

5.3 Test Sequence—Experiments have shown that steady-state con-
dittons are achieved more quickly for a step of decreasing volling resis-
tance. Thus, i order to minimize the duration of the total test and at
the same ume obtain the maximum degree of assurance that steadv-state
values are achieved at all test conditions, testing in the order of decreasing
vahues of rothing resistance is recommended. Therefore, the initial warm-

-up s done at maximum thermal input: and the succeeding test conditions

at munimal thermal adjusunents.
6. Test Procedure
6.1 Break-In—For ures undergoing signtficant growth upon irst op-

_eration, an initial break-in at 50 miph (80 km/h) under Maximum Load

and Rated Pressure is recommended (see SAE J1379 definiuons 3.4, 3.5,
and 3.6). The recommended break-in period 1s 2 h under Capped Air
conditions. followed by a cool-down to the ambient test room temperature
ot at keast 6 h. This cool-down period would be the thermal conditioning
recommended below (paragraph 6.2). If the tire has been undergoing
other tests, such as temperature-rise tests, prior to the rolling resistance

gueston,

then such a svstem mayv be considered

“equivalent” to the

test. then break-in may not be necessary.

recommended accuracies.

4.4.1 Force MeTHOD—T]
torce and loaded radius. T
1 requires carctul selection
ment.

4.4.2 TorQue METHOL—]
of mput torque. Modern tc
protection to provide the n

4.4.3 ENERGY METHOD—
of clectrical power and spee
age resolution are necessar
for the particular motor ry
The speed vesolution requl
other methods because the
val 1s used i the caleulato

4.5 Measurement of I
Anv force method measurn
crrors which might result fire
precision, and machine and
method of measurement s
observed spindle force mus

One saustactory procedur
tance for a selected tre in
It is assumed that the bea
resistance are equal momag
ward and reverse rotation.
change divection with chang

forward and reverse readingh

error.
Another procedure for
through use of mechanical f
nique can lead 1o calibrano
An acceptable procedure
an assessment of overall svs
the Joad. It expressed mad
the data reduction process.
5. Test Conditions
5.1 Test Speed—A sin
because rolting resistance at
tive 1o speed over the rang

his method requires measurement of spindle
e force measurement must be very precise:
w speafication of carrent technology equip-

Ihis method requives precise measurement
Fque cells may require separate over-torque
eded resolution.

I'his method requires precise measurement
- Vartous combinations of voltage and amper-
- depending on the typical voltage required
wning the est wheel at 50 mph (80 km/h).
red for this mahod is higher than for the
hverage speed during the measurement inter-
b of rolling resistance.

load Interaction Effects—Force Method—
g svstem can be subject to load interaction
m such sources as transducer dosign, gaging
transducer alignments. If the spindle force
usced. the mfluence of applied load on the
be carefully determmed.

15 to measure the equilibrium rolling resis-
both the forward and the reverse directions,
ing losses. windage losses, and tire rolling
1ude but opposiie in directon betweénlfor-
{owever. the load miteraction ervors 'do not
es i rotation. The algebraic avgrage of the
is then represemanve of the load'interaction

determining the load  meraction effect s
bturing. The dificulties involved in this tech-
| crrors in pracuce.

when repeated fortmaltiple loads. provides
tem load intepdgtion errors as a funcuon of
cmatically, gesiiay be casily utilized during

le speedAs recommended for tese efficieney
Egnilibrium (steady state) is relatvely msensi-
from 20-60 mph.

6.2 Thermal Conditioning— 1 hermal conditioni
to avoid inadvertent testing of a ure wiich has jusg b
an extremehy hot or cold storage location. Witheut
the thermal state of the tive immediately piddr-o tey
test resubts and jeopardize comparison with nther tires
ent thermal histories. The physical arrangement of ma
is such that ambient conditions and the Jogistics of ure
raton satisfv the thermal conditioning requirement
need for any special arrangemens,

6.3 Warm-Up—The duratiorof the warme-up tin|
set of west conditions depends on the tire itself. The re
have been found to be gencgally saustactory. There 1s
tres nun require mord_pime. especially those with car
has a thermally-sengiiye modulus, c.g.. nvlon. Thus,

given an the recgnmimiénded practice are only a guidg

procedure muge chsure 1o his own satisfaction that
been achieyedor cach reading, especially when aliern:
are selected:
6.4 Measurement and Recording

6. MdN\IbENTIFICATION—NO further background nfo
i this secuon,

6:4.2 TestT VariasLes—Measured values of load,
speed. ete. should be reported for data analysis purp

6.5 Measurement of Parasitic Losses—Parasitif

acrodvnamic loss, bearmg fniction, and other sources
which mayv be inherent in the measurement. Many
tosses (e.g.. bearing torque and laboratory test wheg

tend 1o be temperatwre dependent. The existence of

dependence should be determined before relving upe
foss measurement to correct a large set of data.
dre found to be temperature dependent, then either a
surement needs to be made immediately following ¢4
measurement or one must make certain that a constant
ture has been reached for the measuring cquipment
measurement and before a parvasiice loss measurcmdn
possible measurement techniques, the two deseribeq
4re most common.

6.5.1 SkiM Reapine—DBuring a skim rcading. the
rolling without slippage while the ure load is redu
which the energy loss within the ure itselt is pracu

g 1s reccommended
ken removed from
kuch conditioning.

could distort the
which have difler-
1v test laboratories
storage and prepa-
and climinate the

¢ required at cach
‘ommended values
~wvidence that some
Fass material which
he warm-up times

The user of the
a steadv state has
tive test conditons

mation is required

inflation pressure,
pses.

losses consist of
' svstematic errors
wirces of parasitic
drive beht losses)
such temperature
h a single parasitic
he parasitic losses
parasitic loss mea-
ch dre rolling loss
reference tempe
prior to cach ure
nt. Of the various
in the procedure

tre must be kept
ed o the Jevel at
ally zevo. Various

methods have been devised o approximate dns condi

100 i a reproduc-

As noted in Section 2,
steadv-state conditions only.

tns procedure is limited 10 measurements at

ible fashion. Some laboratones attempt to control the
value, c.g..

20 Ibf (90 N). Others use a subjective evaluation or

load at some small
“eel”

5.2 Load and Inflation Pressure—1' csun}, of the ure in dual mount-
ing or other special conditions is not included in this procedure. The
recommended loads and inflation pressures cover the range of values
expericnced in actual vehicle usage. Since the primary application of the
subject tire is in a dual configuration, the load and inflation pressure of
the single test tire shall be retated w the dual 1oad and inflation as found
in the Tire and Rim Association Handbook.

‘The single capped test condition in combination with the four regulated
test conditions constitute the basis for predicting rolling resistance over
a wide range of operating conditions (see paragraph 8.3). The accuracy
of the predicted values mayv be compromised if other than these specific
test points.are used. Where such predictions are not needed, significant

of the orque required o stop the tre. An actual measurement of the
rotational velocity of the tre is probably the most refiable. In any case,
the choice of the method used is et to the individual laboratory. The
skim reading accounts for the parasitic losses under practically no-toad
conditons. In most instances, the reading adequately represents the para-
sitic losses under west load. H greater refinement of the data is necessary,
additonal mformation about the efiect of load. for example, on bearing
friction. must be determined.

6.5.2 MacHINE OFFSET READING—A machine offset reading accounts
for the parasitic losses of the test machine exclusive of the losses in the
votating spindle which carries the tire and nim. The measurement is ex-
wemely simple, reliable. and reproducible. For this reason, most laborato-
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