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Purpose—

he parameters measured according to this SAE Recommended Practice will gener
directional control performance in the linear range. (The “linear range” iscthe stea
n below which steering wheel angle can generally be considered to be'linearly re
n.) But they may be used for certain other simulations (such as primary ride motion
N characterization and comparison, suspension development and optimization, and
ata.

ment is intended to apply to passenger cars, light trucks,>and on-highway re

cles, with alterations primarily in the scale of faciliti€s)required. But some differd
assenger cars and trucks, especially heavy trucksysuch as differences in body/f
h stiffness, and suspension friction. These will be*addressed in this document or
ropriate.

-The purpose of this document is to defing\the basic design requirements for test equ
jures to be employed in measuring certain vehicle characteristics generally requireg
In addition, data processing procedures are provided so that data
s can be directly compared. The-“companion Information Report gives the ration
hded Practice, where appropriate.

pns and Limitations—The approach used to develop this document was to cq
existing technology as @mbodied in equipment and procedures currently employed fa
, the assumptions_and'limitations of those practices must be acknowledged in this dg

assumptionsstemming from this established document are:
htic-suspension characteristics (kinematic and elastic) are valid for simulation a

mparison purposes. This does not apply to shock-absorber characteristics require
e-androll damping.
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simulation and suspension comparison purposes.
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c. Kinematic and elastic suspension characteristics measured for the inertial loads and suspension-roll
angles associated with the linear range are valid for simulating vehicle behavior in the linear range.

d. Kinematic and elastic suspension characteristics associated with the linear range describe a system
which may be approximated as linear. Therefore, they may be used in simulations using the principle
of superposition and may be measured singly, with set points of other variables at zero or nominal
value.

In addition to these broad assumptions, two other assumptions related to the use of this document must be
stated. First, it is assumed that the vehicle description and preparation, as described in Section 3, will be
performed prior to any of the tests described in subsequent sections. (The procedures described in Sections 4
through 10 may be performed somewhat independently of each other, once those in Section 3 are complete.)
Second, the tTerminology o

The limitatjons associated with this document may be divided into those associated withthe uges of the final
data and the vehicle characteristics addressed. Limitations in both categories generally stem from the
limitations [of existing practices. Simulations which are not addressed are those involving latergl accelerations
beyond the linear range, free control dynamics, combined lateral and longitudinal*accelerations, accelerating
and braking performance, or oscillations of any parts of the unsprung,masses or steering system at
frequenciep above those associated with directional control. In addition, assumption 1.2b results in
experimental procedures and suspension data which is not useful for multibody simulations such as ADAMS or
DADS.

Vehicle and component characteristics which are not addressed \are those not required for dir¢ctional control
simulation|in the linear range. While this list is clearly quite long; some bear mentioning for the gonvenience of
the user of this document. These are:

a. Syspension side view kinematic properties
Syspension steer and camber compliancestresulting from longitudinal force, overturning moment, and
rolling resistance moment

Kingpin and caster offsets

CHharacteristics of fifth wheels of articulated vehicles

Raqtational inertias of wheels, tires; brakes, and driveline components

Tine force and moment characteristics (addressed in SAE J1106 and SAE J1107)

o

~0 Qo0

The first two of these may be addressed with methods analogous to those described in Sections 8 and 9.

In addition

certain other yvehicle characteristics will not be addressed due to their relative ne

associated
which will

absence of established experimental practice. Examples of less conventional ch
ot be fully-addressed are active and adaptive suspension systems, four-wheel steeri

wness and the
assis systems
ng, and speed-

sensitive
systems.

eering. "However, procedures formally discussed may well be adapted to these legs conventional
uch adaptation may be discussed when appropriate.

Character jJumptions and
limitations have not explicitly listed the vehicle characteristics which will be addressed in this document. Table
1 does this, showing the section in which each is addressed and whether it is a suspension or total vehicle
characteristic. In addition to this summary of variables measured, the list of variables for each section will be
repeated in paragraph 1 of that section, in a different format, providing expected ranges for different vehicle

types.

After reviewing Table 1, the reader may see that some of the variables listed are not directly required for vehicle
simulation or data reduction. Such a variable may have been included in Table 1 because it is required in the
documentation process or in the determination of another variable. In addition, some variables listed may be
measured very simply, precluding the need for an in-depth measurement practice or discussion thereof.
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TABLE 1—CHARACTERISTICS MEASURED

Front
Variable Section Suspension

Rear
Suspension

Total
Vehicle

Dimensional and Geometric Characteristics:
axle spread, tandem axle

dual spacing, dual axle

fifth wheel position

pintle position

roadwheel dimensions

stabilizer bar diameter

x

x

steering[wheeTl diametier
suspengjon or steering coordinates
suspengjon alignment

suspengjon trim height

tire prespure

tire tread depth

wheel track

wheelbase

O NN N NG OO I O O N N NN
X X X X X X

Vehicle and Component Weights:

=3

o

ES

@

Q

=

E
oo oo

unsprunp weight

Center df Gravity Positions:
sprung dg position

total vehjicle cg position
unsprunp cg position

o O O
X

Momentp and Products of Inertia
sprung rpass pitch moment
sprung rpass roll moment
sprung rhass yaw moment
sprung rass roll-yaw product
cle pitch moment

cle roll moment

cle yaw moment

cle roll-yaw product
mass pitch moment
mass roll moment
mass/yaw moment
mass roll-yaw product

NN NN N NN NN NN N

X X X X

X X XX X X

X X X X

X X X X X X X X

SuspensiorKinematic-Characteristies:
overall steering ratio

ride camber coefficient

ride caster coefficient

ride shock absorber travel ratio
ride steer coefficient

roll camber coefficient

roll caster coefficient

roll center height

roll shock absorber travel ratio
roll steer coefficient

0 O O © 0 0 0 0 0 0o
X X X X X X X X X X
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TABLE 1—CHARACTERISTICS MEASURED (CONTINUED)

Front Rear Total
Variable Section Suspension Suspension Vehicle

Suspension Elastic and Coulomb Friction Characteristics:

aligning moment camber coefficient 9 X X

aligning moment steer coefficient 9 X X

lateral force camber coefficient 9 X X

lateral force defl. coefficient 9 X X

lateral force steer coefficient 9 X X

ride Coulomb friction 9 X X

ride rate 9 X X

roll Coulpmb friction 9 X X

suspensjon roll rate 9 X X

wheel rgte 9 X X

Shock Apbsorber Characteristics:

bushingspring rate 10 X X

dampind coefficient 10 X X

ride danjping 10 X X

roll damping 10 X X

shock alpsorber spring rate 10 X X

Nature of Measurements—This document covers the measdrement of a broad ran
characterigtics using an equally broad range of experimental practices. This paragraph brie
nature of these experimental approaches.

rements of Sections 3 (Vehicle Description and Preparation) and 4 (Measurement

Measurement devices range from stegltapes to micrometers and are generally a
In addition, a flat, planar reference surface (bed plate) and certain specia

rement of vehicle and comp@nent weights (Section 5) and center of gravity positid
quire the direct measurement of weight or force. Scales of varying load capacity areg
nts. The measurement of center of gravity positions also requires a specialized ti
nt of angular displacement. The measurement of component weights and ce
quires some vehicle/disassembly.

rement of moments and products of inertia (Section 7) requires very specialized
ightly damped vehicle oscillations about a specified axis. These measurements are
nt of matural frequency and restoring moment(s).

rements of Section 8 (Measurement of Suspension Kinematic Characteristics)

gen

je of vehicle
ly outlines the

bf Dimensional
arying degrees
ailable in most
ized tools are
portant.

ns (Section 6)
used for these
t table and the
nter of gravity

equipment for
based on the

brally require a

er or camber

displacement. In some cases, equilibrium techniques can be used, allowing the indirect determination of a
kinematic swing center. All of the measurements require very specialized facilities for providing the suspension
or steering displacement, minimizing unwanted forces or moments, and allowing the determination of desired
displacements.
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Similarly, the measurement of suspension elastic and Coulomb friction characteristics (Section 9) generally
requires a prescribed suspension displacement (ride or roll) or an externally applied load (lateral force or
aligning moment) and the measurement of wheel displacement (linear or angular). Again, very specialized
facilities are required to provide the desired displacement or load, to minimize unwanted displacements or
loads, and to allow the determination of desired displacements. These measurements are generally made with
the tires on the vehicle; the complete rationale for this is discussed in 9.2.2 of SAE J1574-2 for Section 9,
Measurement of Suspension Elastic and Coulomb Friction Characteristics. Other brief references can be
found in SAE J1574-2 for this section, paragraph 1.5, and the Recommended Practice for Section 9, 9.2.2.

Finally, the measurement of shock-absorber characteristics (Section 10) requires specialized equipment to
stroke the shock absorber through a range of amplitudes and/or frequencies. Measurements of amplitude,
frequency,|and force are required.

In many df these measurements, equivalent, or nearly equivalent, methods may exist” Where possible,
alternativep are discussed with some indication of their relative merits.

J1574-1 and SAE J1574-2—The purpose of this paragraph is to, give the user of|this document
some insight into its structure and some suggestions for its effective use. Table1 and 1.5 have |ndicated some
of this strcture. But, for convenience and reference for the following disCussion, all of the gections of this
document

icle Description and Preparation

asurement of Dimensional and Geometric Charaeteristics

asurement of Vehicle and Component Weights

asurement of Center of Gravity Positions

asurement of Moments and Products ofInertia

asurement of Suspension Kinematic Characteristic

asurement of Suspension Elastic and Coulomb Friction Characteristics
asurement of Shock AbsorberCharacteristics

20PN A WD
ZTZTZTZTZTZTZISDO

=
>,
(72}
Q.
o
o

ment covers vehicle description, vehicle preparation, recommended testing practices, and
recommended data processing .and presentation practices for the measurements listed previously. The
companior] Information Report(SAE 1574-2) gives the background and rationale for procedurgs presented in
this documtent, if such background is appropriate. With one exception, it is written in parallel tq SAE J2174-1,
with the sgme paragraph nuumbers and titles. The two should be used together for complete understanding of
the test procedures andythe principles behind them.

Sections through- 10 are intended to provide test procedures which may be perfornped somewhat
independeptly.ofieach other, provided that the vehicle description and preparation of Section 3 are complete.
Each of thgse-seven sections is divided into the following five major paragraphs:

Variables Measured

Apparatus

Test Procedures

Data Processing and Presentation
Calibration Procedures

PoooTp

Each major paragraph may be subdivided further with decimal suffixes (e.g., 4.3.2.1).

This document will be easier to understand and use with reference to SAE J670e and SAE J1106 and SAE
J1107.
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2.1

2141

3.1

3.2

Rationale—This document has been reaffirmed to comply with the SAE 5-Year Review policy.

References

Applicable Publicationss—The following publications form a part of this specification to the extent specified

herein. Unless otherwise indicated, the latest version of SAE publications shall apply.

SAE PuBLICATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J670—Vehicle Dynamics Terminology
SAE J874—Center of Gravity Test Code

SAE J[I106—Laboratory Testing Machines for Measuring the Steady State Force and Monjent Properties

of Passenger Car Tires
SAE J[I107—Laboratory Testing Machines and Procedures for Measuring the Steady St
Moment Properties of Passenger Car Tires
SAE J[I574-2—Measurement of Vehicle and Suspension Parameters for Directional Co
Rdtionale

TIRE ANO RIM ASSOCIATION—AVvailable from Tire and Rim Association; Inc., 175 Montrose
Suite 150, Copley, OH 44321.

Tire and Rim Association Yearbook

Vehicle Déscription and Preparation
General Vehicle Description—A general vehicle deScription entails both qualitative an
information and is usually accomplished by using a standard form, designed for this purpose. 1

are presented at the end of this section. The first, Figure 1, is generally applicable to (n
passenger|vehicles and light trucks. The second; Figures 2, 3, and 4, is more specifically appl
commercigl vehicles, both articulated and non-articulated, including a trailer. Both allow for the
broad rang
may best
laboratory.

pe used as a reference for_assimpler form, more suited to vehicle types encountere

Specific Measurements—The Vvehicle definition summarized in the following description forn
addition tq a general description, various dimensions and weights whose measurement is
Sections 4 and 5. Thoseraddressed in Section 4 are generally, but not entirely, physical din
vehicle orlits parts. Those addressed in Section 5 are the static tire normal forces, amon
measuremeent of overall steering ratio is addressed in Section 8. While accurate knowledge of
ratio is generally required for directional control simulation and for data reduction of certain dir

tests, valugs far-gear ratio or C factor (rack travel for each full revolution of the pinion) are gen

ate Force and

htrol Studies—

West Avenue,

d quantitative
lwo such forms
on-articulated)
cable to heavy
jescription of a

e of vehicle types. As such, either may be more lengthy than required for a given @application and

d in a specific

ns includes, in
5 discussed in
ensions of the
j others. The
bverall steering
pctional control
erally not. It is

common practice to use nominal values for these characteristics, if available, obtained from p

art numbers or

independent sources, to more fully define the vehicle and/or check the directly measured overal

| steering ratio.
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GENERAL DEFINITION

Year Make Model Mileage
VIN Fleet No.
Body Style Body Code
Status: [ ] Production [ 1Pilot [ ] Prototype
[ ] Preprototype [ ] Development [ ] Pretest
[ ] Component [ ] Experimental
Options: [ 1 Air Cond. [ ] Power Brakes [ ] Power Stg.
MAJOR BIMENSTONS
Wheelbase mm
Friont Track mm  Rear Track
MASS
NORMAL FORCES
kg RF kg
kg RR kg
figuration: Disp. 1 Conf. _q(L4,...
Lajyout: [ ] Front [ ] Rear [ ] Transverse
Fupl: [ ] Gasoline [ ]-Diesel [ 1 Alcohol
Induction: [ ] Carburetor [ «}oFuel Inject. [ ] Turbocharged
[ ] Supercharged
POWER TRANSMISSION
Drjive Wheels: [ 1 FWD [ ] RWD [ ] Part 4W(
[ 1 Full 4WD
Transmission [ ] Manual [ ] Automatic Forward Gears
FRONT BUSPENSION
SOLIp AXLE
[ | Leaf Spring [ ] Mult. Link [ ] Track Bar Other
INDEPENDENT
[ | Uneq. A arm {+7] Strut [ ] Mult. Link Number Links
Other
SPRINGS
[ 1 Coil [ ] Torsion Bar [ ] Long. Leaf [ ] Trans. lUeaf
[ | Air Other
Material Code
STABILIZER BAR
[ | %kink Type [ ] Strap Down [ ] Tubular Diameter __ | mm
Matertat Code
SHOCK ABSORBERS
[ ]1Air Pressure __ kPa [ ] Selectable [ ] Adaptive
[ ] Active Code

FIGURE 1—VEHICLE DEFINITION
(PASSENGER VEHICLES AND LIGHT TRUCKS (NONARTICULATED))
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RIDE CONTROL

