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1.3

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, theterminology of SAE J6/70€ will be observed wherever possible.

The limitatjons associated with this document may be divided into those associated withithe uses of the final
data and fhe vehicle characteristics addressed. Limitations in both categories generally stem from the
limitations jof existing practices. Simulations which are not addressed are those involvihg laterdl accelerations

beyond the linear range, free control dynamics, combined lateral and longitudinal ‘accelerationf, accelerating
and braking performance, or oscillations of any parts of the unsprung,masses or steerjng system at
frequenciep above those associated with directional control. In additign, assumption 1}12b results in
experimental procedures and suspension data which is not useful for multiboedy simulations such as ADAMS or
DADS.
Vehicle and component characteristics which are not addressed are those not required for dirgctional control
simulation fin the linear range. While this list is clearly quite long; some bear mentioning for the ¢onvenience of
the user offthis document. These are:

a. Suyspension side view kinematic properties

b. Suspension steer and camber compliances‘resulting from longitudinal force, overturning moment, and

rolling resistance moment

c. Kimgpin and caster offsets

d. CHaracteristics of fifth wheels of articulated vehicles

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

f.  Tie force and moment characteristics (addressed in SAE J1106 and SAE J1107)

The first tw

In addition
associated

which will ot be fully-addressed are active and adaptive suspension systems, four-wheel steeri

sensitive 9
systems.

o of these may be addressed with methods analogous to those described in Section

certain other vehicle characteristics will not be addressed due to their relative ne
absence of established experimental practice. Examples of less conventional ch

teering. “\However, procedures formally discussed may well be adapted to these leg
buch @adaptation may be discussed when appropriate.

5 8 and 9.

vness and the
assis systems
ng, and speed-
s conventional

Character

stics Measured—The Ir':r::-\/imlc pamgmphc r‘mmring purpose, scope. and _asd

umptions 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

x

steering|wheel diameter
suspens|on or steering coordinates
suspens|on alignment

suspensjon trim height

tire presgure

tire treaq depth

wheel track

A A BADMDAEDDDNAEDDDAEDdDDS

wheelbake

Vehicle and Component Weights:
sprung Weight

tire normjal forces

total vehjcle weight

unsprung@ weight

(S¢S e |

Center df Gravity Positions:
sprung dg position

total vehjcle cg position
unsprung cg position

o O O

Moment$ and Products of Inertia
sprung rpass pitch moment
sprung rpass roll moment
sprung rpass yaw moment
sprung mass roll-yaw product
total vehjcle pitch moment

total vehjicle roll moment

total vehlicle yaw moment

total vehicle roll-yaw product
unsprunf mass pitch moment
unsprung mass roll moment
unsprung massyaw moment
unsprung mass roll-yaw product

NNN NN N NN NN NN

X X X X X X

X X X X

X ™ XX X X

X X X X

X X X X X X X X

Suspensierkiremeatic-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

0 0O O 0 0 0 0 0 0

roll steer coefficient

X X X X X X X X X X
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1.4

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 rate 9 X X

Shock Apsorber Characteristics:

bushingpring rate 10 X X

damping coefficient 10 X X

ride danping 10 X X

roll damping 10 X X

shock aljsorber spring rate 10 X X
Nature of Measurements—This document covers the measdrement of a broad range of vehicle
characterigtics using an equally broad range of experimental practices. This paragraph briefly outlines the
nature of these experimental approaches.

The measlirements of Sections 3 (Vehicle Description and Preparation) and 4 (Measurement
and Geomgtric Characteristics) generally involve only<méeasurements of linear dimensions, to v.
of accuracy. Measurement devices range from steeltapes to micrometers and are generally ay
vehicle shpps. In addition, a flat, planar referehnce surface (bed plate) and certain specia
required for a few of the measurements. In general, vehicle loading and suspension trim are im|

The measlirement of vehicle and component weights (Section 5) and center of gravity positid
generally require the direct measurement of weight or force. Scales of varying load capacity are
measurements. The measurement of center of gravity positions also requires a specialized til
measurement of angular displacement. The measurement of component weights and ce
positions requires some vehicle/disassembly.

pf 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

erally require a

The measiyirements of Section 8 (Measurement of Suspension Kinematic Characteristics) gen
displacement.
kinematic swing center.

