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NOTE: The UMTRI Mobile Tire Dynamometer was decommissioned and is no longer available in response to an institute
decision to no longer engage in testing. It is still mentioned in this revision because much of the backup data for
SAE J2675 was taken with the UMTRI machine and experience with it shows the quality of information that can

be obtained

131

with a machine of this type.

Ideal Machine

This document references an ideal machine which is capable of fully matching every item in this document, SAE J2429,
and SAE J2675. Such a machine neither existed at the time this document was written nor is it certain that the technology
to build such a machine exists at this time. However, this recommended procedure does not depend on having an ideal
machine. Useful data can be, and has been gathered on existing machines. However, for repeatability and for situations
when data from different machines might be compared, it is important to document the capability of each machine that

contributes data.
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4. NOMENCLATURE

Table 1 lists the symbols used in this document.

5. APPARATUS

5.1 Laboratory M3
A laboratory machin
systems: a simulate
applicable setting al
machines capable
combined cornering

NOTE: Torque cont
only practicg
arequireme

TABLE 1 - SYMBOLS DEFINED

Symbol Defined Term

a Slip Angle

C Force and Moment Interaction Matrix
Fact Force and Moment Corrected for Interactions
Fsen Force and Moment Sensed by Measuring System
Fcal Forces and Moments Applied During Calibration
Fx Longitudinal Force

Fy Lateral Force

F Normal Force

Y Inclination Angle

My Overturning Moment

M Aligning Moment

® Spin Angular Velocity About the Wheel Spindle

p Inflation Pressure

R Loaded Radius

S Test Speed

SR Slip Ratio

Ta Ambient Temperature

Ts Spindle Terque

chines

b for performing truck tire force and,moment testing according to this document

and braking.
Fol is not addressed.in Table 2 because the test only involves slip ratio ramping

Nt on the systeém that torque be generated by a motor system.

| for slip ratio magnitudes less than that associated with peak friction. Further, t

is comprised of three

d roadway, a loading and positioning system, and a measuring system. bele 2 specifies the
Ccuracies with respect to test)speed, loading, and positioning plus ideal confr
bf performing not only thisytest, but also, other related tests such as free-r

ol setting rates for
plling cornering and

hnd torque control is
prque control places
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TABLE 2 - LABORATORY MACHINE CONTROL SETTING
ACCURACIES AND IDEAL RATES
Least Acceptable Least Acceptable
Setting Accuracy 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 Anglel +0.05 degree +0.05 degree

Inclination Angle®

+0.05 degree +0.05 degree

Spin Angular Velocity? +10 rpm +10 rpm
Rate Ideal Maximum Rate
Normal Force > 8900 N/s > 2000 Ib/s
Slip Angle > 5 degrees/s > 5 degrees/s

S

bin Angular Velocity
Inclination Anglel

> 1200 rpm/s
> 1 degree/s

> 1200 rpm/s
> 1 degreels

s
d

cument.

géneral tests.

% Pfecise control of Spin Angular Velocity (o) would only be possible in the case
al Machine using a motor to apply torque to the test tire. (tis not necessary to

ip Angle (o) and Inclination Angle (y) are not required and are, not” used in
They are provided should anyone desire to build a\machine for

this
more

Df an
et a

given steady-state o level within the test discussed in this Recommended Practige. In

t
t

51.1

case of this practice it is only necessary that the machine generate a braking
t sweeps through the required Slip Ratio (SR)\range defined in Section 9,
Pfrocedure, within the specified test time.

Simulated Rpadway

famp
Test

The simulated roadway shall be a surface coated with an abrasive material. The abrasive material shpll exhibit essentially

stable frictional pro
example included in
deposits.

NOTE: The proper {

ay shall bewide enough to support the entire tire footprint. Ideally, the active
n) to insure that the widest envisioned tire (605/70R20.5, 24R20.5, etc.) could be

bay andits supporting structure shall be sufficiently rigid so as to not change
or\dongitudinal curvature or angular orientation under the maximum test Ig

erties over a useful period of time as confirmed by a control tire testing procedure such as the
Section 7, Preparation of Apparatus. The roadway shall be maintained free of

loose materials and

rictional characteristics for the simulated road surface and the change of the fricfional characteristics
rface endurance) are:not defined. These are subjects that should be resolved through research prior
renewal of this document.

width would be 800
tested.

hppreciably in either
ads applied in this

The roadway shall be flat.