[ ] Level Control [ ] Active
REMARKS
REAR SUSPENSION
SOLID AXLE :
[ ] Leaf Spring [ ]4Link [ ] Track Bar [ ] Watt Linkage
Other
INDE ENT
[ ] Uneq. A arm [ ] Strut [ ] Mult. Link Number Links
Other
SPRINGS
[ ] Coil [ ] Torsion Bar [ ] Long. Leaf [ JTrans. [eaf
[ ] Air Other
Material Code
STABILIZER BAR
[ ] Link Type [ ] Strap Down [ ] Tubular Diameter _ | mm
Material Code
SHOCK ABSORBERS
[ 1 Air Pressure  kPa [ ] Selectable [ ] Adaptivpe
[ ] Active Code
RIDE|CONTROL
[ ] Level Control [ ] Active
REMARKS
r Type: [ ] Worm/Sector [ ] Rack and Pinion
inkage Location: [ ] Ahead of W.C. [ ] Behind W.C.
Linkage Type: [ ] Paralielogram [ ] End Take Off [ ] Ctr. Take Off
Asgist: [ ] Integral [ ] Linkage
[ Hydraulic [ ] Electric [ ] ElectrotHyd.
[*] Conventional [ ] Engine Speed [ ] Vehicle|Speed
Damper: [ ] Integral [ ] Linkage
Ratios: [ ] Linear [ ] Nonlinear
Overall :1  Gear :1  C-Factor _ | mm
Stgering Wheel Dia.: Vertical Horizontal __ |
REAR
Gear Type: [ ] Worm/Sector { ] Rack and Pinion
LinKage Location: [ ] Ahead of W.C. [ ] Behind W.C.
Linkage Type: [ T Parallelogram [ ] End Take Off [ J Ctr. Take Off
Actuation: [ ] Mechanical [ ] Hydraulic [ ] Electric
[ ] Electro-Hyd.
Displ. Reference: [ ] Front Wheels [ ] Vehicle Speed

REMARKS

FIGURE 1—VEHICLE DEFINITION
(PASSENGER VEHICLES AND LIGHT TRUCKS (NONARTICULATED)) (CONTINUED)
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BRAKES
FOUNDATION
Brand
Assist: [ ] Vacuum [ ] Hydraulic Other
Front: [ ] Disc [ ] Drum
Rear: [ ] Disc [ ] Drum
ANTI-LOCK
Brand [ ] Front [ ] Rear
REMARKS
TIRES AND WHEELS
FRONT
Br3nd Size Model Const. _ |
St3tus: [ ] Production [ ] Experimental
Type: [ ] Mud + Snow [ ] Performance Other |
Construction: [ ] Steel Radial [ ] Other Radia] [ ] Belted Bias
[ ] Bias Other
Trdad: [ ] New [ ] Half Worn [ 1 Full Worn
[ ] Shaved Depth mm
Prgssure: Pressure _ kPa [ ] Cold [ ] Hot
Rinm: Width mm Offset mm
REAR
[ ] Same as Front
Brand Size Model Const. |
Status: [ ] Production [ ] Experimental
Type: [ ] Mud + Snow [ ] Performance Other |
Construction: [ ] Steel Radial [ ] Other Radial [ ] Belted|Bias
[ ] Bias Other
Tread: [ ] New [ ] Half Worn [ ] Full Wprn
[ ] Shaved Depth mm
Pressure: Pressure _ kPa [ ] Cold [ ] Hot
Rim: Width mm Offset mm
FIGURE 1—VEHICLE DEFINITION
(PASSENGER-WEHICLES AND LIGHT TRUCKS (NONARTICULATED)) (CONTINUED)
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PART I: UNIT TRUCKS AND TRACTORS

General
Chassis Cab
Year Make Model Millage
VIN Fieet No. GVWR GCWR
Status: [ ] Production [ ]Pilot [ ] Prototype
[ T Pre-prototype [ T Development [ T Pretest
[ 1 Component [ ] Experimental
Cab Style: [ 1COE [ ] Cab Forward [ ] Genventjonal
[ ] Short Nose Conventional
Options: [ 1 Air Conditioning [ ] Other
Boady
Year Make Model ID No.
Description
Loading
Major Dimensions'
AF mm BA mm BBC mm BH mm
BL mm CE mm CH mm FH mm
FMH mm oL mm wWB mm
Mass
Tire Loads
Axle No. (from front): 1 2 3 4 5
Left Side: kg kg kg kg | kg
Right Side . kg kg kg kg | kg

! Figure 2a identifies these and other dimensions.

FIGURE 2—VEHICLE DEFINITION (UNIT AND ARTICULATED HEAVY TRUCKS)
PART I: UNIT TRUCKS AND TRACTORS

-10-
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Drivetrain
Engine
Make Model Displc Config
Fuel: [ ] Gasoline [ ] Diesel [ 1 Alcohol
Stroke: [ 1 Two Stroke [ ] Four Stroke
Induction: [ 1 Carburetor [ ] Fuel Injection [ ] Turbocharged
Power Tran$mission
Transmissior
Make Model Number of Forward Gears
[ 1 Manugl [ 1 Automatic [ 10D Range Selector
Full-Time Drijve Axles
Make Model Axle(s) No(s)
[ 1Single Speed [ 1 Two Speed [ ] Ratio(s)

[ ] Inter-axle Diff. Lock
Selectable Dyive Axles

Make Model Axle(s) No(s)

[ ]1Single Speed [ ] Two Speed Ratio(s)

[ ] Inter-axie Diff. Lock
Axles

Axle No. [(from front): 1 2 3 4

Spacing {from preceding axle (Sn)', mm:

Make:

Steering [] [] [] []
Self-Steefing: [] [] [1] []
Drive [] [] [] []
Lift: H H 3 H

! Figure 2a identifies these and other dimensions.

FIGURE 2—VEHICLE DEFINITION (UNIT AND ARTICULATED HEAVY TRUCKS)
PART 1: UNIT TRUCKS AND TRACTORS) (CONTINUED)

oy p— p— p—

-11-
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Suspension No.

Includes Axle(s) No(s):

Make: Model:

Style—Single-Axle Suspensions

Load Rating, kg:

[ ] Leaf Spring [ ]Air [ ] Lift
[ ] Othegr
Style—Multj-Axle Suspensions
[ 1 Walking Beam [ 1Four Leaf [ ]Air [ ] Torsion Bar
[ ] Other
Spring(s)
Make _| Model
[ 1 Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm ____
[ ]1Air [ ] Torsion Bar [ ] Rubber Block
[ 1Other
Remarks

SuspensiOJ\ No.

Includeq Axle(s) No(s):
Make: _| Model: Load Rating:
Style—Singfe-Axle Suspensions
[ 1 Leaf|Spring [ AAir [ 1Lift
[ 1Other
Style—Multi-Axle Suspensions
[ 1 Walking Beam [ ] Four Leaf [ 1Air [ ] Torsion Bar
[ 1Other
Spring(s)
Make Model
[ 1 Muiti-Leaf [ 1 Taper Leaf No. of Leaves Length, mm
[ ]Air [ ] Torsion Bar [ 1 Rubber Block
[ ] Other
Remarks

FIGURE 2—VEHICLE DEFINITION (UNIT AND ARTICULATED HEAVY TRUCKS)
PART 1: UNIT TRUCKS AND TRACTORS) (CONTINUED)

-12-
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Suspension No.

Includes Axle(s) No(s):

Make: Model:

Style—Single-Axle Suspensions

Load Rating, kg:

[ ]Leaf Spring [ 1Air [ ] Lift
[ ]10th
Style—Mulj-Axle Suspensions
[ 1 Walking Beam [ 1 Four Leaf [ 1Air [ ]1Torsion Ba
[ ] Other
Spring(s)
Make Model
[ 1 Multj-Leaf [ ] Taper Leaf No. of Leaves Length, mm __|
[ 1Air [ ] Torsion Bar [ 1 Rubber Block
[ ] Other
Rema

Suspensiop No.

Includeg Axle(s) No(s):

Make: _ Model: Load Rating:
Style—Single-Axle Suspensions

[ ] Leaf Spring [ JAir [ ] Lift

[ ] Other

Style—Multj-Axle Suspensions

[ 1 Walking Beam [ ]1Four Leaf [ 1Air [ ] Torsion Ba
[ ] Other
Spring(s)
Make Model
[ 1 Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ ]Air [ ] Torsion Bar [ ] Rubber Block
[ ]Other
Remarks

FIGURE 2—VEHICLE DEFINITION (UNIT AND ARTICULATED HEAVY TRUCKS)
PART 1: UNIT TRUCKS AND TRACTORS) (CONTINUED)

-13-
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Steering System

Gear Make: Gear Model:
Assist: [ ] Manual [ 1Integral Asst. [ ]Linkage Asst.
Gear Location: [ ] Frame [ ]Axle
[ 1 Ahead of WC [ 1Behind WC
Ratios: Overall: 1 Gear: 01
Pitman Steering-Arm-Length, mm

Handwhpel Dia, mm: Vertical Horizontal

Brakes
Actuation

[ 1Air
[ 1 Hydraulic [ ] Vacuum Asst. [ 1 Hydraulic Power

Wheel Brakes

Axle NoJ (from front): 1 2 3 4 5

Disc:
Drum:
Disc or Drum size:

Make:
[ 1]
(1]

oy g
[e—y—y
— p—
[y e—
p—
[y —

——p—
(S —

Wedge: [1] [1] [1] (1] []
Wedge Angle, degrees:

S-Cam: ] [] [] [] []
Slack Lgngth, mm:

Automatic Slacks: [] [] [1] [1 [1]
Air Chamber Type:

Spring Brake:
Anti-lock:

p— p—
[y —
—
[S—y S~

[1]
[1]
Anti-Lock Make: Anti-Lock Model:

p—
[N
——
[y —)

Remarks

FIGURE 2—VEHICLE DEFINITION (UNIT AND ARTICULATED HEAVY TRUCKS)
PART 1: UNIT TRUCKS AND TRACTORS) (CONTINUED)

-14-
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Tires and Wheels

Axle No. (from front):
Wheels

Make:

Spoke Style:

Disk Style:
Rim Size:

,_,,_
—_—
—
—
—_——
(S -]

— p—
—

——
[Ny —

Full Wom:
Tread Pepth, mm:
Pressure, kPa:

— e p—
[ G —y
— — —
——
2 et et
———
—

[ S —

Taken: [ ]Hotor[ ] Cold

FIGURE 2—VEHICLE DEFINITION (UNI AND ARTICULATED HEAVY TRUCKS

PART 1: UNIT TRUCKS-AND TRACTORS) (CONTINUED)
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FIGURE 2A—DIMENSIONS FOR UNIT TRUCKS AND TRACTORS
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PART li: SEMITRAILERS

General
Year Make Model Millage
VIN Fleet No. GVWR
Status: [ ] Production [ ]Pilot [ 1 Prototype
[ 1 Pre-prototype [ ] Development [ ] Pretest

[ 1 Component Experimental

[]
Body Style: - Van f }Jquid—‘Fenker—[—]—Bry—Belk—'F;nker
[ ] Flat Bed [ 1Single Drop [ ] Drop Cent
[]R [1]

Option efrigeration Other

Loading

Major Dimensions'

BH _| mm BL mm BW mm FH mm
KSB __| mm OH mm PH mm wB mm

Mass

Tire Loads

Axle Nd. (from front): 1 2 3 4 5
Left Side: kg kg kg kg
Right Side: kg kg kg kg

Axle Na. (from front): 6 7 8
Left Side: kg kg kg
Right Side: kg kg ______ kg

' Figure 3a iddntifies these.and other dimensions.

FIGURE 3—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)
PART Il: SEMITRAILERS
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Suspension No.

Includes Axle(s) No(s):

Make: Model: Load Rating, kg:

Style—Single-Axle Suspensions

[ ]Leaf Spring [ 1Air [ ]Lift
[ 1Other

Style—MultrAxle Suspensions

[ 1Walking Beam [ ]1Four Leaf [ 1Air [ ] Torsion Bar
[ ]1Othgr
Spring(s)
Make _| Model
[ 1 Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ 1Air [ ] Torsion Bar [ 1 Rubber Bloek
[ ]1Othgr
Remarks

Suspensioh No.

Include$ Axle(s) No(s):

Make: | Model: Load Rating:

Style—Single-Axle Suspensions

[ ]Leaf[Spring [ 1Air [ ]Lift
[ 1Othgr

Style—MultrAxle Suspensions

[ 1Walking Beam [ ]1Four Leaf [ 1Air [ 1 Torsion Bar
[ ]1Othgr
Spring(s)
Make Model
[ 1Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ 1Air [ 1Torsion Bar [ 1 Rubber Block
[ ] Other
Remarks

FIGURE 3—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)
PART 1l: SEMITRAILERS (CONTINUED)
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Suspension No.

Includes Axle(s) No(s):

Make: Model: Load Rating, kg:

Style—Single-Axle Suspensions

[ ] Leaf Spring [ 1Air [ ]Lift
[ ]Other

Style—MulJi-Axle Suspensions

[ 1Walking Beam [ 1Four Leaf [ 1Air [ ] Torsion Bar
[ ]1Other
Spring(s)
Make | Model
[ 1 Mulfi-Leaf [ ] Taper Leaf No. of Leaves Length, mm __|
[ 1Air [ 1Torsion Bar [ 1 Rubber Block
[ ]1Other
Remarks

Suspensign No.

Includegs Axle(s) No(s):

Make: | Model: Load Rating:

Style—Single-Axle Suspensions

[ 1Leaf Spring [ 1Air [ 1Lift
[ ]1Other

Style—Mulli-Axle Suspensions

[ 1 Walking Beam [ 1Four Leaf [ 1Air [ 1Torsion Bar
[ ]1Other
Spring(s)
Make Model
[ 1Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ 1AIr [ 1 Torsion Bar [ 1 Rubber Block
[ 1Other
Remarks

FIGURE 3—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)
PART 1l: SEMITRAILERS (CONTINUED)
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PART lll: CONVERTER DOLLIES

General

Year

VIN

Status:

Style:

Make

Model Millage

Fleet No.
[ ]Production
[ ] Pre-prototype

[ ] Component
[] A_ Dnu}ll

GVWR
[ 1Pilot
[ ] Development

[ 1 Experimental
[] I

[ ]Prototype
[ 1Pretest

Major Dimepsions

AF

mm

Mass

Tire Loads

Axle No|

Left Sid

(from front):

| S |
Other

OL mm

WB mm FH

A4

Right Side:

Axles

Axle No|

(from front):

Spacing from pintle

hitch or

preceding

axle (S3)', mm:

Make:
Model:
Load ra
Axle wi
Track
Dual sp
Self-ste

ing, kg:

th (AW)', mm:
dth (TW)', mm:
heing (DS)', mm:
Bring:

[] 1]

' Figure 4a ideptifies thesé and other dimensions.

