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ROLLING RESISTANCE MEASUREMENT
PROCEDURE FOR HIGHWAY TRUCK
AND BUS TIRES—SAE J1379 AUGS83

SAE Recommended Practice

Reprort of 1he Truck and Bus Fucl Economy Commitice, approved June 1982, fast revised Auguse 1983,

1. Introduction—The rolling resistance of preumatic tives results in
signifhcant loss of cnergy in the operation of motor vehides. This recom-
mended practice provides methods for determining rolling resistance data
of highway truck and bus tires under controlled conditions. This proce-
dure is intended o provide a way of gathering data on a uniform basis
1o be used in comparison with test results from road fuel cconomy tests.

A companion documant, SAE Information Report 1380, “The Mca-
sureinent of Highway Truck and Bus Tire Rolling Resistance,” enlarges
on this subject and gives background information. The format of both
documents is the same, with corresponding topics presented under the

same headings.

2. Scope—This recommended practice applies to the laboratory mea-

“surement of the rolling resistan

for use on trucks and buses in

the Tire and Rian Association, [

4.3 Alignment and Control Accuracies—All test parameters should
be maintained at their specified levels. Deviation from thess levels will
cause variations of rolling resistance. If these levels cannot be achieved
as indicated in the SAE Information Report, J1380, corrections for these
effects may be attempted (particularly for alignment or temperatures).
Al parameters should be measured and recorded with the rolling resis-
wance values. The three measurement methods are difterently aftected
by variations in test parameters. Except for more stringent limits speatied
below for cach of the three methods., the test parameters should be man-
tined within the following limits:

Tire load application normal to test surface: 0.3 deg

Wheel plane alignment normal o test surface: £0.3 deg

Shp-angleon test surface: 0 1 dep

[C Of piicumatic Tres designed prinmarity
normal highway service, as defined by
te. (TRA): it does not include light truck

tires (designated LT). The procddure applies only to straigiu, free-rolling

tires under steady-state operatic
methods:
2.1 Force Method—Mcasu

it and includes the following three basic

res the reaction force at the ure spindle

and converts it to rolling resistquee.
2.2 Torque Method—Mecasures the torque input to the test machine
and converts it :; rolling resistdnee.

2.3 Energy Method—Mcas

ires the energy input to the test machine

and converts it to rolling resistqnce.

3. Definitions—The following
cxpressions are used in this rec
tion Report. J1380.

definitions apply wherever the terms and
inmended practice and in SAE {nforina-

3.1 Rolling Resistance—Rplling resistance of the free-ralling tre

1s the scalar sum of all contac

forces tangent to the test surface and

parallcl to the wheel plane of dye tire.
3.2 Rolling Resistance Coefficient—Rolling resistance cocthcient is
—the ratio of the ralling resistange to the load on the ure.

3.3 Loaded Radius—Il.oud
from the axis of rotation of the
rolling. .

3.4 Maximum Load-—Max
maximum duad (D) tire load lin

louded tire to the surface on which it is

mum load is a force equivalent to the
it specificd in the tire load tables of the

current Tire and Rim Associatign, Iac, (TR_.‘;\) Yearbook.

3.5 Rated Pressure—Ratcd
specified for the maximum dua
the tire load wables of the curre
Yearbook. ’

3.6 Capped Air—The term|
ing the tire to the required pro
of the test arca, and then seahn

pressure is the cold inflation pressunce
(D) dre load himit (maximum (oad) in
it Tire and Rim Association, Inc*¢T'RA)

capped air refers to the process of inflat-
ssure while it is at ambient temperature
E oft the pressure in the tire with a valve,

cap or some other scal. As the tie is run under load inercases in tempera-

ture will cause the capped air it
3.7 Regulated Air—The

of intlating the tire to the requi
turc, and maintaining this indla
load. "This is most commonly d
attached to the tive through a1
4. Test Equipment—The labo

the tire 1o ingredse m pressure.

brm regulated air refers to the process
ed pressurciindependent of its tempera-
tion pressure while the ure runs under

TGN union.

'd radius.is the perpendicular distance

ne by Msing a-regulated pressure source

r L]
Tire load: 10 1bf (44 N)
Infation pressure: 0.2 psi (£1.4 kPa)
Speed: =1 mph (£2 km/h)
Ambicnt temperature: 75 = 5°F (24 £ 3°C)
4.3.1 Force MeTnop—Misalignnent of the applied lopd may cause
siguificant spindle force component to appear in the direction ot the
rolling resistance. Therefore, the followinignore strmggnt himit is rec-
ommended for this method:
Tire load application normal to,test surface: £0.05 deg
4.3.9 TorQue Metnop—Slipangle nusalignment can capise a sigmficant
input torque that will be read as'volling resistance. Therefore, the follow-
ing more stringent fimit-igGecommended for this method:
Slip angle on tesOsurface: 0.05 deg
4.3.3 ENercy METHoD—Slip angle misalignment can capse a significant

clectrical poweriinput that will be read as rolling resistpnce. Also, the
rolling resistaiice caleulation requires a constant value df speed during