Though straight-line braking data to support this requirement does not exist, the

probable correctness of this requirement can be inferred from the distortion of free-rolling force and moment
properties by roadway curvature (SAE 760029). It is certainly correct for a general-purpose machine.

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 in
braking (SAE 962153). Therefore, it is desirable to specify test speed, S, as realistically as possible consistent
with the test machine’s capabilities.

with time (sU
to the 5-yeal
5.1.1.1 The roady
mm (31.5
5.1.1.2 The roady
transverse
document
5.1.1.3
5.1.1.4
5.1.1.5

Temperature shall be maintained within the allowable ambient temperature, T,, range specified in Section 8,

Selection and Preparation of Test Tires, 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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51.2

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.

The loading and positioning system shall accommodate tire-wheel-assemblies with diameters and widths
required by users. An ideal system would accommodate rims from 15X6.00 to 24.5X16 allowing testing of tires
between 800 mm and 1400 mm (31.5 to 55.0 in) in outside diameter with section widths up to 645 mm (25.4

The loading mechanism shall be able to exert the normal forces required by the Test Procedure, Section 9, for
the tire to be tested. An ideal loading system would be able to exert normal force magnitudes of up to 140 kN

For this tgst, the positioning system and its supporting structure shall provide a slip angle| of o = 0° + 0.05°. If

ability is provided for slip angle, as part of a general machine, the pesitioning system and its
supporting structure shall, as a minimum, permit incremental setting of slip angles fro
n ideal slip angle setting system would be able to continuously set slip-angles from —15 degrees to

s at a minimum.

—7 degrees to +7

For this test, the positioning system and its supporting structure shall provide an inclipation angle of y =

If setting capability is provided for inclination angle, as part*of a general machine, the positioning
system and its supporting structure shall, as a minimum, permit incremental setting of inclingtion angles from -5

+5 degrees. An ideal inclination angle setting systemywould be able to contin
m —10 degrees to +10 degrees.

5.1.2.1
in).
5.1.2.2
(31500 Ib).
5.1.2.3
setting ¢
degrees.
+15 degr
5.1.2.4
0° +0.05°
degrees t
angles fro
5.1.3 Measuring

The measuring systém shall at a minimum be capable of measuring these data: longitudinal force (F

test speed (S), and
corrected for tare. H

The ideal measuring
(T,), inclination angl
radius (R;), longitud
velocity about the wi
tare. Section 6, Cal
and three moments.
5.1.3.1 The range
guestion w
the ideal ¢
machine w

ystem

spin angular velocity about the wheelspindle (®). The individual results for &
porce and moment interactions shall bge*corrected by a matrix method.

e (y) (if the positioning system-permits tire inclination), inflation pressure (p), late
nal force (F,), normal force_(F,), overturning moment (M), test speed (S), slip an
neel spindle (o), and_spindle torque (Ts). The individual results for all channels s
bration, provides a/matrix correction example for an ideal machine capable of md

of measurement for each individual channel must include the expected result rar
hen tested according to Section 9, Test Procedure. Table 3 provides a set of ra
apacities-of the roadway and loading and positioning systems expressed in this
ould-have the ability to perform all the measurements for which system ranges ¢

ously set inclination

), normal force (F3),
Il channels shall be

system should be capable ofiméasuring these data: aligning moment (M,), ambient temperature

al force (Fy), loaded
gle (o), spin angular
hall be corrected for
asuring three forces

ge for the test tire in
nges consistent with
document. An ideal
re provided in Table

3.
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TABLE 3 - MEASURING SYSTEM IDEAL RANGES

Full Scale Range Full Scale Range
Measurement Sl Units USC Units
Aligning Moment" 0+11kN-m 0 + 8.100 ft-Ib
Ambient Temperature® 10to 35 °C 50to 95 °F
Inclination Angle® 0 + 10 degrees 0 £ 10 degrees
Inflation Pressure® 0to 1500kPa 0 to 215 psi
Lateral Force® 0 + 140 kN 0+ 31,500 Ib
Loaded Radius* 350 mm to 675 mm 145into 27.5in
Longitudinal Force 0+ 140 kN 0+31,500Ib
Normal Force 0 - t0140 kN 0to 31,500 Ib
Overturning Moment* 0+33kN-m 0 + 24,300 ft-Ib
Test Speed Uto 120 km/mr OUT0 75 mpn
Slip Angle* 0 + 15 degrees 0 £ 15 degrees
Spin Angular Velocity 0 £ 1200 rpm 0 £ 1200 rpm
Spindle Torque® 0 £ 94,500 N-m 0 £ 70,000 ft-Ib

' This measurement is not required or used in this document. Information
is provided should anyone desire to build a machine suitable_fof more
general testing.