[]

FIGURE 4—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)

PART 1ll: CONVERTER DOLLIES

mm
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Suspension

Make: Model: Load Rating:

Style—Single-Axle Suspensions

[ 1Leaf Spring [ 1Air [ ]Lift
[ 1Other

Style—Multi-Axle Suspensions

[ 1Walking Beam [ 1Four Leaf [ 1Air [ ] Torsion Bar
[ 1Other

Spring(s)

Make | Model

[ 1 Mulfi-Leaf [ 1 Taper Leaf No. of Leaves Length, mm ___|
[ 1Air [ ] Torsion Bar [ 1 Rubber Block

[ ]1Other

Remarks

Brakes
Actuation

[ 1Air
[ 1Hydraulic [ 1 Vacuum Asst. [~] Hydraulic Power

Wheel Brakes

Axle No. (from front): 1 2
Make:
Disc:
Drum:
Disc ol drum size:
Wedge: [1] [1]
Wedgd angle, degrees:
S-Camy. [] [1]
Slack Iength, mmg
Automatic slacks: [] []
Air chamber type:

z [] []

Anti-lo¢k:
Anti-Lock Make: Anti-Lock Model:

- ——
—
——
[ —]

Remarks

FIGURE 4—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)
PART Ill: CONVERTER DOLLIES (CONTINUED)
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Tires and Wheels

Axle No. (from front):
Wheels

Make:

Spoke style:

Disk style:
Rim size:

——
[y —
~——
[N —
——
—

Tires

Make:
Model:
Size and logd range:
Tread style
Tread condjtion:
New:
Half wo
Full worn:
Tread depth, mm:
Pressure, KPa:

Taken: [ ]Hotor[ ] Cold

,_,,_,,_,
[
gy p—
—_— e
— e

FIGURE 4—VEHICLE DEFINITION{HEAVY TRUCKS—UNITS AND ARTICULATHD)

PART Ill: CONVERTER DOLLIES (CONTINUED)
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FIGURE 4A—DIMENSIONS FOR CONVERTER DOLLIES
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P : F AILE
General
Year Make Model Millage
VIN Fleet No. GVWR
Status: [ 1Production [ 1Pilot [ ] Prototype
[ ]1Pre-prototype [ 1 Development [ ]Pretest
[ ] Component [ ]1Experimental
Body Style: [ 1Van [ 1Liquid Tanker [1Dry Bulk Tapker
[ 1Flat Bed [ 1Single Drop [ 1Drop Cente
Optiops: [ 1 Refrigeration Other:
Loading
Major Dirpensions'
AF mm BH mm BL mm BW mm
FH mm KPS mm OH mm PH mm
wB mm WBD mm
Mass
Tire Loads
Axle No. (from front): 1 2 3 4 5
Left Side: kg kg kg kg | kg
Right|Side: kg kg kg kg | kg
Axle No. (from front): 6 7 8
Left Side: kg kg kg
Right [Side: kg kg kg
' Figure 5a identifies these @nd-other dimensions.
RIGURE 5—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)

DAL 1IN/ Lo AL e
rAnt I1v., TULL TRAILCEROS
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FIGURE 5—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)

PART IV: FULL TRAILERS (CONTINUED)
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Suspension No.

Includes Axle(s) No(s):

Make: Model: Load Rating, kg:

Style—Single-Axle Suspensions

[ ]1Leaf Spring [ 1Air [ 1Lift
[ ]1Other

Style—MultitAxle Suspensions

[ 1Walking Beam [ 1Four Leaf [ 1Air [ 1 Torsion Bar
[ 10th
Spring(s)
Make _| Model
[ 1MultitLeaf [ 1Taper Leaf No. of Leaves Length, mm __|
[ 1Air [ ] Torsion Bar [ 1 Rubber Block
[ ]1Other
Remarks

Suspensioh No.

Includeg Axle(s) No(s):

Make: | Model: Load Rating:

Style—Single-Axle Suspensions

[ 1Leaf|Spring [ 1Air [ 1Lift
[ ]1Othegr

Style—MultitAxle Suspensions

[ 1WalKing Beam [ 1Four Leaf [ 1Air [ 1 Torsion Bar
[ ]1Othdr
Spring(s)
Make Model ‘
[ 1 Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ 1Air [ ] Torsion Bar [ 1 Rubber Block
[ 1Other
Remarks

FIGURE 5—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)
PART IV: FULL TRAILERS (CONTINUED)
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Suspension

Includes Axle(s) No(s):

Make:

No.

Model:

Style—Single-Axle Suspensions

[ 1Leaf Spring

[ ]1Other

[ ]Air

Load Rating, kg:

[ ]Lift.

Style—Multi-Axle Suspensions

[ 1Walki
[ 1Other

g Beam

[ 1Four Leaf

[ 1Air

[ 1Tersion Bar

Spring(s)

Make

[ ] Muiti-l
[ 1Air
[ ]1Other

| eaf

Model

[ ] Taper Leaf
[ ] Torsion Bar

No. of Leaves
[ 1 Rubber Block

Length, mm __|

Remarks

Suspension

Includes

No.

Axle(s) No(s):

Make: _| Model: Load Rating:
Style—Singler-Axle Suspensions
[ ]1Leaf Spring [ 1 Air [ ]Lift
[ ]1Other
Style—Multi-f\xle Suspensions
[ 1Walking Beam [ ] Four Leaf [ 1Air [ ] Torsion Bar
[ ]1Other
Spring(s)
Make Model .
[ 1Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ 1Air [ 1 Torsion Bar [ 1 Rubber Block
[ ]1Other
Remarks

FIGURE 5—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)

PART IV: FULL TRAILERS (CONTINUED)
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3.3 Vehicle Preparation—Preparation of the vehicle for most of the tests described in subsequent sections
requires certain procedures. Those required for most tests are listed as follows. Others specifically required

41

4.2

421

for a certai

a.

n test will be discussed in the appropriate section.

identification.

b.

Remove significant accumulations of dirt or mud. Clean parts requiring measurement or detailed

Qualitatively determine that the vehicle represents design (e.g., OE) or a predetermined out-of-

specification condition. This applies to option content, hardware configuration, and proper assembly of
chassis parts.

which might affect vehicle performance or safety, as applicable. Replace as required.

Inspect all suspension and steering components for integrity and wear state. Measure state of wear

Measure

Variables
be docum
dynamics

configurati
transmissi
variable.

In the des|
Table 2 sh

Apparatu

GENERAL
are disc
requiren]

Most of
specializ
simply e

Sdt tire pressures to manufacturer's recommended cold pressures (at 21 °C room ten
20/ kPa, to reflect warm-up effects, or predetermined out-of-specification values.

CHeck all fluid levels (coolant, fuel, lubricants). Fill as required.

St suspension alignment to manufacturer's recommended settings orn\predete
spEcification settings.

Degtermine suspension trim heights at curb loading, if manufacturer's specifications for t
avhilable.
bajlast the vehicle to proper tire normal forces or to proper suspension trim heightg.
addressed in 3.1 (Vehicle Preparation) of each section.

In the measurements discussed in subsequent sections, it may be more

ent of Dimensional and Geometric Characteristics

Measured—As discussed in Section 3, there are;a.number of vehicle characteristic
bnted to fully define a test vehicle, either for futdre reference or for direct applics
simulations. Many of these characteristics-are qualitative, involving only notation
bn of certain components or the presence of certain options (power steer
bn). Others require measurement. They are shown in Table 2, with approximate r

gn of apparatus for measurements discussed in other sections of the document,
buld be used as the references-for all size accommodation issues.

B
issed in 4.2.3%and Table 3. These comments are intended to outline the genera
ents for these-tools, focusing on those of a specialized nature.

these’,measurements require only the determination of linear dimensions and

hperature) plus

'mined out-of-

rim heights are
appropriate to
This will be

5 which should
tion to vehicle
of the size or
ng, automatic
hnges for each

the ranges of

PERFORMANCE REQUIREMENTS—Specific accuracy requirements for the measurenment apparatus

| performance

do not require

ed test’apparatus. General performance requirements for most of these measurem

nt devices are

ncompassed in the measurement accuracy requirements of 4.2.3. But two specialized facilities are

required for certain of the measurements. These are a precision surface plate and a wheel alignment facility,
discussed as follows.

The precision surface plate, usually referred to as a “bed plate,” is required for measurements made in the
vertical direction, specifically suspension or steering system coordinates or suspension trim heights. These
measurements are sensitive to surface level and planarity. The measurements made in the horizontal
direction are not particularly sensitive to surface level and planarity. For most production suspensions, the
centers of tire contact move horizontally only a small fraction of any vertical movement, thereby making
horizontal measurements involving the centers of tire contact relatively insensitive to the test surface.

Specific

requirements for level and planarity of surface plates are given in 4.2.3.
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TABLE 2—VARIABLES MEASURED

Vehicle
Variable Type Range
Linear Dimensions:
axle spread 2,3 1200 to 1400 mm
dual spacing 2,3 315 to 330 mm
fifth wheel height 2 1000 to 1400 mm
fifth wheel to rear axle centerline 2 0 to 650 mm
tfifthrwheetoffset)
pintle height 2,3 800 to 1100 mm
pintle overhang 2,3 700 to 2700 mm
roadwheel diameter 1 12.0t0 17.0in
2,3 15.0t0 24.5in
roadwheel offset 1 -150 to 150 mm
2,3 -180 to 180\mm
roadwheel width 1 40t 100 in
2,3 6:01t014.0 in
stabilizer bar diameter 1 Q to 40 mm
2 0to 50 mm
3 0to 50 mm
steering wheel diameter 1 300 to 400 mm
2 500 to 600 mm
suspension or steering coordinates 1 100 to 1000 mm
2,3 200 to 1000 mm
suspension trim heights 0 to 500 mm
2,3 0 to 1000 mm
tire tread depth (new) 5to 10 mm
2,3 10 to 20 mm
wheelbase 1 2100 to 3500 mm
2 3100 to 7000 mm
3 5600 to 12 500 mm
wheel track 1 1100 to 1900 mm
2,3 1700 to 2200 mm
Suspension Alignment Values:
camber 1 -2.0 to 2.0 degrees
2,3 -0.2 t0 2.0 degrees
caster 1 0.0 to 10.0 degrees
2 1.0 to 5.0 degrees
toe-in (per wheel) 123 0.0t0 1.0 degrees
Other:
tire pressure (cold) 1 140 to 725 kPa
2,3 300 to 950 kPa

Vehicle Type: 1 = passenger vehicles and light trucks

2 = heavy trucks

3 = commercial trailers

-36-
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TABLE 3—TRANSDUCER REQUIREMENTS

Type of Typical Veh. (1)Accuracy
Variable Transducer Transducer Type Percent Absolute
axle spread linear disp. steel tape 2,3 +0.2
dual spacing linear disp. steel tape 2,3 +0.2
fifth wheel to rear linear disp. steel tape 2 +0.2
axle centerline
pintle height linear disp. steel tape , 0
pintte-overhang——tinear-disp: steettape 2:3 +6-2
oadwheel diameter linear disp. rim disk tape 1,2,3 0
oadwheel offset linear disp. steel scale 1,2,3 +0.5 +0.2 fam
oadwheel width linear disp. steel scale, 1,2,3 +0.5
inside caliper
ptabilizer bar dia. linear disp. vernier caliper, 1,2,3 +0.2
micrometer
pteering wheel dia. linear disp. steel tape, 1,2,3 +0.2
steel scale
susp. or steering linear disp. vernier scale, 1,2,3 +0.2 +0.5 mm
coordinates CMM
suspension trim linear disp. steel tape, 12,3 +0.2 +0.5 mm
heights vernier scale,
CMM
ire tread depth linear disp. tread depth gage 1,2,3 +5.0 +0.2 mm
Wheelbase linear disp. steel tape 1,2,3 +0.2
Wheel track linear disp. steel tape 1,2,3 +0.2
camber angular disp. alignment facility 1,2,3 +5.0 +0.05 degrees
Caster angular disp. alignment facility 1,2,3 +10.0 +0.50 degrees
oe-in (per wheel) angular disp. alignment facility 1,2,3 +10.0 +0.02 degrees
ire pressure pressure pressure gage 1,2,3 +0.5

Vehicle Type:
1 = passenger vehicles and light trucks
2 = heavy trucks
3 =-eommercial trailers

1. Measurement accuracy, as a percentage of actual reading, should be no worse than that listed.
For those variables which may have values near zero, absolute measurement accuracy should
be no worse than the absolute value shown.
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422

423

The need to measure suspension alignment values usually arises from the need to document the test vehicle
or verify that it meets design intent. Camber can be measured with a precision inclinometer and a vertical
reference. However, standard and more convenient practice for this and the measurement of caster and toe-
in is the use of a commercial wheel alignment facility. This approach also allows the effects of wheel lateral
runout to be conveniently removed. These measurements should be made to the level of accuracy stated in
Table 3. (In some cases, specifically requested alignment accuracy may be more stringent than these.)
Commercial wheel alignment equipment, properly maintained and calibrated, is usually sufficiently accurate
for this purpose.

GENERAL CONFIGURATIONS—Transducers for the measurement of linear dimensions are those found in most
industrial laboratories or shops. Most linear measurements discussed in this Section can be made with a
flexible steel tape. In some cases, a plumb line or level may be helpful in obtaining the projectipn from a point
in question. Dimensions of parts can be determined with either calipers and a precision $cale or with a
micrometer. Tire tread depth is most conveniently determined with a tread depth gagé:\Fhis is a specialized
internal glepth gage proportioned and calibrated for this function.

The megasurement of suspension or steering coordinates usually requires more specialiZ
Traditionpl methods rely on the surface plate as a vertical position referenGe’and a designat
vehicle, $uch as the front axle centerline, as the horizontal reference. Vertical measurements
adjustable pointers and vernier scales. An additional, small surface plate is helpfu
measurgments are made with flexible steel tapes on the surface plate. The horizonta
compongnt is established with a plumb line. In laboratories whefr&.such measurements are m
the tradifional methods are too time consuming. Computerized coordinate measurement mag

ed equipment.
bd point on the
are made with
I.  Horizontal

position of a
ade frequently,
hines (CMMs),

or theodplites relying on computerized triangulation, are preferable tools in such cases.

Surface plates are commercially available and may be’ simple or complex in their design gnd installation.
They arg often made of steel and may have grooves designed for attaching other test apparatlis. But, for this
discussion, such details are not particularly significant and a surface plate will simply be ddfined as a flat,
essentially undeformable surface meeting thé requirements of 4.2.3. Wheel alignment fagilities are also
commergially available and vary widely in.configuration. They provide for support of the vehicle on its tires
on level,|[coplanar supports, which may-be adjusted to accommodate different wheelbases anfd wheel tracks.
Supportg for the tires of an axle allow-steer and track change with minimal friction. Variolls methods for
transduding steer and camber, often_optical, are used by different manufacturers.

Tire pregsure is determined with' a tire pressure gage, with a range appropriate for the pressuges in question.

PERFORMIANCE REQUIREMENTS—Since most of the tools required for these measurements are transducers,
the perfgrmance requirements for each can be summarized by the expected magnitude of thg variable to be
measurgd and the\required accuracy to which it must be measured. The expected magnitudgs are shown in
Table 2. | (Experience at a given laboratory may indicate ranges of variables smaller than thgse of Table 2.)
The required;accuracy for each variable is shown in Table 3.

Performance requirements for the bed plate are encompassed by specifications for level and planarity,
assuming that the plate is essentially rigid and large enough for the vehicles in question. The plate should be
level within +0.05 degree and should be planar within +0.5 mm over its area.
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4.3 Test Procedures

4.3.1

VEHICLE PREPARATION—Prepare the vehicle in accordance with the guidelines of Section 3 (see 3.3).

(Determination of wheel alignment and tire pressure are covered as follows.) For the measurements of this
section, it should be set to curb suspension trim heights. Curb trim heights should be obtained from the
vehicle manufacturer's literature (owner's manual or shop manual). They most uniquely define suspension
trim heights if expressed as a dimension between a point on the suspension and another point on the sprung
mass near the suspension. However, they may also be expressed as a dimension between a point on the

sprung mass and the ground plane. The former should be used when possible.

In certain cases (e.g.,

special request), it may be necessary to ballast or remove parts from the vehicle to achieve different,
predefined, trim heights.

4.3.2

4.3.2.1

To deteérmine these dimensions:

a.

TEST PR

Measdrement of Linear Dimensions—For the purposes of this discussion, measuremen
dimen
plate gnd those which do not. In the latter category are: roadwheel dimensions, stabilize
steerirl]g wheel diameter, and tire tread depth. The remainder, and majority, do require a su
will be
measyrements in the order of Tables 2 and 3.