All of the measurements require very specialized facilities for

er or camber

In some cases, equilibrium techniques can be used, allowing the indirect determination of a

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.

Use of SAE 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. Table’1 and 1.5 have indicated some
of this strycture. But, for convenience and reference for the following discussion, all of the sections of this
document pnd SAE J1574-2 are given as follows:

Rdgferences

hicle Description and Preparation

asurement of Dimensional and Geometric Charagcteristics

asurement of Vehicle and Component Weights

asurement of Center of Gravity Positions

asurement of Moments and Products of Inertia

asurement of Suspension Kinematic Characteristic

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

©CoNoO~®WDNE
=TI L

=
©

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

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

Variables Measured

Apparatus

Test Procedures

Data Processing and Presentation
Calibration Procedures

®opo o

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.

References

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

2.1.1

2.1.2

3.1

3.2

herein. Un

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

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

SAEJ6
SAEJ8

70—Vehicle Dynamics Terminology
74—Center of Gravity Test Code

SAEJ1106—Laboratory Testing Machines for Measuring the Steady State Force and Moment Properties
of Passenger Car Tires

SAEJ]
Md
SAEJ]
R4

TIRE AND
Suite 15

Tire ar

Vehicle Dgscription and Preparation

General V|
informatior
are preser
passenger
commercia
broad rang
may best
laboratory.

Specific M
addition tg
Sections 4
vehicle or
measurem
ratio is gef
tests, valu
common p|
independe

D, Copley, OH 44321.

107—Laboratory Testing Machines and Procedures for Measuring the Steady St
ment Properties of Passenger Car Tires

574-2—Measurement of Vehicle and Suspension Parameters for Directiofal”’Con
tionale

Rim AssociaTioN—Available from Tire and Rim Association, Inc., 175 Montrose

d Rim Association Yearbook

bhicle Description—A general vehicle description entails both qualitative an
and is usually accomplished by using a standard-form, designed for this purpose. T
ted at the end of this section. The first, -Kigure 1, is generally applicable to (1
vehicles and light trucks. The second, Figures 2, 3, and 4, is more specifically appl
| vehicles, both articulated and non-articulated, including a trailer. Both allow for the
e of vehicle types. As such, either may be more lengthy than required for a given
pe used as a reference for a simpler form, more suited to vehicle types encounterg

easurements—The vehicle’ definition summarized in the following description forn

a general description, various dimensions and weights whose measurement ig
and 5. Those addressed in Section 4 are generally, but not entirely, physical dim
its parts. Thos€ addressed in Section 5 are the static tire normal forces, amon
ent of overall steering ratio is addressed in Section 8. While accurate knowledge of ¢
erally requited for directional control simulation and for data reduction of certain dir
bs for gear_ratio or C factor (rack travel for each full revolution of the pinion) are gen
ractice,to use nominal values for these characteristics, if available, obtained from p
Nt sources, to more fully define the vehicle and/or check the directly measured overal

ate Force and

trol Studies—

\West Avenue,

d quantitative
wo such forms
on-articulated)
cable to heavy

iescription ofa

pplication and
d in a specific

ns includes, in

discussed in
ensions of the
) others. The
verall steering
pctional control
erally not. Itis
Art numbers or
steering ratio.
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GENERAL DEFINITION

Model

Fleet No.

[ ] Pilot

[ ] Development
[ ] Experimental
[ ] Power Brakes

Mileage

[ ] Prototype
[ ] Pretest

[ ] Power Stg.