NOTE: Braking Forge is equivalent to negative longitudinal force (J2047).

5.1.3.2 The measurement accuracy for each channel shall be equal toorbetter than that listed in Table 4.

TABLE 4 - LABORATORY MACKHNYE MEASURING
SYSTEM ACCURACIES

Measurement Accuracy2
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 Radius* +0.5 mm (+ 0.020 in)
Longitudinal Ferce +0.5% of Full Scale
Normal Ferce +0.5% of Full Scale
Overturning” Moment* +0.5% of Full Scale
Test.Speed +0.5% of Full Scale
slip Angle* +0.02 degree
Spin"Angular Velocity +5 rpm
Spindle Torque® +0.5% of Full Scale

1 Thisomeasurement is not required or used in this document. Information |s
provided should anyone desire to build a machine suitable for more genergl
testing.

2 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 16 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 Least Acceptable
Setting Accuracy Setting Accuracy
Setting S| 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

hclination Angle ™ > 1 degree/s > 1 degree/s

Clination Angle (y) is not required and is not used in this document. It is provided
ould anyone desire to build a machine for more general tests.

NOTE: The road siyrface chosen to be the test surface is fundamental in this experiment. It is

separate se
should be d
the frictional
should be re

NOTE: Torque cont

5.2.1  Mobility Sys
The mobility system
specified by the test
Test speed affects ti
realistically as possi
5.2.2 Loading and
The system position
in Section 9, Test Pr
5.2.2.1 The loadi
required b
between §
in).

5.2.2.2 The loadi

Ction as in the case of the laboratory test machine. However, tést“surface fric

characteristics with time (surface endurance) should be <nvéstigated. These
solved through research

ol is not considered for the reason discussed in theqiote in 5.1.
em

shall be capable of moving the loading and positioning system over the test ro
engineer. An ideal mobility system would permit speeds between 10 and 120 k

ble consistent with the test machine’s capabilities.
Positioning System

5 the tire with respect to ‘the road and loads it against the road surface at the no
pcedure. The systenyshall accommodate the tire sizes to be tested.

ng and positioning system shall accommodate tire-wheel-assemblies with di
y users. An+deal system would accommodate rims from 15X6.00 to 24.5X16 all

the tire siz

kN (31 500 Ib).

5.2.2.3

g-mechanism shall be able to exert the normal forces required by the Test Proc

re force and moment data in braking (SAE 962153). Therefore, it is desirable to 1

00 mm and*1400 mm (31.5 in to 55.0 in) in outside diameter with section widths

not discussed as a
ional characteristics

pfined within the context of the friction spectrum of highways. (Further, the question of the change in

are subjects, which

ad at the test speed
m/h (6 and 75 mph).
pecify test speed as

mal forces specified

hmeters and widths
bwing testing of tires
up to645 mm (25.4

bdure, Section 9, for

gnitudes of up to 140

For this test, the positioning system and its supporting structure shall provide a slip angle of o = 0° + 0.10°. If

setting capability is provided for slip angle, as part of a general machine, 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 degre

es at a minimum.
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5.2.2.4  For this test, the positioning system and its supporting structure shall provide an inclination angle of y = 0° +
0.10°. If setting capability is provided for inclination angle, as part of a general machine, the positioning system
and its supporting structure shall, as a minimum, permit incremental setting of inclination angles from -5
degrees to +5 degrees. An ideal inclination angle setting system would be able to continuously set inclination
angles from —10 degrees to +10 degrees.

5.2.3 Measuring System

The measuring system shall at a minimum be capable of measuring these data: longitudinal force (Fx), normal force, (F,),
test speed (S), and spin angular velocity about the wheel spindle (®). The individual results for all channels shall be
corrected for tare. Force and moment interactions shall be corrected by a matrix method.