DCEDURES

sions listed in Table 2 or 3 can be divided into those which require that the vehicle b

addressed first. Order of measurement is not important so the ‘procedures as follo

Drjve or roll the vehicle onto the bed plate. Return the steering to the straight ahead p

the vehicle forward and backward at least one tire.eircumference each way to removs
tugning or handling on wheel tracks and suspension trim heights.

Bdllast and/or remove mass from vehicle to obtain desired curb suspension trim heights.

Rgpeat rolling process again and recheck-rim heights. Repeat until desired trim height
within manufacturer's tolerances.

Measure axle spread horizontally between the wheel centers of all tandem axle suspen
values on opposite sides of a suspension.

Measure dual spacing horizontally between the centers of tire contact of all dual axles.
on|opposite sides of an axle.

Measure the horizontal distance between the tractor fifth-wheel pivot and the center of t
theg center of the axle spread).

Measure the (three) coordinates of any steering or suspension points desired. Measu
with an established. coordinate system and record the origin and axes of this system.
on|opposite sides of the vehicle.

t of the linear
e on a surface
I bar diameter,
rface plate and
vs will address

osition and roll
any effects of

p

S are obtained,
sions. Average
\verage values
he rear axle (at

re consistently
\verage values

Measure the_suspension trim heights established in 4.3.2.1¢ to the accuracy requiremgnts of Table 3.

Averagervalues on opposite sides of the vehicle.
Measurethe wheelbase horizontally between wheel centers (or to the center of the

axle spread).

Average values on opposite sides of the vehicle.

Measure wheel tracks horizontally between centers of tire contact on each axle.
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4.32.2

4.3.2.3

4.4

The measurement of the remaining linear dimensions does not require that the vehicle be on a surface

plate.

However, it may be convenient to leave it there if this has been done.

dimensions:

a.

Measdrement of Wheel Alignment—Mount the test vehicle on the alignment facility ac
manufacturer's recommendations. Check the suspension trim heights again and ballast as
the ste
values|

Measyrement of Tire Pressure—Measure tire pressure under “cold” conditions, which mq
room temperature (21 °C). Prior to measurement, vehicle (and tires) should be allowed to
to this|temperature. This is most conyeniently accomplished by measuring pressure after
linear
recommended values.

Calibration Procedures—Measurement devices discussed
maintained, and calibrated(to, provide the accuracy outlined in 4.2. Generally, any laborato
tapes, scales, or micrometers will have sufficient inherent accuracy without periodic calibration.
may be compared to a/higher standard if such questions arise. Suspension alignment equipn
installed and calibrated according to the manufacturer. Camber and toe-in may be calibrated
inclinometé¢r or protractor. Tire pressure gages are available in a wide range of accuracy. All s
calibrated
calibrated

Common practice is to not measure roadwheel diameter, but rather to use the nominal

To determine these

value from the

tire size. If there are reasons to actually make this measurement, the wheel should be removed from
the vehicle and the tire from the wheel for the measurement. The measurement should be made in

accordance with the guidelines of the Tire and Rim Association Yearbook.
Measure roadwheel offset with the tire removed.

It should be measured parallel to the spin axis

between the wheel and mounting planes. Record the direction of the offset (wheel plane inside or

outside of mounting plane) as well.

A true reference surface, usually a steel plate, allows direct

measurement of offset with scales or calipers. Half of the external wheel width, g
hejght of the mounting surface above the reference plate, gives the offset.
Measure roadwheel width with the tire removed.
parallel to the spin axis, in accordance with the guidelines of the Tire and RimjAssociat
Measure stabilizer bar diameter at least three locations along the center,’ torsiona
average the readings.

Measure steering wheel diameter (to the outside of the rim) horizontally and vertically a|
values.

Measure tire tread depth at crown and shoulders of tire at two.circumferential locat
180 degrees apart. Measure to the groove bottoms, avoiding._the treadwear indicator
the six readings.

If required, adjust to manufacturer's recommended values.

dimensions discussed previeusly. If required, pressures should be adjusted to

in the last section should |

with>a” dead weight laboratory gage calibration device or compared periodically]

mpared to the

It should be measured between thhe bead seats,

on Yearbook.
, section, and

nd average the
ons which are

bars. Average

cording to the
required. Lock

ering wheel in the straight ahead position.and measure camber, caster (if applicable), and toe-in

ans at normal
ully equilibrate
measuring the
manufacturer's

be purchased,
y quality steel
However, they
nent should be
vith a precision
hould be either
to a properly

eference gage.
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5.1

Measurement of Vehicle and Component Weights

Variables Measured—Certain vehicle and component weights should be measured to document the test
vehicle and to provide information for simulation or comparison. In addition, the determination of the horizontal
position of the vehicle's center of gravity, discussed in the next section of this document, generally requires

knowledge

of the vertical ground reaction force at each center of tire contact. (This will be

referred to as

“normal force” and generally treated as a scalar quantity, assumed positive.) Measurement of these individual
loads will be addressed here, to avoid redundancy. The requirement to measure each of these loads is
discussed further in 5.1 of SAE J1574-2.

The variables to be measured fall into the broad categories of total vehicle weight (sum of tire normal forces),

unsprung
shows app
for individu
force” will

to be mad
vehicle pay

In the des
Table 4 sh

veight (of each suspension), and sprung weight (total minus total of unsprung wei
roximate expected ranges for these weights, at curb loading condition. In addition,e
al tire normal forces are shown as an aid in scale selection. (For tandem axles;\the te
pe assumed to represent the sum of tire normal forces at the end of an axley)’ If mes
b at higher loading conditions, the total and sprung weights should be increased b
load.

gn of apparatus for measurements discussed in other sections)of this document,
buld be used as the references for all load accommodation issues.

TABLE 4—VARIABLES MEASURED

ghts). Table 4
pected ranges
rm “tire normal
surements are
y the expected

the ranges of

Vehicle
Variable Type Range
Primary:
front tire normal force(") 1 1400 to 6500 N
2 10 000 to 25 000 N
3 5700 to 15 000 N
rear tire normal force(") 1 1400 to 6500 N
2 10 000 to 25 000 N
3 5700 to 15 000 N
fropt.unsprung weight 1 400 to 1800 N
2 4300 to 6400 N
rear unsprung weight 1 400 to 1800 N
2,3 7800 to 13 000 N
Derived:
sprung weight 1 7200 to 17 000 N
2 38 000 to 62 000 N
3 13 000 to 42 000 N
total vehicle weight 1 8000 to 20 000 N
2 50 000 to 80 000 N
3 25 000 to 60 000 N

1. For tandem axle suspensions, properties are defined for
each side of the entire suspension. For dual tire axles,
properties are similarly defined for each side of the suspen-
sion and therefore for each pair of tires.

Vehicle Type:
1 = passenger vehicles and light trucks
2 = heavy trucks
3 = commercial trailers
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5.2 Apparatus

5.2.1

5.2.2

5.2.3

GENERAL PERFORMANCE REQUIREMENTS—Determination of horizontal center of gravity position generally
requires the measurement of individual tire normal forces. Assuming this is done, scales must be capable of
measuring the tire normal forces shown in Table 4 and accommodating suspensions or suspension parts
having the weights shown in Table 4. These measurements must meet the accuracy requirements of Tables
5a and 5b, as well. Generally, these accuracy requirements require at least a second set of scales to
measure unsprung weights. (Experience at a given laboratory may indicate ranges of variables smaller than
those of Table 4.)

GENERAL_CONFIGURATIONS—Scale configuration is minimally defined by the tire hormal force and component

weight r3
use and
onto the
generally

nges of Table 4 and the size requirements of Table 2. However, practical considerations of ease of

cost significantly influence scale configuration. Ramps are sometimes used for.driy
scale(s), but laboratories which must measure the weights (tire normal forces) of
use scales which are flush with the floor or approach roadway, allowingythe vehid

driven o and off the scale.

In measuiring tire normal forces, if a single, small scale is used, either the stale or vehicle mu

that the

readings
These rg
must prd

impaired.

Commor
tire normj

normal force of each tire or tandem pair can be measured successively. If multiple s
can be taken simultaneously. In either case, the tire support ‘surfaces must be copl
quirements are given in 5.2.3 and discussed in 5.2.3 of SAE_Y1574-2 for this section.
vide for proper positioning of the vehicle's tire(s) on-the scales such that scale 4

Scale readout mechanisms are generally determined by convenience and cost
approaches are large, analog gages or digital meters, often with automatic printoy
al forces.

Scales for suspensions and suspension parts should*be chosen according to the size of the

ing the vehicle
many vehicles
le to be easily

5t be moved so
tales are used,
anar and level.

Such scale(s)
ccuracy is not
considerations.
ts of individual

parts, the load

ranges gf Table 4, and the accuracy requirements-of Tables 5a and 5b.

Many types of scales exist for measuring(static weight. They will not be discussed in any detail in this
document. Basic types utilize mechanigal, hydraulic, or pneumatic balance, or elastic transducers.
PERFORMANCE REQUIREMENTS—OVverall measurement accuracy requirements for the variables of Table 4,

with the
transdud
are also

addition of longitudinal and lateral weight distribution, are shown in Table 5a. §
er) accuracy requirements are shown in Table 5b. In addition, requirements for leve
shown. Lack of Iével'and planarity can affect apparent total weight, individual tire nor

horizontal position of the.vehicle center of gravity. As a result, overall measurement accurac

than the
overall m

scale accuraey: Overall accuracy requirements and the effects of scale error, level, a
easurement accuracy are discussed in 5.2.3 of SAE J1574-2.

cale (the only
| and planarity
mal forces, and
y will be worse
nd planarity on

5.3 Test Prochures

5.3.1

VEHICLE PREPARATION—Refer to 3.3 for general vehicle preparation.
appropriate axle loads, if necessary.

The vehicle should be ballasted to
These may be the manufacturer's curb axle loads or other,

predetermined axle loads. Ballast should be centered laterally, unless a specific loading condition is being
simulated. The resultant changes in suspension trim height, if small, will not affect the horizontal position of
the vehicle's center of gravity.
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TABLE 5A—MEASUREMENT ACCURACY REQUIREMENTS

Vehicle MAccuracy
Variable Type Percent Absolute

Primary:

front tire normal force 1,2,3 +1.0
rear tire normal force 1,2,3 +1.0
front unsprung weight 1,2,3 +0.2
rear unsprung weight 1,2,3 +0.2
Derivea:

sprung weight 1,2,3 +0.2
total vehicle weight 1,2,3 +0.2
longitudinal weight distribution 1,2,3 +0.2
lateral weight distribution 1,2,3 +0.2

1. Measurement accuracy, as a percentage of actual reading, should be
no worse than that listed. For those variables which may have values
near zero, absolute measurement accuracy should be no worse than

the absolute value shown.

Vehicle Type:

1 = passenger vehicles and light trucks

2 = heavy trucks
3 = commercial trailers

TABLE 5B—TRANSDUCER . ACCURACY REQUIREMENTS

Type of Typical veh. (MAccuracy
Variable Transducer Transducer Type Percent Absolute
front tire normal force scale 1,2,3 +0.2
force
flear tire normal force scale 1,2,3 +0.2
force
front unsprung weight force scale 1,2,3 +0.2
flear unsprung weight force scale 1,2,3 +0.2
cale level, side view 1,2,3 +0.2 degree
cale level, frontview 1,2,3 +0.2 degree
cale planarity 1 +2.0 mm
2,3 +5.0 mm

1. \Measurement accuracy, as a percentage of actual reading, should be no worse than that listed.
For those variables which may have values near zero, absolute measurement accuracy should

be no worse than the absolute value shown.

Vehicle Type:1 = passenger vehicles and light trucks

2 = heavy trucks
3 = commercial trailers
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5.3.2 TEST PROCEDURES

he appropriate

r axle loads as

5.3.2.1 Measurement of Total Vehicle Weight—The following steps should be followed in measuring the total
vehicle weight:
a. Check functioning of the scales, and set or record zero as required.
b. Position vehicle on the scale(s), and record scale reactions.
c. Determine tire or axle loads, or total vehicle weight, as appropriate, by correcting scale reactions with
the scale zeros.
5.32.2 Measurement of Vehicle Component Weights—To measure the vehicle unsprung weights, each must be
removed from the vehicle and weighed separately. This involves the following steps:
a. Rgmove suspension components to be measured from the vehicle. Fasteners and-bushings attaching
parts to the sprung mass should be set aside and all others loosely mounted on t
components.
b. Clgan components and remove extraneous material.
c. Check functioning of the scale, and set or record zero as required.
d. Place each component on the scale and record scale reaction.
e. Caqrrect scale reaction with the scale zero.
f. Rgpeat steps a through e for other vehicle components of intetest.
5.4 Data Procpssing and Presentation
5.4.1 DETERMINATION OF TOTAL VEHICLE WEIGHT—Determine the-total vehicle weight by adding tire g
required
5.4.2 DETERMINATION OF UNSPRUNG WEIGHTS—Determine each suspension's unsprung weight py adding the
weight df all unsprung parts of that suspension. Use all or half of the weight of each

543

5.5

5.5.1

6.1

accordamce with the discussion of 5.3.2.2,.0f 'SAE J1574-2.

DETERMI
unsprun

Calibratio
CALIBRAT

referenc
include t

NATION OF VEHICLE SPRUNG WEIGHT—Determine the sprung weight by subtractin
) weights from the total vehicle weight.

h Procedures
[ION OF WEIGHT\SCALES—Calibrate the scales with dead weights which are suffic

b standardsdn-accuracy to ensure test accuracy consistent with that of Table 5. The
ne range of values of the components to be measured.

Measuren[ent of Center of Gravity Positions

component, in

g the sum of

iently close to
weights should

Variables Measured—Variables measured are total vehicle and unsprung mass center of gravity (cg)
positions. From these, the sprung mass cg position can be calculated. Total vehicle cg horizontal position is
determined from individual tire normal forces, whose measurement is discussed in Section 5.

The vehicle total center of gravity location is referenced to the following mutually perpendicular reference

planes:

a. XY Plane—The horizontal plane on which the vehicle rests without penetration (the road plane)
b. XZ Plane—The vehicle longitudinal plane of symmetry
c. YZ Plane—A transverse vertical plane through the front axle centerline (fifth wheel mount center for

co

mmercial trailers)

-44-



https://saenorm.com/api/?name=ec68275b32d92b5f04e3e8a024380086

SAE J1574-1 Reaffirmed MAY2005

The following positive coordinates will be recognized:

a. X—Longitudinal distance behind the YZ plane (Note that this is inconsistent with SAE and ISO sign
conventions but is expedient, along with the definition of the YZ plane, above.)

b. Y—Lateral distance to the right of the XZ plane

c. Z—Height above the XY plane

The unsprung mass component parts cg locations are reported as described previously or by optional use of a
local coordinate system with X coordinate referenced to the axle centerline and Y and Z coordinates as defined
previously. Table 6 gives typical values for the variables measured, at curb loading condition.