Year Make
VIN
Body Style Body Code
Status: [ ] Production
[ ] Preprototype
[ ] Component
Options: [ ] Air Cond.
MAJOR BIMENSTONS
Wheelbase mm
Friont Track mm
MASS
NORMAL FORCES
kg RF kg
kg RR kg
figuration: Disp. 1
Layout: [ ] Front
Fupl: [ ] Gasoline
Induction: [ ] Carburetor
[ ] Supercharged
POWER TRANSMISSION
Drjive Wheels: [ ] FWD
[ ] Full 4wD
Transmission [ 1 Manual
FRONT SUSPENSION
SOLIP AXLE
[ | Leaf Spring [ ] Mult. Link

INDEPENDENT

Rear Track

nf. _(L4,...
] Rear
]-Diesel
J}OFuel Inject.
[ 1 RWD

[ 1 Automatic

[ ] Track Bar

[ ] Transverse
[ ] Alcohol
[ ] Turboch3rged

[ ] Part 4L

Forward Gears

Other

[ ] Uneq. A arm {+] Strut [ ] Mult. Link Number Links
Other

SPRINGS
[ [ Coil [ ] Torsion Bar [ ] Long. Leaf [ ] Trans. leaf
[ | Air Other
Material Code

STABJILIZER BAR
[ | %ink Type [ ] Strap Down [ ] Tubular Diameter __ | mm
Materiat Code

SHOCK ABSORBERS
[ ]Air 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 F
[ ] Uneq. A arm [ ] Strut [ ] Mult. Link Number Links
Other
SPRINGS
[ ] Coil [ ] Torsion Bar [ ] Long. Leaf [ JTrans. |Leaf
[ ] Air Other
Material Code
STABILIZER BAR
[ ] Link Type [ ] Strap Down [ ] Tubular Diameter _| mm
Material Code
SHOCK ABSORBERS
[ ] Air Pressure  kPa [ ] Selectable [ ] Adaptive
[ ] Active Code
RIDE |CONTROL
[ ] Level Control [ ] Active
REMARKS
r Type: [ ] Worm/Sector [ ] Rack and Pinion
Linkage Location: [ ] Ahead of W.C. [ ] Behind W.C.
Linkage Type: [ ] Pardalielogram [ ] End Take Off [ ] Ctr. Take Off
Asgist: [ ] Integral [ ] Linkage
[ Hydraulic [ ] Electric [ ] ElectrofHyd.
[*] Conventional [ ] Engine Speed [ ] Vehicle|Spee
Damper: [ ] Integral [ ] Linkage
Ratios: [ ] Linear [ ] Nonlinear
Overall :1  Gear :1 C-Factor __| mm
Stegering Wheel Dia.: Vertical Horizontal __ |
REAR
Gear Typeé: [ ] Worm/Sector [ ] Rack and Pinion
Linkage Location: [ ] Ahead of W.C. [ ] Behind W.C.
Linkage Type: [ ] Parallelogram [ ] End Take Off [ ] 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: [ 1 Disc [ ] Drum
ANTI-LOCK
Brand [ ] Front [ ] Rear
REMARKS
TIRES AND WHEELS
FRONT
Br3nd Size Model Const. _ |
St4tus: [ ] Production [ ] Experimental
Type: [ ] Mud + Snow [ ] Performance Other |
Corjstruction: [ ] Steel Radial [ ] Other Radial [ ] Belted Bias
[ ] Bias Other
Trdad: [ ] New [ ] Half Worn [ ] Full Worn
[ ] Shaved Depth mm
Prdssure: Pressure _ kPa [ ] Cold [ ] Hot
Rim: 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
Prgssure: Pressure _ kPa [ ] Cold [ ] Hot
Rin: Width mm Offset mm
FIGURE 1—VEHICLE DEFINITION
(PASSENGER\EHICLES AND LIGHT TRUCKS (NONARTICULATED)) (CONTINUED)
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PART I: UNIT TRUCKS AND TRACTORS