The ideal measurin svstem-shaould be capnable of measuring-these data: alionina-momen \vi 'lmbienttempel’atul‘e
(TA), inclination angle (y) (if the positioning system permits tire inclination), inflation pressure (p), latefal force (F,), loaded
radius (R,), longitudinal force (F,), normal force (F,), overturning moment (M,), test speed (S), slip-angle (o), spin angular

velocity about the wiheel spindle (®), and spindle torque (Ts). Section 6, Calibration, provides.a‘matrix correction example
for an ideal machine} which measures three forces and three moments.

5.2.3.1 The range|of measurement for each individual channel must include the expected result rarjge for the test tire in
guestion when tested according to Section 9, Test Procedure. Table 3 provides a set of rahges consistent with
the ideal cqipacities of the loading and positioning systems expressed in.this document. An jdeal machine would
have the apility to perform all the measurements for which system ranges are provided in Tdble 3.

5.2.3.2 The measurement accuracy for each channel shall be equal to‘er better than that listed in Table 6.

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

Measurement Accuracy”
Aligning Moment" +1.0% of Full Scale
Ambient Temperature® +0.5 °C (+1.0 °F)
Inclination Angle’ +0.05 degree
Inflation Pressure” +3.5 kPa (+0.50 psi)
Lateral Force: +1.0% of Full Scale
Loaded Radius" +1.0 mm (+0.040 in)
Longitudinal Force +1.0% of Full Scale
Normal Force +1.0% of Full Scale
Overttirdiing Moment* +1.0% of Full Scale
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 not required or used in this document.
Information is prn\/ir‘lar‘l should anyone desire to huild a machine
suitable for more general testing.

% 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 16 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 Calibration Fixtures

Calibration fixtures are specific to the test machine being calibrated. The design and physical attachments of the fixtures
shall be documented-in writing supparted hy necessary drawings and photagraphs

6.1.2 Calibration H
Standard reference
sensors, and funda
(NIST). There shall
the testing laborator

Reference Standards

load cells, dead weights, pressure transducers or gauges, height @auges, th
mental angle references shall be traceable to the National Institute of Standa
be current valid calibration certificates for all the calibration reference standard
s files at the time a calibration is conducted.

ermometers, speed
ds and Technology
5 used on file within

6.1.2.1 Referencq load cells used for calibration of the force and moment’components of the|[measuring systems
specified in Table 3 shall be calibrated according to a dead weight.procedure using Class |F weights (NIST HB
105-1).

6.1.2.2 Referencq pressure transducers used for calibrating the pressure measuring system shall lpe calibrated using a
hydrostati¢ calibrator.

6.1.2.3 The height gauge used for calibrating the loaded.radius transducers in Tables 3, 4, and 6|shall be accurate to
+0.025 mm (£0.0010 in) over the range of loaded radii measurable on the test machine.

6.1.2.4  Angle refgrences used for calibrating slip angle transducers and inclination angle transducers, if fitted, shall
have angylar accuracies of +0.01 degreée.or better.

6.1.3 Calibration Rrocedure

NOTE: The basic g

applicable o
6.1.3.1 Simulated
componet
represents
interactiory

oncept is presented/here. However, the example matrices for load cell interg
nly to an ideal three-force and three-moment system.

tire forceSyand moments shall be applied to the measuring system force and
ts using-fixtures involving reference load cells or optional deadweights traceable
the“calibration process. The component gains, Table 7, and the inverse
matrix, C*, are developed. Inversion of ct yields the interaction matrix, C, 1

shows the

ctions are precisely

moment measuring
to NIST. Equation 1
e of the associated
able 8. Equation 2

nractical hea of tha mateiy,  Tohla Q e tha pnite far tha camananantc Af tha 1nta

raction matrix.

Pttt o ST Ut e ot T T I gV C ot e O it o TOT i C O TP UTIC T It o OT tH T Ite

Fsen = C_lFCAL

Fact = CFsen

(Eq. 1)

(Eq. 2)
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TABLE 7 - UNITS OF FORCE AND MOMENT GAINS

Gain® Gain®
Type of Measurement S| Units USC Units
Force NSEN/NCAL IbSENIIbCAL
Moment N-mgen/N-mcal ft-lbgen/ft-IbcaL

' Offsets are handled through tare readings.