TABLE 6—VARIABLES MEASURED
Vehicle
Variables Type Range
Primary:
table angle 1 0 to 25 degrees
2,3 0 to 15 degrees
table restoring moment 1 0 to 6000\N-m
2,3 0,t0'80 000 N-m
unsprung mass cg x position 1 =100 to 100 mm
(local coordinates) 2,3 =200 to 200 mm
unsprung mass cg y position 1 -5to5mm
2 —20 to 20 mm
3 —10to 10 mm
unsprung mass cg z position 1 250 to 450 mm
2,3 375 to 575 mm
vehicle lateral displacement (tilted) 1 0to 10 mm
2,3 0 to 30 mm
Derived:
total vehicle cg x position 1 850 to 1600 mm
2 1400 to 3400 mm
3 3200 to 7500 mm
total vehicle eg y position 1 —2510 25 mm
2 —100 to 100 mm
3 —50to 50 mm
total-vehicle cg z position 1 450 to 700 mm
2 750 to 1400 mm
3 700 to 1500 mm
sprung mass cg x position 1 800 to 1680 mm
2 1250 to 3400 mm
3 2500 to 7500 mm
sprung mass cg y position 1 -30 to 30 mm
2 —125to 125 mm
3 —65 to 65 mm
sprung mass cg z position 1 475 to 775 mm
2 825 to 1675 mm
3 775 to 1800 mm

Vehicle Type:
1 = passenger vehicles and light trucks
2 = heavy trucks
3 = commercial trailers
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6.2 Apparatus

6.2.1

6.2.2

GENERAL PERFORMANCE REQUIREMENTS—Since the measurement of individual tire normal forces, which
allows determination of the vehicle's horizontal cg position, was discussed in Section 5, only the
measurement of the vehicle's vertical cg position will be addressed in this section. The apparatus for this
determination must be able to accommodate the vehicle dimensions of Table 2 and the vehicle weights of
Table 4, as modified for the vehicle types measured at a given laboratory. It must also allow measurements
to the accuracy requirements of Table 7.

GENERAL CONFIGURATIONS—Vehicle center of gravity can be measured in a number of different ways. Five
methods_are described in_detail _in _the Center of Gravity Test Code—SAE J874a, with apparatus
configurations for each. They are:

a. Suspension Method

—Vehicle suspended by cable and slings
—¢g hung beneath successive suspension points
—¢gd X, ¥, and z coordinates measured

b. Ndll Point Method

—Vehicle on platform supported by two knife edges
—¢g balanced successively above each knife edge
—¢€g X, ¥, and z coordinates measured

c. Platform Support Reaction Method

—Vehicle on platform supported by three or fourload cells
—famp on platform required to determine cg\z coordinate
—¢€g X, ¥, and z coordinates measured

d. Weight Reaction Method

—Vehicle supported by a scale-under each wheel, as discussed in Section 5, of this do¢ument
—¢g x and y coordinates measured

e. Bdlance Method

—Vehicle on platfortn stpported by one knife edge
—¢g x and y coordinates measured

The methods are(described as pertaining to construction and industrial vehicles or machinery, but the
apparatys may be sized to apply to passenger cars, light trucks, or suspension components as well. The
suspens|on method is also a simple approach for determination of suspension component part cg location
due to the(elative ease of scaling equipment to the size of the part.

The last two methods do not provide for cg height determination but can be used in concert, with expansion
of the latter, to determine all three cg coordinates. This approach is the basis of this document, with the
weight reaction method having been discussed in the last section. The last method is expanded with the
vehicle on a platform (table), supported at several tilt angles by a pivot or knife edge and a moment reaction
and measurement scheme. The moment reaction and measurement is usually provided by a single scale or
load cell. This allows determination of cg height, as discussed as follows. It is assumed that such a tilt table
has been designed and balanced so that its simulated road plane and center of gravity lie on its pivot axis.
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6.2.3

The tilt-table configuration should be such as to rigidly support the test vehicle with the suspension in the
proper vertical position for the vehicle load condition of interest. Provision should be made for at least four
adjustable jack stands or height blocks which are to be placed between the chassis and the table. Additional
provision should be made for tie-down rods, cables or clamps to hold the chassis in firm contact with the
stands. The table should have a horizontal pivot axis, oriented longitudinally or laterally for roll or pitch
displacement. A range of 15 to 25 degrees tilt table rotation (Table 6) should be provided, in six to eight
incremented steps. The tilt table pivot should be a knife edge or a shaft supported in low-friction bearings
with all drag, including seal drag, reduced to allow restoring moment determination to the accuracy
requirement of Table 7.

The table pivot axis could be oriented along any axis in a horizontal plane, with any orientation theoretically
capable pf allowing accurate measurement of center of gravity height. A longitudinal or lateral orientation is

presumgd in this discussion due to the added convenience provided for locating the vehicle
its latera) displacement. The longitudinal orientation provides the minimum edge of table’disy
given anpular displacement and may thus be a more convenient orientation within@'given lak
Otherwide, there is no advantage of one orientation over the other.

The tilt-table protractor can be a purchased or a fabricated device; however) a pfecision spirit
is recommended. Vehicle mass shift relative to the table pivot axis isxmeasured by a sma

for lightweight components may also serve in measurement of the tilt table restorin
suitable force transducer may also be used in measurement of restoring moment, in place of

PERFORMANCE REQUIREMENTS—Accurate measurement of several variables is required. M
wheelbage, wheel tracks and trim heights is;-covered in Section 4 of this document,
measurgment of individual tire normal forces, total vehicle weight, and unsprung masses
Section . This discussion assumes these variables to have been measured to the accuracy r
Tables 3jand 5a and 5b, as applicable. <The overall measurement accuracy requirements are
7a. Thesge requirements are discussed-further in 6.2.3 of Section 6 of SAE J1574-2.

For simplicity, an accuracy requirement for table restoring moment is given, even though thi
measurdd directly. If the restoring moment is determined by measuring a restoring force
momentfarm(s), all of these measurements in aggregate should allow the determination of res
to 0.2%.| This is also diSeussed further in SAE J1574-2.

The accliracy requirements shown in Table 7a for cg x and y positions stem from the wei
requirenents of Table 5a. The accuracy requirement for the measurement of longitudinal wei
in Table ba, is:072%. As a result, the total vehicle cg x position can only be determined to abg

and measuring
lacement for a
oratory space.

level protractor
| displacement
ccuracy. Other

g moment with

r length moment arm, variable height support:structure, and isolation from off-axis inputs. A

he scale.

easurement of
and separate
is covered in
equirements of
shown in Table

5 is not usually
acting through
toring moment

ght distribution
ght distribution,
ut 0.5%. (This

is becaugedhe cg x position is known to 0.2% of the wheelbase and to 0.4% of a half wheelb

bse, roughly its

own value, using the axis system of 6.1. As a result, 0.5% is used in Table 7a.) Therefore, the accuracy
requirement of sprung mass cg x position is also stated to the same 0.5% value. Since the unsprung mass
cg x position, in local coordinates, can be zero, its accuracy requirement is stated in the absolute sense, as
0.2% of the wheelbase, again referencing Table 5a. Since all cg y positions can be zero, in either axis
system, all related accuracy requirements are stated in the absolute sense, as 0.2% of the average wheel
track.

The method used for determining center of gravity height, discussed in SAE J1574-2, eliminates the need to
know the lateral position of the cg of the vehicle and table. As a result, these are not included in Table 7a. It
is assumed that these centers of gravity will be placed (laterally) near the table pivot, to avoid a large
restoring moment offset. Even though the static cg lateral position is not required, the lateral movement of
the vehicle's cg as a function of table angle is required and is included in Table 7a.
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Table 7b shows the same accuracy requirements as above, with the addition of types of typical transducers.
Again, restoring moment is shown as the variable transduced for simplicity. Restoring force can be
measured with a load cell or static load scale.

TABLE 7A—MEASUREMENT ACCURACY REQUIREMENTS

Vehicle (1)Accuracy
Variable Type Percent Absolute

Primary:

tabte-angte 25 +6-+

table restoring moment 1,2,3 +0.2

unsprung mass cg x position 1,2,3 Note 1

(local coordinates)

unsprung mass cg y position 1,2,3 Note 2
unsprung mass cg z position 1,2,3 +0.5

vehicle lateral displacement (tilted) 1,2,3 +10.0

Derived:

total vehicle cg x position 1,2,3 +0.5

total vehicle cg y position 1,2,3 Note 2
total vehicle cg z position 1,2,3 +0.5

sprung mass cg x position 1,2,3 +0.5

sprung mass cg y position 1,2,3 Note 2
sprung mass cg z position 1,2,3 +0.5

1. Measurement accuracy, as a percentage of actual reading, should be no worse
than that listed. For those variables which may have values near zero, absolute
measurement accuracy should be ne worse than the absolute value shown.

Notes:
1. 0.2% of wheelbase.
2. 0.2% of average wheel'track.

Vehicle Type:1 = passenger vehicles and light trucks

2 = heavy trucks
3 = commercial trailers

TABLE 7B—TRANSDUCER ACCURACY REQUIREMENTS

Type of Typical Veh. (1)Accuracy
Variable Transducer Transducer Type Percent Absolute
table angle angular disp. protractor, 1,2,3 +0.1
inclinomaetor

table restoring moment load cell 1,2,3 +0.2

moment
vehicle lateral linear disp. dial indicator 1,2,3 +10.0

disp. (tilted)

1. Measurement accuracy, as a percentage of actual reading, should be no worse than
that listed. For those variables which may have values near zero, absolute measure-
ment accuracy should be no worse than the absolute value shown.

Vehicle Type:
1 = passenger vehicles and light trucks
2 = heavy trucks
3 = commercial trailers
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6.3 Test Procedures—The following procedures pertain in general to all methods, vehicle sizes and components.
Reference is specifically made to the tilt table method, however.

6.3.1

6.3.2

6.3.2.1

6.3.22

VEHICLE PREPARATION—REefer to 3.3 for general vehicle preparation. The vehicle should not be ballasted but
should be prepared to curb load. If the gas tank cannot be completely filled, the vehicle should be tested with
the tank completely drained. Seats should be adjusted to the centers of travel, both horizontally and
vertically and windows should be closed. Noncurb loading conditions are not recommended and are not
covered in this document but are discussed further in SAE J1574-2.

TEST PROCEDURES

Measdrement of Total Vehicle Center of Gravity Position—The following steps should¢.be followed in
measuring the total vehicle center of gravity position:

a. Datermine that all measuring devices have been properly calibrated, that\‘any weight scales are
reading zero in the unloaded condition and that external influences, such as wind bjowing through
open doors, are eliminated.

b. Place the vehicle on the locked (at zero angle) tilt table or platform with-the tilt pivot axig approximately
in the vehicle longitudinal plane of symmetry.

c. Check tire pressures and adjust the vehicle trim heights.

d. Sdgcure the vehicle chassis to the table or platform in a rigid and safe manner, at the design trim
hejghts, so as to permit tilt angles of up to 25 degrees (15.degrees for commercial vehicles). Record

f.  Any extra jacks, blocks, or beams required for vehicle support that are not included in the table set-up
bajance operation (see 6.4.3) must be weighed@and their cg height(s) above the tablg pivot must be

g. Sqt up a displacement indicator to measure lateral displacement of the side of the vehicle (relative to
table) at the approximate longitudinal’and vertical cg location.
h. Starting at the maximum angle, increment tilt angles to zero using only the restoring mpment from the
measuring transducer or scale and.moment arm system to hold the table in the tilted pgsition. Return
talle to approximate starting angle by incrementing tilt angles upward. (Cycling the tgble through its
exfreme positions prior to taking moment, angle and deflection measurements may be required to “set”
the system for repeatable\results.)
i. Ragad and record overturning moment, tilt angles, and vehicle lateral displacement for epch tilt angle.

Measdrement of Unsprung Center of Gravity Positions—It is assumed that all unsprunig parts of a
suspemsion have een weighed in accordance with the recommendations of Section 5] Further, it is
assumed that the’ center of gravity of each part or subassembly can be determined using either the
suspemsion ornull point method. The following steps should be followed in measuring each suspension's
unspryng center of gravity position:

a. Remove all unsprung parts from the vehicle. (See discussion in 5.3.2.2 of SAE J1574-2 for Section 5.)
b. Determine and record the coordinates of the center of gravity of each part, relative to the local
coordinate system for that suspension, as defined in 6.1.

6.4 Data Processing and Presentation

6.4.1

DETERMINATION OF TOTAL VEHICLE CENTER OF GRAVITY POSITION—The measurement of individual tire normal
forces, discussed in Section 5, allows the determination of the vehicle horizontal (X and Y components)
center of gravity position while the tilt-table measurements of this section allow the determination of its
vertical (Z component) center of gravity position. These will be discussed as follows. The governing
equations for the horizontal position are given for a four-wheeled vehicle, but could be developed, by analogy,
for a vehicle with more axles.
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6.4.2

The vehicle longitudinal cg position is determined from wheel or axle loads by solving a planar statics
problem with the vehicle in side view. Vertical forces act at the center of gravity and through the wheel
centers and moments can be summed about any point in the vehicle. Using the front wheel center as a
summing point to solve for the distance from front wheel centerline to cg, the equation for this dimension is
shown in Equation 1:

a = [Pg+P,JL/[Py+Py+P3+P,] (Eq. 1)
In this expression, the variable names are the same as used in 5.2.3 of SAE J1574-2 for Section 4, namely:

a horizontal distance from total vehicle center of gravity to front wheel centerline
L wheelbase

P4 left front tire normal force

P, right front tire normal force

P53 leff rear tire normal force

P4 right rear tire normal force

The vehicle lateral cg position is determined using the same methods. The lequation for its gosition relative
to the vehicle centerline was given in 5.2.3 and is repeated in Equation 2s

¢ = [(P,—P)(T/2) + (P4, -P3)(T,/72)]1/(Py + R34+ P3+ Py) (Eq. 2)
In this equation, T; and T, are the front and rear wheel tracks, fespectively.

The total vehicle center of gravity height is determined)using the equation developed in 6.2.3 of SAE
J1574-2] It relates the problem variables in a y = mx +ch form. To determine the center of grgvity height:

a. For each tilt angle, calculate the variable asishown in Equation 3:
M/(Wcos0) - Yg (Eq. 3)

where:

M = table restoring moment (N-m)
(V= total weight of vehicle, plus weight of hardware to secure vehicle to tilt table (N
sH = lateral shift of vehicle center-of-gravity relative to table axis, due to tilt (m)

b. Uging linear regression methods, determine the slope of the relationship between the pregvious variable
and the valuedtan6, where 0 is the table-tilt angle. This is the height of the vehicle, pjus attachment
hafjdware, above the pivot axis. Convert to mm units.

c. Uding principles of statics, determine the height of center-of-gravity of attachment hardware above
table pivot axis, at zero tilt angle.

d. Adain) using principles of statics, determine vehicle center-of-gravity height by correcting value
determined in step 2 for attachment hardware.

DETERMINATION OF UNSPRUNG CENTER OF GRAVITY POSITIONS—Unsprung center of gravity positions are
determined for each suspension using principles of statics with the positions of the centers of gravity of all of
the parts (or subsystems) of that suspension. This should be done for all three coordinate directions. All of
the weight of a part should be used in the moment balance if it is entirely supported by the wheel and tire.
Half of the weight of the part should be used if it is jointly supported by the wheel and tire and by the sprung
mass. (See discussion in 5.3.2.2 of SAE J1574-2 for Section 5.)
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6.4.3 DETERMINATION OF VEHICLE SPRUNG CENTER OF GRAVITY POsITION—Determine the vehicle sprung center of
gravity position, using the known coordinates of the total vehicle mass and unsprung masses. The moment
balances should assume that the unsprung mass and sprung mass moments about a given axis balance that
of the total vehicle mass. This approach can be used three times to solve for the coordinates of the vehicle

sprung mass. These should be expressed in the coordinates of 6.1.
6.5 Calibration Procedures

6.5.1 WEIGHT ScALES—Weight scales, if used, should be calibrated as specified in Section 5.

6.5.2 RESTORING MOMENT TRANSDUCER—The moment measuring device should be calibrated with a range of

balance [weights (and a moment arm length) of known accuracy. Care should be exercise
platforms in the same manner and to the same load as they will be used. Off-axis and_gr¢
loading (on scale platform) should be avoided. Hysteresis should be well within the accuracy
Table 7b

6.5.3 TILT TABLE OR PLATFORM—The table with all accessory equipment attached in ‘normally
including all stands, blocks, cables, transducers, etc., must be statically balanced about the piv
for pivot hysteresis. It should be small enough that the restoring moment.¢an be measured t
requirenent of Table 7b. If restoring moment is measured using a force transducer, then theg
arm(s) ghould be measured to allow determination of restoring(moment consistent with
requirements of Table 7b.