General
Chassis Cab
Year Make Model Millage
VIN Fleet No. GVWR GCWR
Status: [ ] Production [ ]Pilot [ ] Prototype
[ T Pre-prototype [ T Development [ TPretest |
[ ] Component [ ] Experimental
Cab Style: [ ]COE [ ] Cab Forward [ ] Conventjonal
[ ] Short Nose Conventionai
Options: [ ] Air Conditioning [ ] Other
Boay
Year Make Model 1D 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 WB mm
Mass
Tire Loads
Axle No. (from front): 1 2 3 4
Left Side: kg kg kg kg | kg
Right Side kg kg kg kg i 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 [ 1 Four Stroke
Induction: [ ] Carburetor [ ] Fuel Injection [ ] Turbocharged
Power Tran$mission
Transmissior
Make Model Number of Forward Gears
[ 1 Manugl [ 1 Automatic [ 1 OD Range Selector
Full-Time Dnve Axles
Make Model Axle(s) No(s)
[ ]1Single Speed [ ] Two Speed [ 1 Ratio(s)

[ ] Inter-axle Diff. Lock
Selectable Dyive Axles

Make Model Axle(s) No(s)

[ ]Singl¢ 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:

Model:

Load rati

Steering: [1] [] [1] []
Self-Steering: [] [] [1] []
Drive [1] [] [] []
Lift: H H H +

! Figure 2a identifies these and other dimensions.

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

P g p— p—

-11-
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Suspension

Includes Axle(s) No(s):

Make:

No.

Model:

Style—Single-Axle Suspensions

[ ] Leat Spring [ ]Air

Load Rating, kg:

[ ] Lift

[ ]1Othar

Style—Multj-Axle Suspensions

[ 1 Walking Beam [ 1Four Leaf

[ 1 Other

Spring(s)
Make _|

[ 1Air

[ ] Torsion Bar

Model

[ 1 Muitf-Leaf [ ] Taper Leaf

[ ] Air
[ ] Othdr

Remarkg

Suspensioj\

Include

[ ] Torsion Bar

No. of Leaves
[ ] Rubber Block

Length, mm ___

Axle(s) No(s):

No.

Make: _| Model: Load Rating:
Style—Singje-Axle Suspensions
[ ] Leaf|Spring [ AAir [ ] Lift
[ ]1Othgr
Style—Multi-Axle Suspensions
[ 1 Walking Beam [ ] Four Leaf [ 1Air [ ] Torsion Bar
[ ]1Othgr
Spring(s)
Make Model
[ 1 Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ 1Air [ ] 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 [ ]Air [ ] Lift
[ 10th
Style—Multj-Axle Suspensions
[ 1Four Leaf [ 1Air [ ] Torsion Ba

[] WaIIing Beam

[ ] Othér
Spring(s)
Make Model
[ ] Multj-Leaf [ 1 Taper Leaf

[ 1Air [ ] Torsion Bar

No. of Leaves
[ ] Rubber Block

Length, mm _|

[ ] Other
Remavl

Suspensioh No.

Includes Axle(s) No(s):

Make: _ Model: Load Rating:
Style—Single-Axle Suspensions
[ ]Leaf Spring [ JAir [ ]Lift
[ ] Othgr
Style—Mullj-Axle Suspensions
[ 1 Walking Beam [ ] Four Leaf [ 1AIr [ ] Torsion Ba
[ ] Other
Spring(s)
Make Model
[ 1 Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ 1Air [ ] Torsion Bar [ 1 Rubber Block
[ ]1Other
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: [ 1 Manual [ 1 Integral Asst. [ ]Linkage Asst.
Gear Location: [ ] Frame [ ]Axle
[ 1 Ahead of WC [ 1Behind WC

Ratios: Overall: 1 Gear: 1

Pitman th, mm Steering- Arm Length, mm

Ackerm3n wheelbase, mm

Handwhpel Dia, mm: Vertical Horizontal

Remark

Brakes
Actuation

[ 1Air
[] Hydr[ulic [ ] Vacuum Asst. [ 1 Hydraulic Power
Wheel Brakes

Axle No| (from front): 1 2 3 4 5

Make:

Disc: [1]
Drum: [1]
Disc or Drum size:

ey gy
et St
— g—
[S—y—)
——
[S—y—
— p—
[S—y—)