TABLE 8 - LAYOUT OF INTERACTION MATRIX C

SENSED SENSED SENSED SENSED SENSED SENSED

ACTUAL Fy Fy F, My Ts M,
Fx C11 C1? C1’% C1A C1‘-'1 C1ﬁ
Fy Cx Co Cas Cos Cus Cus
F. Ca1 Ca Cas Cas Css Css
My Cau Ca2 Cus Cus Cius Cse
Ts Cs1 Cs2 Css Css Css Css
M, Ce1 Ce2 Ces Ces Ces Ces

TABLE 9 - UNITS FOR INTERACTION MATRIX TERMS

Units Units
Sl usc Matrix Terms Matrix{Terms Matrix Terms
C11 C12 C13
NACT/NSEN IbACTIIbSEN C21 C22 C23
CSl CSZ CSS
Cu Ca Cus
N-mMact/Nsen ft-lbacr/Ibsen €s1 Cs, Css
Ce1 Ce2 Ces
Cua Cis Cis
Nact/N-mgex Ibacr/ft-lbgen Cos Cos Cas
Cas Css Css
Cua Cius Cus
N-Mact/N-mgey M2 lbacr/ft-Ibsen Csa Css Cse
CG4 CGS CGG

6.1.3.2 The pressure measuring system shall be calibrated using a hydrostatic calibrator or a| reference pressure
transducer|to détermine its gain, kPasen/kPaca. (pSisen/pSical), and offset, kPa (psi).

6.1.3.3 The loaded—Fadivs—measurng—syster—shall—be—ecalibrated—using—a—height—gadge—te—determine its gain,
Mmsen/MMecac (iNsen/incal), and offset, mm (in).

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

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

6.1.3.6 The spin angular velocity measuring system shall be calibrated using an appropriate angular velocity reference
to determine its gain, rpmsen/rpmca. and offset, rpm.
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6.1.3.7

km/hsen/km/hcar (mphsen/mpheal) and offset, km/h (mph).

6.1.3.8

The test speed sensing system shall be calibrated using an appropriate reference to determine its gain,

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 is the r
B is the offset.

M is the gain m¢g

SENSED is the magnitude of the variable, which the transducer measures.

6.2 Frequency of

The test machine sh
that more frequent ¢

6.2.1 Calibration t

Should routine operational checks conducted in accordance with Segtion 7, Preparation of Apparatus,

problem with some
the measuring syste
measurement probl
recalibrated.

6.3 Maintenance ¢
The gains, offsets,
measuring system

plotted as a functio
changes in calibratid

7. PREPARATION
7.1 Purpose

Preparation of the a

4nd calibration matrix elements shall be kept as a permanent record along with

ACTUAL = (1/M) « SENSED - (B/M)

eal magnitude of the variable.

(Eqg. 3)

asured in calibration.

Calibration

pll be calibrated at least once a year or more often should experieénce with a speg
blibrations are warranted.

b Resolve a Problem
omponent of the measuring system and routine practices do not resolve the prg

m in question shall be recalibrated before<testing continues. If the problem is
bm - indicating a need for recalibration, the entire force and moment measuri

f Calibration Records

erformance made during Calibration. The gains, offsets, and calibration matr

n or in detecting measuring system drift.

OF APPARATUS

)paratus is intended to insure that: (a) test equment meets its cal|brat|0n during

ific machine indicate

reveal an apparent
blem, that portion of
b force and moment
ng system must be

ANy observations on
X elements shall be

of time so as to develop a statistical record usable in assessing the significafce of small random

a test program and

from test program-td

ationary friction level

during the test program and from test program to test program The precrse method of preparlng the apparatus used at
each site must be contained within the written procedures of an individual test site.

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.
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7.2.1 Non-Interacting Transducer Gain Checks

The performance of the transducers listed immediately after this paragraph, which are in use at given test site, shall be
multi-point checked against a reference adequate to verify that they are still in calibration. If a transducer is no longer in
calibration (the check result is deviant by twice the expected system accuracy or more), it 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 check method is itself valid. The

results of the checks shall be retained by the test facility as a permanent time-sequenced record.