6.5.4 PRECISIQN PROTRACTOR—A laboratory grade spirit level protractor should be calibrated to a N
for Standardization and Testing.

1 to load scale
ssly off-center
requirement of

sed positions
ot axis. Check
0 the accuracy
table moment
the accuracy

ational Institute

6.5.5 DIAL INDICATOR DISPLACEMENT DEVICES—Use gage blocks or a micrometer head to check. Check for hyster-

esis.
7. Measurement of Moments and Products of Inertia

7.1 Variables Measured—In order to perferty’ simulations of transient directional control responses
ride motiofs, certain moments, and ‘products of inertia of the vehicle are required. The simp
control simulations require total tvehicle yaw moment of inertia while the simplest ride simu
sprung mgss pitch moment of-inertia. More complex directional control simulations generally
mass roll gnd yaw moments of inertia and the roll-yaw product of inertia, as well as the yaw mg
for the unsprung mass.

This docurnent will assume that the six aforementioned inertia properties must be determine
mass inert|al properties can be determined by:

and rigid body
lest directional
lations require
require sprung
ment of inertia

j. The sprung

a. Measurement of total vehicle and unsprung mass inertial properties with calculation g

f sprung mass

inertial properties

b. Measurement of sprung and unsprung mass inertial properties with correction for on
attached to both sprung and unsprung masses (see discussion in 5.3.2.2 in SAE J157
5) and with calculation of total vehicle yaw inertia

e half of parts
4-2 for Section

Both of these approaches are cumbersome. The first will be the approach discussed in this document,
primarily for parallelism with the weight measurement procedures of Section 5. This allows some procedures
to be performed in parallel. In addition, determination of the inertial properties of the total vehicle allows the
measurement of unsprung mass inertial properties to be omitted in cases when approximations of unsprung

mass inertial properties are sufficiently accurate.
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Approximate values for variables measured directly and indirectly are shown in Table 8. The oscillation period
limits are arbitrary, selected to limit windage effects. All inertia values are referenced to the total vehicle center
of gravity for consistency, even though sprung and unsprung values might be measured or reported with
respect to a different origin. In general, the total vehicle inertias are based on measured values for small and
large vehicles in each class and the corresponding sprung and unsprung values are scaled from them, based
on experimentally observed trends. The unsprung inertias shown are for the sum of all suspensions, even
though measurements would be made on a suspension by suspension basis. The acceleration and moment
limits are based on an oscillation amplitude of 2 degrees.

TABLE 8—VARIABLES MEASURED

Vehicle
Vehicle Type Range

Primary:
total vehicle pitch period 1,23 02t00.5s
total vehicle roll period 1,23 02t00.5s
total vehicle roll acceleration 12,3 3.0t020.0 degrees/s2
total vehicle yaw period 1,23 02t00.5s
total vehicle yaw reaction moment 1 0to25N-m

2 0to 125 Nim

3 0 to 350,N-m
unsprung mass pitch period 1,23 0.2t00.5s
unsprung mass roll period 1,23 .02t005s
unsprung mass roll acceleration 1,2,3 % 3.0t020.0 degrees/s2
unsprung mass yaw period 1,23 0.2t00.5s
unsprung mass yaw reaction moment 1 0to5N-m

2 0to 15 N'm

3 0to 35 N'‘m
Derived:

750 to 7500 kg-m?

11 000 to 41 000 kg-m?
34 000 to 113 000 kg-m?
150 to 900 kg-m?

2500 to 2900 kg-m?
5600 to 9200 kg-m?

900 to 7500 kg-m?

11 000 to 41 000 kg-m?
34 000 to 113 000 kg-m?
—65 to 65 kg-m?

-315 to 315 kg-m?

—900 to 900 kg-m?

1000 to 10 000 kg-m?

15 000 to 55 000 kg-m?
45 000 to 150 000 kg-m?
20010 T200 g

2300 to 8300 kg-m?
6800 to 23 000 kg-m?
1200 to 10 000 kg-m?

15 000 to 55 000 kg-m?
45 000 to 150 000 kg-m?
—75 to 75 kg-m?

—350 to 350 kg-m?2
—1000 to 1000 kg-m?
250 to 2500 kg-m?

3800 to 14 000 kg-m?

11 000 to 38 000 kg-m?

sprung mass pitch moment of inertia

sprung mass roll moment of ifertia

sprung mass yaw moment of inertia

sprung mass foll-yaw product of inertia

total vehicle pitch moment of inertia

total venicle roll moment ot Inertia

total vehicle yaw moment of inertia

total vehicle roll-yaw product of inertia

unsprung mass pitch moment of inertia

WMN = WO =00 = 0ONA4ON=LON=2ON=2ON= N =
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7.2

7.21

7.2.2

TABLE 8—VARIABLES MEASURED (CONTINUED)

Vehicle
Type

Vehicle
unsprung mass roll moment of inertia

Range
50 to 300 kg-m?
600 to 2100 kg-m?
1700 to 5800 kg-m?
300 to 2500 kg-m?
3800 to 14 000 kg-m?
11 000 to 38 000 kg-m?
—10to 10 kgm?
-35 to 35 kgm?

unsprung mass yaw moment of inertia

unsprung mass roll-yaw product of inertia

N = WON = wWwN =

3 —100 to 100 kgm*
1 = passenger vehicles and light trucks
2 = heavy trucks
3 = commercial trailers

Vehicle Type:

PERFORMANCE REQUIREMENTS—The measurement of these moments and prod
involves [the low-frequency oscillation of the vehicle or unsprung masses-about a low frictio
measurgment of period and, possibly, reaction moment. Varioust.configurations may be
discussegd in 7.2.2. In general, they must provide a low friction pjvot-of known location and a
moment [of known rate. Measurement of products of inertia requirfes either the reorientation g
(or reorigntation of the vehicle) or the measurement of out-of<plane moments. The measurem
also required. Specific accuracy requirements for these apparatus and transducers is given
addition,|they must accommodate vehicles of a size and Weight expected at a given laboratory
Tables 2|and 4.

Measurgment apparatus must be capable of determination of yaw moment of inertia about
through the total center of gravity, of roll moment of inertia about a longitudinal axis containe

icts of inertia
h pivot and the
employed, as
linear reaction
f the pivot axis
ent of period is
in Table 9. In
, as outlined in

a vertical axis
i in the vehicle

plane of| symmetry, of pitch moment of inértia about a lateral axis perpendicular to the vehicle's plane of

symmetny, and of roll-yaw product of in€rtia relative to the previously defined roll and yaw aj
location pf these axes is not constrained and usually depends on the simulation application
practice [to measure one or more“moments of inertia about axes convenient for testing a
correspgnding inertias about_6ther axes using inertia transformation theory. As a result
measurgment of these inertias'will be general with regard to axis location.

GENERAI CONFIGURATIONS—ROolIl and pitch inertia measurements are usually made with the
and apppratus by turning the vehicle or pivot axis 90 degrees after the first measuremer
general, [principakinertias, or inertias about axes passing near the center of gravity, are sought
less trud for trucks, with roll axes well below their centers of gravity.) Assuming that inertig
through pr_neat the center of gravity is sought, best practice is to measure the inertia about

es. The exact
It is common
nd to calculate
discussion of

same method
t is made. In
. (This may be
about an axis
this axis, thus

eliminatipg-an additional m-R? effect. This requires some form of linear restoring spring, sing

e a compound

pendulum will not work for a pivot axis through the center of gravity, or will have limited restori
axis near the center of mass.

Common practice is to provide a pivot axis somewhat above or below the center of gravity, in ¢

ng effect for an

onjunction with

linear restoring springs. The pivot axis can be displaced laterally, in which case only one set of restoring
springs is required, with the likelihood that the pivot axis to center-of-gravity distance is increased somewhat.

Knife edges or an air bearing are often used as pivots.
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7.2.3

7.3 Test Procédures

7.3.1

7.3.2

Yaw inertia is commonly measured one of two ways. The first utilizes a vehicle support bearing with a
vertical degree of freedom, thus allowing single degree of freedom yaw oscillation. As discussed previously,
greatest accuracy is obtained with the pivot axis near the center of gravity. Restoring moments are usually
provided by linear springs. The second method utilizes a multifilar pendulum in which the vehicle rests on a
horizontal platform suspended by three or four long, vertical cables. With this method, the vehicle must be
rigidly attached to the platform and its center of gravity must be midway from the cables. If it is not, then two
degree of freedom, coupled vibration will result, preventing the accurate determination of yaw moment of
inertia. Assuming that a very low-friction bearing is available, the support bearing method is superior, since
it does not require exact positioning of the vehicle center-of-gravity and since it guarantees single degree of
freedom oscillation. Both methods will be addressed in the document.

Product
of inertia
of inertia

bf inertia measurements can be performed two ways. One is to measure “roll” and.lyaw” moments
about two sets of axes which have been rotated about a common pitch axis. Thesg four moments
define a section of the vehicle's ellipsoid of inertia, defined by Equation 4:

Knowled
product

axis whi
perpend
axes, wi
inertia.)

or vice-v

PERFORN
shown in

space, “moment” and “product” are used for “moment of inertia” and “product of inertia.”)

Table 9b|
Period ¢

of time, and determining the elapsed time for a number of cycles. In addition, roll accelerati

measure
derivativ

VEHICLE
be ballas
propertie
determin

1= IXXx2+Izzzz2IXsz

ge of the moments of inertia and degree of coordinate rotation allows determination
bf inertia. A more direct method is to provide for single degree. o6Dfreedom oscillatio
e measuring the pivot reactions, thus allowing the determination of reaction mome
cular to the pivot axis. (The measurement of all pivot reactions for three mutually
h successive oscillations about each, allows the determination of all six moments g
Roll-yaw product of inertia is determined by measuringwaw reaction moment during
brsa. This method will be the one discussed in thissxdocument.

ANCE REQUIREMENTS—Overall measurement.@ccuracy requirements for the variables
Table 9a. Transducer accuracy requirements are shown in Table 9b. (Note that, in

shows the most stringent accuracy requirements with the addition of types of typic
hn also be measured by transducing displacement, velocity, or acceleration, recordin

d by transducing displacement or velocity, recording as a function of time, and taking
bs. Table 9b assumesthe use of accelerometers to directly transduce roll acceleratig

PREPARATION—Prepare the vehicle in accordance with the guidelines of 3.3. The vef
ted to pakrticular tire normal forces, since various methods of ballasting may not give
s. Itsshould be trimmed to the same suspension trim heights for which the center
ed in~Section 6. The fuel tank should be drained (in order to avoid the introdu

harmoni

(Eq. 4)

of the roll-yaw
n about a fixed
hts about axes
perpendicular
nd products of
roll oscillation,

5 of Table 8 are
the interests of

al transducers.
g as a function
bn can also be
first or second
n.

icle should not
unique inertial
-of-gravity was
ction of higher

bsin the oscillatory tests) but other fluid reservoirs should be topped up.

TeEST PROCEDURES—The discussion in 7.2.2 outlines basic methods used in determining moments and
products of inertia. The paragraphs below outline more specific test procedures, based on the fundamental
methods outlined in 7.2.2. It is assumed that vehicle and unsprung weights and centers of gravity have been
determined in accordance with the procedures of Sections 5 and 6.

While these procedures are discussed in two paragraphs as follows, time is generally saved by measuring all
of the total vehicle inertial properties at one time and all of the unsprung mass inertial properties at another.

-54-



https://saenorm.com/api/?name=ec68275b32d92b5f04e3e8a024380086

SAE J1574-1 Reaffirmed MAY2005

TABLE 9A—MEASUREMENT ACCURACY REQUIREMENTS

Vehicle MAccuracy
Variable Type Percent Absolute

Primary:

total vehicle pitch period 1,2,3 +1.0
total vehicle pitch spring rate 1,2,3 +1.0
total vehicle roll period 1,2,3 +1.0
total vehicle roll spring rate 1,2,3 +1.0
total vehicle roll acceleration 1,2,3 +2.5
total vehicle yaw period 1,2,3 +1.0
total vehicle yaw spring rate 1,2,3 +1.0
total vehicle yaw reaction moment 1,2,3 +2.5
unsprung mass pitch period 1,2,3 +1.0
unsprung mass pitch spring rate 1,2,3 +1.0
unsprung mass roll period 1,2,3 +1.0
unsprung mass roll spring rate 1,2,3 +1.0
unsprung mass roll acceleration 1,2,3 +2.5
unsprung mass yaw period 1,2,3 +1.0
unsprung mass yaw spring rate 1,2,3 +1.0
unsprung mass yaw reaction moment 1,2,3 +2¢5
Derived:

sprung mass pitch moment 1,2,3 +2.0
sprung mass roll moment 1,2,3 +2.0
sprung mass yaw moment 1,2,3 +2.0
sprung mass roll-yaw product 1,2,3 +10.0
total vehicle mass pitch moment 1,2,3 +2.0
total vehicle mass roll moment N2y3 +2.0
total vehicle mass yaw moment 1,2,3 +2.0
total vehicle mass roll-yaw product 1,2,3 +5.0
unsprung mass pitch moment 1,2,3 +2.0
unsprung mass roll moment 1,2,3 +2.0
unsprung mass yaw moment 1,2,3 +2.0
unsprung mass roll-yaw product 1,2,3 +10.0

1. Measurement accuracy,as a percentage of actual reading, should be no worse than that
listed. For those variables which may have values near zero, absolute measurement accuracy
should be no worse‘than the absolute value shown.

Vehicle Type:l/= passenger vehicles and light trucks

2 = heawy-frucks
3 =(commercial trailers

TABLE 9B—TRANSDUCER ACCURACY REQUIREMENTS

Typeot—  Typical— Vo (Acouracy |
Ty -

Variable Transducer Transducer Type Percent Absolute
period time stopwatch 1,2,3 +1.0
roll acceleration acceleration accelerometer 1,2,3 +2.5
yaw reaction moment moment, force load cell 1,2,3 +2.5

1.

Measurement accuracy, as a percentage of actual reading, should be no worse than that listed. For
those variables which may have values near zero, absolute measurement accuracy should be no
worse than the absolute value shown.

Vehicle Type:
1 = passenger vehicles and light trucks
2 = heavy trucks
3 = commercial trailers
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7.32.1

Measurement of Total Vehicle and Unsprung Mass Pitch and Roll Moments and Roll-Yaw Products of Iner-
tia—Measurement techniques for pitch and roll moments of inertia are virtually identical since the same
apparatus is usually used with the vehicle or unsprung mass turned at right angles. (There may be some
cases in which this is not practical.) In addition, pivot reactions which allow the determination of product of
inertia are recorded simultaneously. Therefore, the test techniques for pitch and roll moments and roll-yaw
products of inertia will be discussed together. These methods assume that the total vehicle pitch and roll
inertias are measured first and that the unsprung masses are subsequently removed for determination of
their pitch and roll moments of inertia. The sprung mass pitch and roll moments of inertia are later
determined by computation.