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

S-Cam: (] [] [1] [1] [1]
Slack Lgngth, mm:

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

Spring Brake:
Anti-lockK:

f— p——
[y —y
——
[e—yy—

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

p—
[Se e
— g
[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 Si

——
—_—
——
— —
—_——
[Syw—)

— oy
(U ")

— p—
— s

Tires

Make:
Model:

Size and Load Range:

Tread $tyle:
Tread Condition
New:

Half Worn:
Full Wom:
Tread Pepth, mm:

Pressufe, kPa:

p— gy —
[Ny Ry
———
—
(A Y
— p— —

[

TaKen: [ ]Hotor[ ] Cold

FIGURE 2—VEHICLE DEFINITION (UNFF AND ARTICULATED HEAVY TRUCKY

PART 1: UNIT TRUCKS-AND TRACTORS) (CONTINUED)
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PART li: SEMITRAILERS

General
Year Make Model Millage
VIN Fleet No. GVWR
Status: [ 1 Production [ 1Pilot [ 1 Prototype

[ ] Pre-prototype [ ] Development [ ] Pretest
[ 1 Component Experimental

Option efrigeration Other

[]
Body Style: H-Van — ..iquid—‘FaMer—[—]—pr—BuN(—'Fatnker
[ ] Flat Bed [ 1Single Drop [ ] Drop Cente
[IR [1]

Loading

Major Dimdnsions'

BH mm BL mm BW mm FH

KSB __| mm OH mm PH mm wWB

Mass

Tire Loads

Axle Ng. (from front): 1 2 3 4

mm
mm

Left Side: kg kg kg kg
Right Side: kg kg kg kg

Axle Nd. (from front): 6 7 8
Left Side: kg kg kg
Right S{de: kg kg kg

' Figure 3a idgntifies these and other dimensions.

FIGURE 3—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED

PART Il: SEMITRAILERS
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FIGURE 3—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)

SEMITRAILERS (CONTINUED)

PART II:
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Suspension No.

Includes Axle(s) No(s):

Make: Model: Load Rating, kg:

Style—Single-Axle Suspensions

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

Style—Multt-Axle Suspensions

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

Suspension No.

Include$ Axle(s) No(s):

Make: | Model: Load Rating:

Style—Single-Axle Suspensions

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

Style—Multt-Axle Suspensions

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

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

Includes Axle(s) No(s):

Make: Model: Load Rating, kg:

Style—Single-Axle Suspensions

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

Style—Mulli-Axle Suspensions

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

Suspensign No.

Includgs Axle(s) No(s):

Make: | Model: Load Rating:

Style—Single-Axle Suspensions

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

Style—Multi-Axle Suspensions

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

FIGURE 3—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)
PART Il: SEMITRAILERS (CONTINUED)
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PART lll: CONVERTER DOLLIES
General
Year Make Model Millage
VIN Fleet No. GVWR
Status: [ 1Production [ 1Pilot [ 1Prototype
[ 1Pre-prototype [ 1 Development [ 1Pretest
[ 1 Component [ 1Experimental
Sty|e: [ ] A nnlly [ } B nnlly
Other
Major Dimepsions
AF _ | mm oL mm WB mm FH
Mass
Tire Loads
Axle No} (from front): 1 2 3
Left Sidg: kg kg _____< kg
Right Side: kg kg kg
Axles
Axle No. (from front): 1 2 3
Spacind from pintle
hitch or|preceding
axle (S2)', mm:
Make:
Model:
Load rafing, kg:
Axle width (AW)', mm:
Track width (TW)', mm:
Dual sphcing (DS)', mm:
Self-stepring: [1] [1] []

' Figure 4a identifies thesé and other dimensions.