Non-Interacting Transducers to Check:
Ambient Temperature®

Inclination Angle2

Inflation Pressure®

Loaded Radius®
Slip Angle2
Spin Angular Ve
Test Speed

NOTE: The remaindler of this section lists a number of examples of what might be-/done” to verify
performancsg.

laboratory.

verify that lo
7.2.2 Force Platfo
A tire typical in size
platform at the tire’s
force measuring sy
displacement, which
If a channel of the f
system accuracy or
method shall be a w
a way to insure that|
facility as a permane

A force-m
to at leas
applying &
not be inf
calibration

7221

ocity

None of the example methods represents a procedural féquirement appl
However, each specific laboratory is required to have in use.its own written p
ad cell performance is satisfactory at the outset of a test program.

rm® Check of Force Measuring System

of the tires to be tested in the test program shall be statically loaded onto th
rated normal load capacity for rated inflationzat this load. This will allow a che
stem. With Fzratep applied, the forcexmeasuring platform shall be exerci
will induce an Fyx value equal to approximately 50% of the magnitude of Fzratep.
Drce-measuring system is no longer in‘calibration (the check result is deviant by
more), the system shall be repaired and re-calibrated prior to the start of testing
fitten procedure on file within the records of the testing company or agency. The
the force platform has itself been calibrated. The results of the checks shall be
nt time-sequenced recordy

pasuring platform shall\be capable of supporting the entire check tire footprint un
75% of the maximum magnitude measurable by the force-measuring systen
t least +75% the force-measuring systems capacity for Fx. Friction elements, su
erposed between the moving stage and the tire footprint. It shall have a veri
history.

batisfactory load cell
ing to any specific
rocedure, which will

e un-displaced force
ck of F; gain for the
sed through an X-
This checks Fy gain.
twice the expected
The precise check
method must specify
retained by the test

ler normal forces up
and be capable of
Ch as bearings, shall
fiable and traceable

! 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.

transducer.

This measurement is not used in this document. It would only be checked in the case of a machine with this

In the case of this practice, it is only necessary that the force and moment measuring platform allow checking of Fx and

F,. 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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7.2.3 Single Point Pull Check

A repeatable load is applied to the force measurement system at a fixed point and direction. This may be done either of
two ways. (1) A special spindle tip with a cable system set at an angle plus offset to the machine axis system and a
known weight may be substituted as a force and moment source in place of a force platform. Or, (2) The calibration force
can be applied using a long tie rod with a load cell on the rod axis. Application of the known force permits a quick check
of system response.

7.2.4  Control Tire Check of Force-Measuring System

This is not feasible for longitudinal force as the result confounds the behavior of the force measuring system with the test
surface-to-tire friction. In this practice, a control tire is used as described in the next section to assess test surface-to-tire

friction after either
performance.

7.3 Roadway Fric

Before the start of a
NOTE: The remaind

surface frict
each specifi

ion Before the Start of a Test Program

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

er of this section is an example procedure showing what might'be’ done to verify
on. The example procedure is not a procedural requirement applying to any I3

friction is safisfactory at the outset of a test program.

7.3.1 Example Co
A control tire typic
procedure. Control

Control Tire Selectig

ntrol Tire Check of Roadway Surface Friction

| in size to the tires to be tested in the .tesb program shall be tested accord
re selection and pre-testing (SOW 1.2.1 Final Report) is discussed in Appendi
n, Pre-Testing, Storage, and Data Analysis.

bl tire shall be tested at its rated inflation for its maximum load on a rim, which
plication of the control tire.

b roadway surface friction control test, the tire shall be conditioned as indicated in

TABGLE 10 - CONTROL TIRE CONDITIONING
FOR EXAMPLE SURFACE FRICTION CHECK

Time Speed Speed F; Fz o Y
min. km/h  mph N Ib degreesdegrees
15 48 30 Rated Rated 0 0

bntroltire as indicated in Table 11.

easurement system

atisfactory roadway
boratory. However,

C laboratory is required to have in use its own written procedure, which will verify fhat roadway surface

ing to the following
A, Surface Friction

is typically used for

Table 10.

TABLE 11 - CONTROL TIRE TEST FOR EXAMPLE SURFACE FRICTION CHECK

7.3.1.1 The contr

general af
7.3.1.2 Priorto th
7.3.1.3 Testthec
7.3.1.4

shall be pl

SpeedSpeed F; F; Slip Slip Slip Ratio
km/h mph degree degree N Ib Ratio Ratio  Rate, %/s
S S Start, % End, %
48 30 0 0 Rated Rated 0 —-80 —-80

otted versus the reference value of Fx(SR) for the control tire.