To measure total vehicle pitch and roll moments of inertia_and roll-yaw product of inertia, the following
major $teps should be followed:

a. Adqjust trim heights to the values recorded in the center of gravity position meéasurements. Secure

suppension trims in this position to prevent either jounce or rebound travel? If bgdy trim height
ensions were used in the center of gravity position determination, record suspensign trim heights.
Measure positions, relative to known body, frame, or suspension references, of hardware used to

Measure positions of hardware,

ctly to the frame or body; the vehicle should not rest on jts(tires.

e inertia measurement test platform (and vehicle) is netalready mounted on the pitgh or roll pivots,

Record the position of the vehicle center of )gravity (or other references which allow its
determination) relative to the pivot axis. Attach restoring springs, and pivot reaction load cells, if
necessary.

d. Allow the platform and vehicle to equilibrate and’ zero, or record equilibrium voltages|(loads) of, the
logd cells and displacement transducers, if used.

e. Prgpare data recording systems for load cells, and platform displacement, if used.

f.  Pgrform a trial oscillation to check for sinusoidal waveform in the load cell (and platforn] displacement,
if qvailable) time history. Correct, if,mecessary. Common error sources are lash betwgen vehicle and

plgtform, between platform and pivot, between pivots and load cells, or oscillations o
supsystems, such as drivetrainx-Record positions of any wedges or hardware used.
the smallest possible amplitude which will give 30 to 40 sinusoidal cycles.

major vehicle
Also determine

g. Excite roll or pitch oscillations and record displacement for 30 to 40 cycles as a function of time. If
digplacement is not transduced, count and time the elapsed time of the oscillations so that period may
be|calculated. Repéatthis procedure three times.

h. If foll inertia was.measured, repeat steps b through g for pitch inertia, or vice-versa. Nofe that load cell

reqdings are ©ot required when measuring pitch inertia, since pitch-yaw product of inertia is not
required.
i. Weigh hardware used to secure suspensions, to secure the vehicle to the test platform, or to correct
supsystem oscillations.
j-  Megasure dimensions and position of fuel tank(s) and “H points” of seats.

Two broad approaches may be used to measure unsprung mass moments and products of inertia. Both
require removal of all unsprung mass components. In the first, the suspension is remounted on a
lightweight fixture such that it is at the same trim height as it was when the total vehicle inertial properties
were measured. The inertial properties of the suspension and fixture and of the fixture alone are
measured and the suspension inertial properties of the suspension are determined by subtracting those of
the fixture. In the second, suspension part coordinates are determined which uniquely define each part's
position in the vehicle. The inertial properties of each part are measured and transformed to the vehicle
inertial reference axes. In both cases, the inertial properties of parts which can be considered both sprung
and unsprung are treated according to the 50/50 rule, discussed in 5.3.2.2 of SAE J1574-2 for Section 5.
The second approach will be considered less cumbersome and discussed in this document.
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To measure unsprung mass pitch and roll moments of inertia, the following major steps should be followed:

Prior to removing hardware used for maintaining suspension trim heights, measure coordinates of

reference points on each suspension part, which will uniquely define its position in the vehicle.

Re

move all unsprung parts from the test vehicle.

each.

Disassemble to the subassembly or part level, as required, to measure unique inertial properties for

Measure a sufficient number of inertial properties for each part or subsystem, in a local coordinate

system, to allow determination of pitch and roll moments and roll-yaw product in the vehicle inertial
reference frame. Generally, it is easiest to utilize symmetry to determine principal moments and axes
of inertia, although this is sometimes not possible. Measurements should be made on smaller analogs

of

ref
7.3.2.2 Measdl
above
differe
multifil
cables
oscilla

7.4 Data Proc

DETERMI
OF INERT|
the perid
advance

7.41

Pitch or
frequeng
Equation

where:

[
[
§

x — —

Since th

the vehicle pitch, roll, or yaw test apparatus. Record inertial properties and orie

erence system to vehicle reference system.

rement of Total Vehicle and Unsprung Mass Yaw Moments of Inertia—Generally, the
may be used in measuring total vehicle and unsprung mass moments of inertia,
nces may exist. Since a product of inertia is not measured, load cells are not requ
ar pendulum is used, then the vehicle and supporting platform must be‘equidistant fr
as discussed in 7.2.2. Care should also be used with a muyltifilar pendulum to €
ions, with negligible swinging.

pssing and Presentation

NATION OF TOTAL VEHICLE AND UNSPRUNG MASS PITGH AND ROLL MOMENTS AND ROLL-
IA—Moments of inertia may be easily calculatediusing very basic vibration theory an
d and restoring spring rate. Products of inertiabmay be calculated nearly as easily, b
0 theory and knowledge of the yaw reaction\moment and roll acceleration.

Foll moment of inertia may be obtainéd from the measured period and the equation
y of a single degree of freedom, oscillation. For torsional vibrations, this relationsh
5:

f = 2n(57.3k/1)""2

atural frequency. (Hz)
homent of inértia (N-ms2/rad)
pring rate (N-m/deq)

b period’(T) is the reciprocal of the natural frequency, the moment of inertia is shown

htation of local

steps outlined
hlthough some
red. Also, if a
bm the support
xcite only yaw

YAW PRODUCTS
d knowledge of
Ut require more

for the natural
ip is shown in

(Eq. 5)

in Equation 6:

. 2 -2,
I'=907.0(4T )T K

(Eq. 6)

This relationship can be used to determine the pitch or roll moments of inertia of either the total vehicle or

any of th

e unsprung masses.
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7.4.2

Sprung mass pitch or roll moments of inertia may be determined by subtracting the unsprung mass pitch or
roll moments of inertia from the total vehicle pitch or roll moment of inertia. The unsprung moments of inertia
must first be transformed to equivalent inertias about the axis for which the total vehicle moment of inertia
was measured, using the parallel axis theorem. This theorem (derived in texts on dynamics) states that the
moment of inertia about an arbitrary axis is the sum of the centroidal moment of inertia about an axis parallel
to the desired axis and the product of the mass and the square of the distance between the axes. It may be
necessary to use the parallel axis theorem successively to transform the measured unsprung moments of
inertia to equivalent inertias about the desired total vehicle axes.

Determination of the roll-yaw product of inertia requires knowledge of the dynamics of a rigid body rotating
about a fixed axis. In the roll inertia test, oscillation occurred about the vehicle longitudinal (x) axis and the
reaction moment was measured about the vehicle vertical (z) axis. For this special case, tex{s on dynamics
show thgt the yaw moment is shown in Equation 7:

2

M, = |y + | 0 (Eq. 7)

Iy, = rpll-yaw product of inertia
xy = rpll-pitch product of inertia
M, = yaw reaction moment

oy = rpll velocity

oy = rpll acceleration

Both roll|velocity and roll acceleration vary sinusoidally. At'maximum displacement, roll accelgration will be a
maximum and roll velocity will be zero. Determinationof the yaw reaction moment at this point in time allows
determirfation of the roll-yaw product of inertia from the relation in Equation 8:

L= M,/ oy (Eq. 8)

The maximum roll acceleration must be determined from transduced time histories of displacgment, velocity,
or accelgration. Roll acceleration shotild be converted to rad/s? for direct use in Equation 8.

Unsprung roll-yaw products of inertia may be determined similarly. They may then be subtracted from the
total vehjcle roll-yaw product of inertia, properly observing transformation of product of inertig between local
and global (vehicle) coordinate systems, to obtain the sprung mass roll-yaw product of inertia

DETERMINATION OF TQTAL VEHICLE AND UNSPRUNG MASS YAW MOMENTS OF INERTIA—Yaw morhent of inertia
of both the total vehicle and unsprung masses may be determined in a manner analogous to that used for roll
and pitch moments of inertia. Again, the period and restoring spring rate must be knoiwn and inertia
transformation; using the parallel axis theorem, will be required. The torsional spring rate| for a multifilar
pendulurn,in N-m/degrees, is shown in Equation 9:

k = R®°W/(57.3L) (EqQ. 9)
where:
L =length of each cable (m)

R = distance from vehicle/platform cg to each cable (m)
W = weight of vehicle and support platform (N)
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7.5

8.1

8.2

8.2.1

Calibration Procedures—Before inertia values can be derived from the direct measurements discussed, a
number of values must be available. These must be determined through direct measurement or calibration.
The required values are: stopwatch or recorder timing accuracy, spring rate and locations, cable length,
accelerometer sensitivity and locations, load cell sensitivity and load cell locations, tare mass, and tare inertia.
These measurements or calibrations should be made using accepted laboratory techniques, as applicable.
Measurement of tare inertia is accomplished by simply testing the support structure as the test vehicle or
unsprung mass would be. Accuracies should be consistent with the accuracy requirements of Tables 9A and
9B for period, spring rate, roll acceleration, and yaw reaction moment.

Measurement of Suspension Kinematic Characteristics

Variables
unsprung

motions ©
associated

simulate basic directional control characteristics of the vehicle, or quantify those characteristics

this behav
variables 4
magnitude

In order to
ratio (for w
specifically

Apparatusg

GENERAL
sizes an
vehicles,
characte
accuraci

addresséd in 8.2.3 of SAE J1574-2,

Measure
continuo
the corrd
system &

Measured—Kinematic suspension characteristics are those which describe the
masses relative to the sprung mass, as a result of relative motion.

5 associated with lateral accelerations in the vehicle's “linear range.”

brm and sector) or “C factor” (for rack and pinion) of the-steering gear. Such measur

The rigid\bod
the vehicle and the rotation of the vehicle steering wheel constitute the basic
with these steering and suspension characteristics. Such kinematic characteristics

or. Shock absorber travel ratios are used in simulating roll and rigid body ride dyn
re shown in Table 10 with approximate ranges. Ranges for input displacements a

fully describe a vehicle, as discussed in Section 3, it is sometimes desirable to meas

covered in this document, but may be performed using'methods discussed in this sg

if appropriate for a given laboratory. More specifically related to the ab
ristics, the test techniques and asSociated equipment must be capable of attaining
bs outlined in Tables 11A and_11B. A more detailed discussion of accuracy r

ments can be accomplished by utilizing either a displacement motion analysis (
us displacement of suspension ride travel, roll displacement, or steering wheel angle
sponding displacement of interest) or equilibrium techniques (by applying a known
nd measuring. the reaction forces at system equilibrium).

motion of the
y ride and roll
system inputs
are required to
which influence
amics. These
re generally of

sure the overall
Ements are not
ction.

PERFORMANCE REQUIREMENTS—The test apparatus must be capable of accommodating vehicles of
0 weights defined in Tables 2 and 4 of-Sections 4 and 5 of this document, or of a s

ubset of these
ove kinematic
results of the
bquirements is

by providing a
and measuring
force(s) to the
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8.2.2

GENERAL
consider

TABLE 10—VARIABLES MEASURED

Vehicle
Variable Type Range
Primary:
camber angle change 1 —10 to 10 degrees
2,3 -5 to 5 degrees
caster angle change 1,2 —2.510 2.5 degrees
steering wheel steer angle 1 —100 to 100 degrees
2,3 —200 to 200 degrees
roadwheel steer angle 1,2,3 -5 to 5 degrees
shock absorber displacement 12,3 —50 0o 50 mm
suspension lateral displacement 1,2,3 —20 to 20 mm
suspension ride displacement 1,2,3 —50 to 50 mm
suspension roll displacement 1,2,3 —2.51t0 2.5 degrees
tire lateral force(") 1 300 to 1700 N
23 1500 to 3800 N
tire normal force change(") 1 —1500 to 1500 N
23 —6500 to 6500°'N
Derived:
overall steering ratio 1 10:1 to 30
2,3 20:1 10 40:1
ride camber coefficient 1 —0:1 to 0 degrees/mm
23 =0:05 to 0 degrees/mm
ride caster coefficient 1,2,3 0 to 0.05 degrees/mm
ride shock absorber travel ratio 1,2,3 0.5:1t0 1.0:1
ride steer coefficient 1,2,3 0 to 0.015 degrees/mm
roll camber coefficient 12,3 0 to 1.0 deg/degrees
roll caster coefficient 12,3 0 to 0.5 deg/degrees
roll center height 1 —25 to 500 mm
2,3 450 to 800 mm
roll shock absorber travel ratio 1,2,3 0.5:1t0 1.0:1
roll steer coefficient 1 0 to 0.15 deg/degrees
2,3 0 to 0.25 deg/degrees

determin

1. For tandem axle 'suspensions, properties are defined for each side of the
entire suspension. For dual tire axles, properties are similarly defined for
each side.0fthe suspension and therefore for each pair of tires.

Vehicle Type:1 = passenger vehicles and light trucks

2'=heavy trucks
3 = commercial trailers

CONFIGURATIONS—The apparatus for determining these kinematic characteris
ablylin”exact configuration but not as much in general configuration.
ed_by utilizing a displacement as input (suspension ride, suspension roll, or

All charact

ics may vary
pristics can be

steering wheel

displacement) and measuring a dependent displacement as output. The kinematic coefficient required is the
rate of change of the dependent displacement with respect to the input displacement. Roll-center height may
alternately be measured using principles of static equilibrium. As a result, the test apparatus must be
capable of providing:

a. Suspension ride displacement
b. Suspension roll displacement
c. Steering wheel displacement

It may optionally provide lateral force input for the measurement of roll center height.
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The apparatus must be capable of providing each of these displacement inputs in the absence of any others
and in the absence of any tire forces other than normal force. Thus, apparatus for ride displacement input
must provide for parallel wheel motion in the absence of roll. Tire support pads must remain coplanar and
reduce all tire forces to levels much less than the normal force, which must remain normal to the original road
plane. This is generally accomplished by designing low-friction tire support pads into the same rigid
structure. The low friction supports may be mechanical, hydraulic, or pneumatic. The ride motion may be
imposed by grounding the vehicle sprung mass and moving the roadwheels, or vice versa. The same
apparatus is generally used to impart suspension roll, in which case the net ride motion, at the wheel
centers, must remain zero. In both cases, the steering wheel should be locked to eliminate uncontrolled
steering input. Steering input at the steering wheel is usually done by hand, with ride and roll motions
constrained to zero.

If the equilibrium method is used to define the roll center height, then a method to apply a.lateral force to the
wheel plane at a known height must also be available. This, in turn, requires a restraint'meghanism for the
vehicle sprung mass. (See SAE J1574-2 for 9.2.2 for a more complete discussion of sprung mass grounding
issues.) | This method also requires simultaneous measurement of lateral and normal force, [while ride, roll,
and steefring wheel steer motions are zero.

In order [to determine all of the “derived” kinematic coefficients in Table 10, changes in all df the “primary”
variableg must be measured. Suspension ride and roll displacement.are determined by tfansducing the
vertical displacement of each of the wheel centers, relative to a datum fixed in the sprung mass. Common
transducers are linear potentiometers or LVDTs. Steering wheel displacement is measured relative to the
sprung mass, usually with a rotary potentiometer.

Roadwheel steer and camber (inclination) angles are generally transduced from a rigid plate axtached to, and
parallel to, the wheel plane. Linear or angular. displacement transducers may be uséd, with linear
transducers having the advantage of providing for the' simultaneous measurement of lateral displacement of
the whepl. With linear displacement transducers, steer angle change is measured by| mounting the
transducers in a plane parallel to the road plane, while camber angle change is measured by mounting them
in a verfjcal plane perpendicular to the wheel plane. Measurements must assure that stegr angle (angle
between|the intersection of the wheel and road planes and a line in the road plane parallel {o the vehicle's
longitudipal axis) and inclination angle’(angle between the wheel plane and a perpendicular to the road
plane) afe measured correctly and'not contaminated by each other or wheel displacements.