‘the medsureinent interval because variations in surface speed can cause

significagit érrors. Thercfore, the following more stringent limits are rec-

ommended for this method: -
Slip angle on test surface: £0.05 deg
Speed: 0.5 mph (0.8 km/h)

4.4 Instrumentation Accuracy—The instrumentatioft used for read-
out.and recording of test data must be sufliciently accurpte and precise
to provide repeatable measurements of rolling resistance data. The abso-
lutc.error limits specified below should produce a con posite error of
less-than 20.5 Ibf (=2.2 N) and £1% of the maxinum rqlling resistance
weasurement data. Refer to SAE Information Report, J1B80, for the as-
suiptions teading to the accuracy level and for appropriate changes
acenracies fur specific applications. Mcasurements common to all three
methods of rolling resistance determination should be maintained within
the following accuracy timits:

Tire load: =6 Ibf (£26 N)

Intlation pressure: £0.2 psi (1.4 kPa)

Average temperature: £0.5°F (20.2°C)

Speed: £0.5 mph (0.8 km/h)

4.4.1 ForCE T\}ETIIOD—ln addition to the common accyracies specilicd

atopy test wheel is most comnionly used

Tor this procedure because of its widespread availabilicy.

4.1 Test Surface

4.1.1 Test Wueel DiameTER—The diameter of the laboratory test

wheel most commonly used is ¢
4.1.2 Wirri—The width of
width of the test tire.

37.28 in (17076 m).?
the test surface must exceed the tread

4.1.3 TexTURE—A miedium coarseness. abrasive-type (80 grit) surface
texture is recommended, such as Medium-grit 3M Safety-Walk.

4,2 Test Rims—Tcst rims

should have an approved comtour and

width as specified by the Tire and Rim Association, Inc.. for the size of
the tire tested. The rim width and contour used should be reported with
the test results. The radial and lateral rim runout should not exceed

0.070 in (1.8 nun),

t Conversions between UL S, Customary Units and metric units

¢ lll'.ldt' inarcar-

dance with “Rufes for SAE Use of 8T Metric Units (SAFE J916 the conversion
faciors between mits depend an the precision of the base measirement 1o be con-
vered.

oV, T mended accura-
cies:

Spindle force: £0.20 Ibf (£0.8 N)

[.vaded radius: £0.1 in (2.5 nun)

4.4.2 TorQue MeTHoD—In addition to the common accuracies speci-
fied above. the use of this method requirés the lollowing recommended
accuracy:

Torque input: 6 {bf-in (£0.7 Nm)

4.4.3 Exercy MeTHoD—In addition to the common accuracies specified
above. the usc of this method requires the following recommend accura-
cies:

Electrical power: =20 W
Swrtace speed: 0.2 mph (£0.3 km/h)
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4.5 Measurement of Load Interaction Effects—Force Method—
The influcnce ¢ applied load on observed spindle force must be deter-
mined for a tes facility in a smitable manner. Since the load interaction
cifect (instrume Rauon “crosstalk’) is generally stable tor a given measur-
ing system, it ¢n usually be expressed as a polvinomial. which can be
utilized during  he data reducuon process.

5. Test Condi ions—The recommended test consists of an inidal mea-

surement of rol ing

ance after the tre mflation pressure is alfowed

rest

to rise as it wonkd in service. followed mmmediately by four consccutive

MCIISUrCIneIs L Je

gulated inflatton pressures i a sest matnx of four

loads and three mflation pressures, all ata constant speed.
5.1 Test Speed—The recommended test speed is 50 mph (30

kin/h).

5.2 Load 2ad Inflation Pressure—Thc test loads and inflaton pres-
sures shown in the following table are based on dual (D) histings in the
Tire and Rim Assoctauon tlandbook ftor the test ure size designaton
(sce definitivns 3.4 and 3.5).

6.5 Measurement of Parasitic Losses—Parasitic losses must be de-
termined by a suitable echnique. Two commonly used methods are:

6.5.1 Skt Reapine—Loud on the tire must be reduced 10 a value
Just sufficient o maintain rotation at the test speed without slippage:
spindle force. mput torque or input clectrical power s read (whichever
applies).

6.5.2 Maciine OFFseT READING—The tire is removed from the test
smrface. At test speed. spindle force, input torque or mput clectrical power
1s read (whichever applies).