I:XCORR = (FZRated/FZmeasured) b FXmeasured

Data analysis shall begin with correction of the Fx(SR) data for any F; errors using Equation 4. The Fycorr(SR)

(Eq. 4)
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Testing may begin if the regression line slope of Fxcorr(SR) versus Fyrer(SR) is between 0.95 and 1.05 and

there is no appreciable nonlinearity (Figures 5 and 6, A Straight-Line Braking Test for Heavy-Duty Truck tires:
SAE CRP-11 are examples of unsatisfactory behavior). A surface meeting the criteria in the previous sentence
exhibits an approximately stationary friction level, and there is a reasonable probability that surface friction will
not lead to results divergent from previous results on the same surface.

Testing may not begin if the regression line slope of Fxcorr(SR) versus Fxrer(SR) is not between 0.95 and 1.05

and/or there is appreciable nonlinearity (as seen in Figures 5 and 6, from “A Straight-Line Braking test for
Heavy-Duty Truck Tires”: SAE CRP-11). In this case, the surface exhibits a non-stationary friction level and
there is a reasonable probability that surface friction differences will lead to results divergent from previous

7.3.1.5
7.3.1.6

results on
a. On an indoor m

the same surface. The following actions shall be taken:

sive surface, which

shall be broken
qguestion. Then,

For tests run ou
friction similar toj
by a graph of th
resume under th

7.4 Measuring Sy

At the beginning of €
from its calibration.

procedure on file wi
check of the particul
as a permanent tim

system be repaired and subjected to a check by the method 6f*7.2 or to a full calibration whichever is

7.5

The roadway friction

Roadway Friction Test During a Test Program

chine, the surface shall be replaced with a duplicate sample of the original abr
Lin according to the standard written procedure for surface break-in in use-g
the procedure of 7.3.1 shall be repeated to verify that surface friction is now,prop

fdoors, other locations on the test surface shall be tried using the method of 7.3
the original friction is found. Should this prove impossible, the friction achieved
e type discussed in 7.3.1.4 and through preservation of the data as“a comput
e warning that the results obtained may not be usefully comparable to previous reg

stem Check During a Test Program
This check may be done by repeating 7.2 or by a standard daily check routine wh
hin the records of the testing company or agerecy and which has been shown

Ar measuring system being used. The results/of each daily check shall be retain
b sequenced record. Should the measuring-system not pass a daily check, it ig

check of 7.3 shall be repeated:

loor facility must replace its roadway surface due to a failure, which necessitate

5 reached the end-of its documented usable life and the intent is to continue using

ble life;

track is subject to unusual weather events,

t the test facility in
erly bounded.

.1 until an area with
shall be documented
pr file. Testing may
sults.

ach operating day, the measuring system shall be chigcked to insure that the system has not deviated

ch shall be a written
to yield a valid daily
ed by the test facility
mandatory that the
more appropriate.

5 replacement of the

the surface,

pr facility has no documented usable life information within its files or is using a surface beyond its

1. Each time an in
roadway surfaceg

2. If the surface ha

3. Dalily, if an indo
documented uss

4. Each time a test

or

5.

The test track surface has been disused for a substantial time period, two weeks or more.
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The results of each check shall be retained by the test facility as a permanent time-sequenced record. Should the surface
friction check reveal that requirements of 7.3.1.5 are not met then the requirements of 7.3.1.6 become mandatory before
testing can resume.

7.5.1 Documented Usable Life

Documented usable life is the usage life for which it has been experimentally established that there is a 5% or less

change in friction coefficient. The data and analysis on which the documented usable life is based shall be part of the
permanent written records of the testing facility using a particular documented usable life along with test time and severity

tracking to establish

7.6

usable life of artificial roadway surfaces.

Measuring System at the End of a Test Program

7.2 shall be repeatedi as written at the end of testing.

7.7 Roadway Frict

ion at the End of a Test Program

7.3 shall be repeated as written at the end of testing.