FIGURE 4—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED)
PART Ill: CONVERTER DOLLIES
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Suspension
Make: Model:
Style—Single-Axle Suspensions

[ 1Leaf Spring [ 1Air
[ ] Other

Load Rating:

[ ]Lift

Style—Multi-Axle Suspensions

[ 1Walking Beam
[ 1Other

[ 1Four Leaf

[ ]Air

[ ] Torsion Bar

Spring(s)

Make | Model

[ 1Muli-Leaf [ 1 Taper Leaf
[ 1Air [ 1 Torsion Bar
[ 10th

D
=

No. of Leaves
[ 1 Rubber Block

Length, mm ___ |

Remarks

Brakes
Actuation

[ 1Air
[ 1Hydraulic [ 1Vacuum Asst.
Wheel Brakes

Axle Np. (from front): 1

Make:

Disc: []
Drum: L]
Disc oil drum size:

——
—

Wedgsd: [1]
Wedgdq angle, degrees:

[]

S-Cant: []
Slack length, mm:

1]

Automatic slacks? [1]
Air chgmber type:

[]

Anti-logk: [1]

[]

[~] Hydraulic Power

Anti-Lock Make:

Remarks

Anti-Lock Model:

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 —
p— p—
—

Tires

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

Taken: [ JHotor[ ] Cold

———
—_— e —
— p— —
— e —
— p— p—
—_—

FIGURE 4—VEHICLE DEFINITION(HEAVY TRUCKS—UNITS AND ARTICULATY

PART Ill: CONVERTER DOLLIES (CONTINUED)

ED)
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P : F AILE
General
Year Make Model Millage
VIN Fleet No. GVWR
Status: [ 1 Production [ 1Pilot [ ] Prototype
[ 1Pre-prototype [ 1 Development [ ] Pretest
[ ] Component [ 1Experimental
Body Style: [ 1Van [ 1Liquid Tanker [_1Dry Bulk Tanker
[ 1Flat Bed [ 1Single Drop [ 1Drop Cente
Optiops: [ ]1Refrigeration Other:
Loading
Major Dirpensions'
AF mm BH mm BL mm BW mm
FH mm KPS mm OH mm PH mm
wB mm wWBD mm
Mass
Tire Loads
Axle No. (from front): 1 2 3 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.
FIGURE 5—VEHICLE DEFINITION (HEAVY TRUCKS—UNIT AND ARTICULATED

PARTIVFULCTRAILERS

-28-



https://saenorm.com/api/?name=5b86005fc3188d444fd204b420afdfc6

“SUOISUBWUIP JaUJ0 PuB g8y} Sayiuap! Bg ainbiy |

[] X W

[] :Buusslg-jes

‘ww ‘ (s[) Buroeds [eng

ww ‘(ML) yipim yoel |

ww * (MY) Upim 81Xy

6 ‘Bunes peo

SAE J1574-1 Revised MAR2000

‘lopo

el

‘ww ‘ (ug) eixe Buipadsid
Jo uidbyp| wouy buioedsg

A :(1uody wouy) "oN 8|xXy

sa|Xy

PART IV: FULL TRAILERS (CONTINUED)
-29-

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



https://saenorm.com/api/?name=5b86005fc3188d444fd204b420afdfc6

SAE J1574-1 Revised MAR2000

Suspension No.

Includes Axle(s) No(s):

Make:

Model: Load Rating, kg:

Style—Single-Axle Suspensions

[ ]Leaf
[ ]1Othe

Spring [ 1Air [ 1Lift
r

Style—Multi

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

[ ] Othe

Spring(s)

Make _|
[ 1Multi
[ 1Air

[ 10theg

Remarkis

Suspensio
Includes

Make: _|

Style—Single-Axle Suspensions

Axle Suspensions

r

|  Model 00

HL_eaf [ ] Taper Leaf No. of Leaves Length, mm __|
[ ] Torsion Bar [ 1 Rubber Block

r

h No.

Axle(s) No(s):

Model: Load Rating:

[ 1Leaf[Spring [ 1Air [ 1Lift
[ 10Othdr
Style—MultirAxle Suspensions
[ 1WalKing Beam [ 1Four Leaf [ 1Air [ 1Torsion Bar
[ ]Other
Spring(s)
Make Model ;
[ ] Multi-Leaf [ ] Taper Leaf No. of Leaves Length, mm
[ TAir [ 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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Suspension

Includes Axle(s) No(s):

Make:

No.