7. Data Reduction

7.1 Net Readings Via Subtraction of Parasitic Readings—Parusitic
losses must be deducted by asing applicable technigques. The result af
the deduction is net spindle force, net orque, or net clearical power
(whichever applies). Two conmonly used techniques Tor obtaining the
parasitic readings are:

7.1.1 Sk Reapinc—Subtract the skim reading from the reading for
each test condivon.

L
% of

5.3 Test Sequ¢
in the matrix of regy
in steadily decreasy
sequence shown in

6. Test Procedure
fbwing sequence:

6.1 Break-In—
upon first operatiol
the start of the tes
tire at inital test c
a cool-down perod

6.2 Thermal C4
cnvironment of the
thermat equidibrium
mended. The toe 1
during. or after the
mounting arca is st
should be mounted

6.3 Warm-Up—

cach set of conditio

ire Load . Infladon Pressure
faximuin Loud % ol Rated Pressure
100 100 capped
100 95 regulated
75 70 regulated
50 120 regulated
25 70 regutated

nce—1t is recommended that the four imcasurements
hlated pressures be made in a sequence whiach resules
1g values of rolling resistance. For most tires. the
5.2 accomplishes this objective.

—The west procedure should be conducted i the tol-

Tires that undergo sigmficant permanent growth
may require a break-in and cooling period priot o
. Break-in can be accomplished by operavon of the
nditions for a period of two (2) hours, followed by
of at least six (6) hours.
pnditioning—The tire should be placed in the dhigrmal
est location for a period of tme suflicient tonachieve
before testing. A mininim of six ¢6) hoursis recom-
ay be mounted on the test rim at anpyvtie betore,
hiral conditioning, provided the temperature of the
ilar to that ol the test location(Odherwise. the tire
prior to thermal condioning.
LThe ure should be run onithe test surface under
is for a period of tume saftiaent o achieve a steady-

state vatue of rolling] resistance. A minimum period of ninety (90) minues

is recommended far
for cach regulated
condittons can bhe v
6.4 Measuremgd
G.4.1 IDENTIFICAT
of cach test should
1) Tire manuf

2) Tire size

thy capped pressure condition and tnrty (30) mimutes
ressure condition \'the achievement of steady-state
rificd by monildning the rolling resistance.

tnt and Recording

oN—The foldwing imformaton for the identification
be recorded:

hictuger_ afid brand name

nther in-hoard or owt-board side ol machuie

3) Tire serial

7 1.9 MAcHINE OFrFseT REabDING—subtracy the machine offset reading
the spindle bearing loss. and the acrodsgiame loss trom the readimg for
cach test conditon.

7.2 Load Interaction Compensatian—Horce Method—he load ur-
teraction effect (instrumentation “crosstalk’) dn the observed rolling resis-
tance must be caleulated Jor thetactual appligd load and the appropriatc
compensation made at cachrtesycondiuon.

7.3 Rolling Resistange Calculation—Rdlling resistance must be cal
culated by using a formtukitappropriate o the measuring method.

7.3.1 Force MyTHOD

FR= l‘x“ + I”L/R

Where: Fg=Rolling resistnce, iht (N)

Fy=ANct tire spindle torce. i (N)

¥y = Louaded radias, m (m)

R = Test wheel radius, m tmy)
7.32 TorQue MeTHOD

Fr="1/R

Where: Fp = Rolling resistance, Ibf (N)

T = Net imput torquie, Ibfin (Nin)

R = "Test whweel radius, in (m)

7.3.3 ENERCY METHOD '
SI Units
Fr =360 (VA —P)/U

L. S, Customary Units

Fe=0.303 (VA —P)/U

Where: Fr = Rolling resistance. b (N)
v = Volts applicd 1o machine drive

A = Amperes drawn by machine dife
U =Tost surface speed. mph (kim/h
P = Parasitic power per paragraph 710 waus

.8. Data Analysis—For some purposes. addifional conversion and analy
six of the data are desirable, The caleulations{shown below are presented
for convenience and casy reference.

8.1 Rolling Resistance Coefficient—The rolling resistance cocfh
cient s calculated by dividing the rolling repistance by the foad on the
tire:

Cr=Fn/tz

4) Other pertmemt vre identuification

5) Test nm width and contour

6) Test machine and position idenufication
7) Test surface texuure identification

8) Date and u

mc

9) Test operator dentification

10)
1) Break-m

Tire mounting conliguration to establish direction ol rotation

6.4.2 Test Varmsies—The following test datr should be recorded
unmediately following warm-up for cach load pressure combination:
1) Warm-up tume

2) Speed
3) Load

4) Inflaton pressure

5) Spindle torce, input torque. or mput clectnical power
6) Loadcd radius

7) Avcerage ambient temperatare

Where: Cg = Rolling resistance cocethcient
Fg = Rolling resistance. Ibf (N)
Fz = Tire load. 1bf (N)
8.2 Power Consumption—The expression used i the power con
sumption calculaion depends on the units desired.
8.2 Warrs
ST Units

P=Fg U/3.60

U. S. Customary Units

P =Fr U/0.503

Where: P = Power consumption, W
Fr = Rolling resistance., Il (N)
U = Test surface speed. mph (kin/h)
8.2.2 HORSEPOWER
ST Units

P =FgU/2685

U, S, Customany Units

P=Fa U/375
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