7.8 Reporting of A

If the system and ro

pparatus and Surface Status During a Test Program

hdway friction remain controlled throughout the test program, a statement certifyi

required report on control. Should a loss of control occur, the testing company or agency shall issue

the problems and an

It is advised that an
for the formal report

8. SELECTION AN

8.1 Selecting Tire
The purpose of the
numerous factors bg
(SAE 810066) and {
document may be
different tires are t
approximately the s3
the same exercise h

8.2 Inflation Press

The inflation pressu

estimation of the effect of the problems on use of the’data.

deviation from control be promptly brought to‘the attention of the test purchase
before informing the customer.

D PREPARATION OF TEST TIRES
for Good Comparability
test must be carefully borie’’'in mind when selecting test tires since tire pn

revious work history (SAE 770870). Due to the many complex questions that th
sed to address, specific tire selection recommendations can only be made fg
b be compared for-pure design or materials effects. In this case, all test
me age, have been stored under essentially the identical conditions, have experi
story, and have*been sampled from production lots with similar statistical charact

ure

e-used in the test is ideally a regulated inflation pressure. The test inflation p

Lo th ok mathad-af-thic o

g control is the only
a summary report of

r rather than to wait

operties depend on

sides the tire design and ‘materials. It is especially important to properly accoumt for storage history

b test defined in this
r the case in which
tires should be of
bnced approximately
pristics.

essure may be pre-

eetier-atdws determination of

specified by the test

a realistic tire inflation pressure for use in the test.

rafactar canea-of-areh-a-crneaeifioation +
ot StCr— o riCapSCeC—orSoutmaSspetotmtator T etmot— oSS

Operating tire inflation may be tire specification dependent as

individual tire specifications may exhibit different operating temperatures and, therefore, different operating inflation
pressures in spite of having been inflated to the same cold inflation pressure prior to operation.

8.2.1 Tire Preparation for Determining Test Inflation

Mount an experimental tire for the specification to be tested on the tire and rim standards organization specified rim.
Inflate the tire to the target cold inflation pressure specified by the test requester and cap the valve. 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.
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8.2.2 Test Inflation Determination Experiment

Run the tire at inclination angle (y) = 0 degrees, slip angle (o) = 0 degrees, normal force (F,) = —(Rated Load for the target
cold inflation), and test speed (S) for 1 h. At the end of 1 h stop the test and measure the pressure in the test tire. The
pressure measured is the test inflation pressure (p), which will be used during the tire conditioning and test.

8.2.3 Comment on Experimental Efficiency
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 ptep is to raise the tire to the operating temperature associated with use atithe tgst speed (S) and to
very lightly scuff the fread in a way representative of a few miles of Interstate Highway travel.

8.3.1 Tire Prepargtion
Mount the test tire gn the tire and rim standards organization specified rim. Mounting and demounting shall be done in
accordance with thg practices specified in (OSHA 1910.177). The rim used ‘shall meet or exceefl OE specifications.
Inflate the test tire tof the test inflation pressure (p) using a pressure regulator,
8.3.2  Conditioning

Condition the test tirg in accordance with the operating sequence in Table 12.

TABLE 12 - TIRE CONDITYONING SEQUENCE

Distance Speed Koad, Pressure o ¥
Kilometers (mile) km/h (mph). "% Rated psi degrees degrees
SX1lh S 100 P 0 0

8.4 Ambient Temperature Limits

During pre-test conditioning, the ambienttemperature, T, shall be between 15 °C (59 °F) and 27 °C|(81 °F) so as to limit
temperature-induced variance in the-measured longitudinal force. The limits are based on temperatures that would
restrict lateral force fesults to a £1% band or less (SAE 770870).

8.5 Sample Size

The precise sample|size 40, test in order to determine Fyx differences between two tire specificationg at a stated level of
accuracy depends gn-the variance of the t|re samples chosen and on the testlng variability of the| test machine used.
Consequently, the prc : : , Je—complete rate in every case.
However, the method can be con3|dered to be useful as a flrst apprOX|mat|0n

8.5.1 Estimating Sample Size

Using either the CALSPAN or 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, Figure C/U1.2.2-1, Recommended
Test Sample Sizes (SOW 1.5) and The CALSPAN/UMTRI Comparison (SOW 3.0) for SOW 1.2.2 Data, SAE CRP-11).

NOTE: Though sample size estimates for the UMTRI machine are no longer directly relevant due to it being
decommissioned and no longer available for testing. However, the UMTRI sample sizes in the references
illustrate the accuracy possibly using a properly constructed over-the-road force and moment tester.
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