Model:

Style—Single-Axle Suspensions

Load Rating, kg:

[ ]Leaf Spring [ 1Air [ ]Lift.
[ ]1Other
Style—Multi-Axle Suspensions
[ 1Walking Beam [ 1Four Leaf [ 1Air [ 1 Tersion Bar
[ 1Other
Spring(s)
Make Model
[ ] Multi-ILeaf [ ] Taper Leaf No. of Leaves Length, mm __|
[ 1Air [ 1 Torsion Bar [ 1Rubber Block
[ ]1Other
Remarks
Suspension|No.
Includes Axle(s) No(s):
Make: _| Model: Load Rating:
Style—Single-Axle Suspensions
[ 1Leaf Spring [ ]1Air [ ]Lift
[ ]1Other
Style—Multi-f\xle Suspensions
[ 1Walking Beam [ ]1Four Leaf [ 1Air [ 1 Torsion Bar
[ ]1Other
Spring(s)
Make Model .
[ 1 Multi-Leaf [ 1 Taper Leaf No. of Leaves Length, mm
[ 1Air [ 1 Torsion Bar [ 1 Rubber Block
[ ]Other
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
for a certain test will be discussed in the appropriate section.

4.1

4.2

42.1

a.

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.

wh

ich 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

S¢
20
CHh
S¢
Sp
D4
av|
bal
ad

Measureni

Variables
be docum
dynamics

configurati
transmissi
variable.

In the des|
Table2 shq

Apparatu
GENERAL
are disc

requirem

Most of
specializ

kPa, to reflect warm-up effects, or predetermined out-of-specification values.

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

t suspension alignment to manufacturer's recommended settings ar)‘predete
bcification settings.

termine suspension trim heights at curb loading, if manufacturer's specifications for t
hilable. In the measurements discussed in subsequent sections) it'may be more

dressed in 3.1 (Vehicle Preparation) of each section.
ent of Dimensional and Geometric Characteristics
Measured—As discussed in Section 3, there are;asnumber of vehicle characteristic

simulations.  Many of these characteristics,-ate qualitative, involving only notation
bn of certain components or the presence of certain options (power steer

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

PERFORMANCE REQUIREMENTS—Specific accuracy requirements for the measurem
Issed in 4.2.3'and Table 3. These comments are intended to outline the generg
ents for theSe-tools, focusing on those of a specialized nature.

thesg’,measurements require only the determination of linear dimensions and
ed test’apparatus. General performance requirements for most of these measurems

simply e

last the vehicle to proper tire normal forces or to proper sugpension trim heights.

t tire pressures to manufacturer's recommended cold pressures (at 21 °C room ten{perature) plus

mined out-of-
[im heights are

appropriate to
This will be

5 which should

bnted to fully define a test vehicle, either for future reference or for direct application to vehicle

of the size or
ng, automatic

bn). Others require measurement. Theyrare shown in Table 2, with approximate ranges for each

the ranges of

ent apparatus
| performance

lo not require
nt devices are
ed facilities are

ncompassed in the measurement accuracy requirements of 4.2.3. But two specializg

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

discusse

d 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
thifthrwheetoffset)
pintle height 2,3 800 to 1100 mm
pintle overhang 2,3 700 to 2700 mm
roadwheel diameter 1 12.0to 17.0in
2,3 15.0t0 24.5in
roadwheel offset 1 -150 to 150 mm
2,3 -180 to 180\mm
roadwheel width 1 4.0 tg'11\0 in
2,3 6.0'te, T4.0 in
stabilizer bar diameter 1 Q to 40 mm
2 0 to 50 mm
3 0 to 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 1 0 to 500 mm
2,3 0 to 1000 mm
tire tread depth (new) 1 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 to 2.0 degrees
caster 1 0.0 to 10.0 degrees
2 1.0 to 5.0 degrees
toe-in (per wheel) 123 0.0to 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
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TABLE 3—TRANSDUCER REQUIREMENTS