Wheel ¢enter lateral displacement is generally measured with linear displacement transducers, in
conjunctfon with the measurement of steer or camber. However, a single displacement transgucer may also
be used|if attached to.the:wheel center. Shock absorber travel is also measured with a linedr displacement
transducer attacheddo-parts functionally representing the ends of the shock absorber or strut

measurgment~of angular rotation of the knuckle about a transverse, horizontal axis. This equivalence
assumeg that the kingpin axis remains fixed in the knuckle during ride and roll motions.| This angular
displacement is best measured with an inclinometer, which may provide either a visual readout or electrical
output. In most cases it is easiest to mount the inclinometer to the roadwheel, or to an attached plate which
is parallel to the wheel plane, and to lock the brakes. This ensures that the roadwheel and knuckle rotations
are the same.

In this %iiscussion, the measurement of caster (change) will be assumed to be repregented by the

Measurement of roll center height with the equilibrium technique requires the measurement of lateral and
normal forces, and the position of each relative to vertical and lateral references. Forces are measured with
load cells.
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Test turnaround time and data processing convenience require data recording device(s), although manual
data recording might be justified for a single set of these tests. The availability of such recording device(s)
will be assumed, whether strip chart recorders, X-Y recorders, or continuous electronic recording devices.
Data may be taken continuously or at a series of fixed displacements, provided that continuously varying
inputs are very slow, to approximate steady-state conditions. “Instantaneous” displays of input and output
variables, in X-Y form, are not required but are very useful in identifying measurement errors or vehicles
which do not represent design intent.

In summary, the equipment listed as follows is required to measure all of the kinematic coefficients of Table
10. Generally, the measurement of a given coefficient will only require a subset of this list.

Rigle displacement mechanism for sprung or unsprung mass (with low friction tire turn-gads)
Rqll displacement mechanism for sprung or unsprung mass (with low friction tire turn pads)

friction tire turn pads

Steering wheel displacement mechanism (optional)
Steering wheel displacement lock

Rigle displacement transducer(s)

Rgadwheel lateral displacement transducer(s)
Steering wheel angle transducer

Rgadwheel steer angle transducer(s)

Cgmber angle transducer(s)

Inglinometer(s)

Brake locking mechanism (optional)

Shock absorber displacement transducer(s)
Lateral force input mechanism

eral force transducer

Ng
Sy
D&

STOeTOS3ITATTISQ@TOQ0T

8.2.3 PERFORN
are show

rmal force transducer
rung mass restraint mechanism
ta recording device(s)

nin Table 11A. Rationale foerthese requirements are discussed in SAE J1574-2, 8.4.3.

ANCE REQUIREMENTS—Overallkmeasurement accuracy requirements for the variables of Table 10

8.3 Test Procédures

8.3.1

Table 11B shows the accuracytrequirements of Table 11A, with the addition of types of typical transducers.

Steer anfd camber angle may-also be measured with displacement transducers spanning a kn

VEHICLE PREPARATION—The vehicle should be prepared to the guidelines of 3.3. Neither tirg

own distance.

normal forces

nor suspension frim heights need be set prior to actual testing. Tests will be run at fixed trim heights,

generally

cutb-or design trim heights. These must be known and clearly defined prior to testiTg.
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TABLE 11A—MEASUREMENT ACCURACY REQUIREMENTS

Vehicle  (Waccuracy

Variable Type Percent Absolute
Primary:
camber angle 1,2,3 +1.0
caster angle 1,2,3 +9.0
steering wheel steer angle 1,2,3 +0.5
roadwheel steer angle 1,2,3 +1.0
[ SNOCK absorber displacement T.2.3 E 0]
suspension lateral displacement 1 +1.5 +0.01 mm
2,3 +1.5 +0.02 mm
suspension ride displacement 1,2,3 +0.8
tire lateral force 1,2,3 +1.0
tire normal force 1,2,3 +1.3
Derived:
overall steering ratio 1,2,3 +1.5
ride camber coefficient 1 +2.0 +0.01 degrees/mm
2,3 +2.0 +0.02 degrees/mm
ride caster coefficient 1 +10.0 +0.01 degrees/mm
23 +100 +0.02 degrees/mm
ride shock absorber travel ratio 1,2,3 +5.0
ride steer coefficient 1 +2.0 +0.0002 degrees/mm
23 +2.0 +0.0004 degrees/mm
roll camber coefficient 1,2,3 +2.0 +1.0%
roll camber coefficient 12,3 +2.0 +2.0%
roll caster coefficient 1,2,3 +10.0 +1.0%
roll center height 1,2,3 +2.5 +2.5 mm
roll shock absorber travel ratio 1,2,3 +5.0
roll steer coefficient 1,2,3 +2.0 +0.25%
suspension roll displacement 1,2,3 +1.0

1. Measurement'accuracy, as a percentage of actual reading, should be no worse than
that listed..Forthose variables which may have values near zero, absolute measurement
accuracy.should be no worse than the absolute value shown.

Vehicle Type:
1 = passenger vehicles and light trucks
2 = heavy trucks
3 = commercial trailers

-63-



https://saenorm.com/api/?name=ec68275b32d92b5f04e3e8a024380086

SAE J1574-1 Reaffirmed MAY2005

TABLE 11B—TRANSDUCER ACCURACY REQUIREMENTS

Type of Typical Veh.  (Waccuracy
Variable Transducer Transducer Type Percent Absolute
camber angle angle, disp. rotary pot., LVDT 1,2,3 +1.0
caster angle angle inclinometer 1,2,3 +9.0
steering wheel angle angle rotary pot. 1,2,3 +0.5
roadwheel steer angle angle, disp. rotary pot., LVDT 1,2,3 +1.0
shock absorber disp. displacement linear pot., LVDT 1,2,3 +4.0
syspension 1at. aisp. displacement VDT T.2,3 1.5 T0.0Tm
syspension ride disp. displacement LVDT 1,2,3 +0.8
tirp lateral force force load cell 1,2,3 +1.0
tire normal force force load cell 1,2,3 +1.3

1. Measurement accuracy, as a percentage of actual reading, should be no worse than that listed. For
those variables which may have values near zero, absolute measurement accuracy sheuld be no
worse than the absolute value shown.

Vehicle Type:
1 = passenger vehicles and light trucks
2 = heavy trucks
3 = commercial trailers

8.3.2 TEST PROCEDURES

8.3.2.1 Measyrement of Overall Steering Ratio—A measurement of the change of steering wheel a
changé of roadwheel steer angles, over a range'of +5 degrees of roadwheel steer ang
sufficignt to obtain the overall steering ratio required for linear range simulation. The follow
should be followed to measure overall steering-tatio:

Place a low friction tire turn pad under each of the steered wheels.
Measure power steering vehicles with the power steering system operative.
Mount a steer angle transducerat each steered wheel. Install the steering wheel angle
Ingure that the vehicle is at'the desired trim condition.

Prepare recorders and-zero as required.

Turn steering wheelthrough a displacement equivalent to about 5 degrees of roadwh
and return to straight ahead. If immediate data display is available, record steer
rogdwheel angles. Display data for each wheel in X-Y format and check for im
maounting, invalid instrumentation, or inappropriateness of test vehicle. Correct as requ
g. Turn the steering wheel first to the right (to eliminate steering system lash) and then ba|
the left),<While recording steering wheel and steered wheel angles, turn the steering w

~0 o0 OoT®

hgle versus the
le, is normally
ng basic steps

transducer.

bel steer angle
ng wheel and
proper vehicle
red.

ck to center (to
heel to the left,

stpprng at approxrmately 5 degrees (toe out) of the left steered wheel. Reverse steering wheel

peat the cycle

twice by again turning to the Ieft (5 degrees toe-out) and then to the right (5 degrees toe-out). Return

the steered wheels to the straight ahead position.

This test may also be conducted by manually recording the steering wheel and roadwheel angles using

protractors (or similar device) attached to the steering wheel and the roadwheels (or tire tu

rn pads). This

method requires incremental measurements of steering wheel and roadwheel angles over the desired
range of roadwheel travel. Recorders and angular displacement transducers are not required, but
protractors for the steering wheel and roadwheels are. The steering wheel protractor should be graduated

in degrees and the roadwheel protractors should be graduated in degrees and minutes.
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8322

8323

8324

8325

8326

This method employs basically the same procedure as described previously, with the exception that the
data is manually transcribed at every 0.50 degree of roadwheel angle. The advantage of this procedure is
that the equipment required is minimal and relatively inexpensive. The disadvantages are that the
resolution of the data is dependent on the number and interval of the data points taken, and that the
accuracy becomes more sensitive to test operator error.

Measurement of Ride Camber Coefficients—Ride camber coefficients are determined by measuring the
change of tire inclination angle with ride displacement. The following basic steps should be followed to
measure ride camber coefficients:

a. Rigidly secure the vehicle to the ride displacement mechanism (Note: One or both axles may be
cytled in ride depending on the ride displacement mechanism used.)
Lork the steering wheel so that the test wheel(s) are in a straight ahead position.
Mount a camber angle transducer and a ride displacement transducer at each test-whegl.
Ingure that the vehicle is at the desired trim position.
Prepare recorders and zero as required.
Cyicle suspension(s) through the normal range of suspension travel _and return to the desired trim
pogition. If immediate data display is available, record ride travel and camber angle. Display data for
each wheel in X-Y format and check for improper vehicle mounting, invalid instrhmentation, or
ingppropriateness of test vehicle. Correct as required.
g. Adain cycle suspension(s) through the normal range of suspension travel and return to the desired trim
pogition, while recording data. Repeat two times.

~0oo00T

Measyrement of Ride Caster Coefficient—Ride caster ceefficients are determined by measuring the
changg in caster angle with ride displacement. Caster angle change is measured by measuring the
rotatiop of the knuckle(s) about a transverse, horizontal axis. Since the inclinometer is also $ensitive to any
angulgr changes about the Y axis of the test wheehor vehicle, it is important that any extrang¢ous rotation of
the velpicle with respect to its initial orientation-be avoided. The procedures are the same ag those outlined
above |[for ride camber coefficients, except that changes in caster angles, rather than charlges in camber
angled|, are measured. The equipment is(also the same, with the substitution of inclinometdr(s) for camber
angle {fransducer(s). If the inclinometer(s) is mounted to the roadwheel, the brakes must bg locked.

Measyrement of Shock Absorberravel Ratios in Ride—Shock absorber travel ratios | in ride are
deternmined by measuring the. change in length of each shock absorber with ride displacgément, using a
linear gisplacement transducer. The procedures are the same as those outlined in 8.3.2.2 {or ride camber
coefficjents, except that changes in shock absorber lengths, rather than changes in camber angles, are
measuyred. The equipment is also the same, with the substitution of displacement transducdr(s) for camber
angle fransducer(s)’

Measyrement of Ride Steer Coefficients—Ride steer coefficients are determined by feasuring the
changeg in‘readwheel steer angle with ride displacement. The procedures are the same as| those outlined
in 8.3.2.27for ride camber coefficients, except that changes in steer angles, rather than chamges in camber
angles, are measured. The equipment is also the same, with the substitution of steer angle transducer(s)
for camber angle transducer(s).

Measurement of Roll Camber Coefficients—Roll-camber coefficients are determined by measuring the
change of tire inclination angle with suspension roll displacement. Suspension roll displacement is defined
by the front or rear view rotation, relative to the sprung mass, of a line connecting wheel centers. For
independent suspensions, this requires the determination of both vertical and lateral wheel center
coordinates, and thus the use of both vertical and lateral displacement transducers. For solid axle
suspensions, it is not necessary to measure wheel center lateral coordinates, since a line connecting
wheel centers may be assumed to be of constant length. The following basic steps should be followed to
measure roll camber coefficients:
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8327

8328

L

Rigidly secure the vehicle to the roll displacement mechanism (Note: One or both axles may be cycled

in roll depending on the roll displacement mechanism used.)

b. Lock the steering wheel so that the test wheel(s) are in a straight ahead position.

c. Mount a camber angle transducer, a ride displacement transducer, and a lateral displacement
transducer at each test wheel.

d. Insure that the vehicle is at the desired trim position.

Prepare recorders and zero as required.

Cycle suspension(s) through the normal range of suspension roll travel and return to zero roll

displacement. If immediate suspension roll calculation (see paragraph 7.4.6 below) and data display is

available, record ride travel, lateral displacement, and camber angle. Display inclination angle vs.

suspension roll, in X-Y format, for each wheel and check for improper vehicle mounting, invalid

in%:rumentation, or inappropriateness of test vehicle. Correct as required.

-0

g. Adain cycle suspension(s) through the normal range of suspension roll travel andreturn to the desired
trim position, while recording data. Repeat two times.

Measyrement of Roll Caster Coefficient—Roll caster coefficients are determined by measuting the change
in caster angle with roll displacement. Caster angle change is measured by measuring thq rotation of the
knucklg(s) about a transverse, horizontal axis. Since the inclinometeriis™also sensitive fo any angular
changgs about the Y axis of the test wheel or vehicle, it is important that any extraneous|rotation of the
vehiclg with respect to its initial orientation be avoided. The procedures are the same as|those outlined
above [for roll camber coefficients, except that changes in caster(angles, rather than charjges in camber
angles, are measured. The equipment is also the same, with.the substitution of inclinometgr(s) for camber
angle {fransducer(s). If the inclinometer(s) is mounted to théroadwheel, the brakes must bg locked.

Measdrement of Roll-Center Heights—Roll-center heights can be determined by using either the
displagement or the equilibrium technique. The.displacement technique is based on measuring the
simultgneous lateral and vertical displacements ‘of the centers of tire contact during vehicle roll. This

displagement data defines an arc which represents the path of the center of tire contact. A
line to the tangent of each arc at zero roll angle points to the swing center. The height of thq
a pair pf such perpendiculars is the roll Center height. If wheel center displacement is tre

perpendicular
intersection of
nsduced, then

inclination angle and loaded radius must also be measured to determine the path of th¢ center of tire

Measurements of the vertical and lateral displacements of the centers of tire contact (with respect to the
center of tire
The perpendiculars to the tangent of each arc at a given vehicle trim height intersects at the
height|of the suspénsion roll center. An approximation to this technique can be made if it i$ assumed that
swing genters are symmetrically located. Then only a measurement of track change vs. suspension travel
is reqyired to'calculate roll center height. Neither of these alternate techniques will be covered in the
procedures;outlined as follows:

The equilibrium technique is based on measuring the simultaneous lateral and normal forces on the wheel
while suspension roll is held to zero. The lateral force may be input and transduced at any known location
on the wheel or through the tire support pad and the normal force may be transduced at any known
location, generally through the tire support pad. If each side of an independent suspension is tested
separately, then the rate of change of normal force with lateral force, along with their locations, provides
sufficient information to solve a statics problem which defines that suspension's swing center. As with the
displacement technique, the height of the intersection of lines connecting the centers of tire contact and
the swing centers defines the height of the roll center. If both sides of a suspension are tested together,
then the lateral forces must be applied to both sides simultaneously. The rate of change of tire lateral load
transfer with lateral force, along with their locations, provides sufficient information to solve a statics
problem which defines the roll center height.
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