Type of Typical veh. ®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 2,3 +0.2
intte-overhtang frear-disp- steet-tape 23 B2
foadwheel diameter linear disp. rim disk tape 1,2,3 .5
Foadwheel offset linear disp. steel scale 1,2,3 +0.5 +0.2 mm
Foadwheel width linear disp. steel scale, 1,2,3 +0.5
inside caliper
Stabilizer bar dia. linear disp. vernier caliper, 1,2,3 +0.2
micrometer
Steering 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 = heavytrucks
3 zreommercial 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

4.2.3

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 gteel tape. In some cases, a plumb line or level may be helpful in obtaining thecpr
point in question. Dimensions of parts can be determined with either calipers and a pregision
micrometer. Tire tread depth is most conveniently determined with a tread depth gagé.\Fhis i
internal dlepth gage proportioned and calibrated for this function.

The megsurement of suspension or steering coordinates usually requires more specializ
Traditional methods rely on the surface plate as a vertical position referente‘and a designats
vehicle, such as the front axle centerline, as the horizontal reference. Vertical measurements
adjustable pointers and vernier scales. An additional, small surface plate is helpfy
measurgments are made with flexible steel tapes on the surfa¢e plate. The horizonta
compongnt is established with a plumb line. In laboratories wherg&.such measurements are m
the tradifional methods are too time consuming. Computerize€d coordinate measurement mag
or theodglites relying on computerized triangulation, are preferable tools in such cases.

Surface
They arg
this disclission, such details are not particularly significant and a surface plate will simply be d
essentially undeformable surface meeting thérequirements of 4.2.3. Wheel alignment fag
commergially available and vary widely in.configuration. They provide for support of the veh
on level,[coplanar supports, which may+be adjusted to accommodate different wheelbases an
Supportg for the tires of an axle allew-Steer and track change with minimal friction. Variol
transdudjng steer and camber, often.optical, are used by different manufacturers.

plates are commercially available and may ke’ simple or complex in their design al

Djection from a
scale or with a
5 a specialized

ed equipment.
bd point on the
are made with
[.  Horizontal
| position of a
ade frequently,
hines (CMMs),

nd installation.

often made of steel and may have grooves' designed for attaching other test appayatus. But, for

bfined as a flat,
ilities are also
icle on its tires
H wheel tracks.
s methods for

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

PERFORNIANCE REQUIRENENTS—Since most of the tools required for these measurements a
the perfgrmance requirements for each can be summarized by the expected magnitude of the
measured and the\required accuracy to which it must be measured. The expected magnitude
Table 2.| (Experience at a given laboratory may indicate ranges of variables smaller than tho
The reqyired;accuracy for each variable is shown in Table 3.

e transducers,
variable to be
s are shown in
se of Table 2.)

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

43.1

4.3.2

4321

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.

TEST PR

MeasUrement of Linear Dimensions—For the purposes of this discussion, measuremen
dimen

To detprmine these dimensions:

a

DCEDURES

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

I of the linear

sions listed in Table 2 or 3 can be divided into those which require that.the vehicle be on a surface
plate gnd those which do not. In the latter category are: roadwheel dimensions, stabilize
steering wheel diameter, and tire tread depth. The remainder, and majority; do require a su
will be
measurements in the order of Tables 2 and 3.

bar diameter,
rface plate and
vs will address

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

thj vehicle forward and backward at least one tiré eircumference each way to remove
tunning 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-trim heights. Repeat until desired trim height
Wi(lhin manufacturer's tolerances.

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

Mgasure dual spacing horizontally between the centers of tire contact of all dual a
values on opposite sides of an.axle.

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

Megasure 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. A
onlopposite sides of the vehicle.
Megasure the _suspension trim heights established in 4.3.2.1c to the accuracy requireme
Average’yalues on opposite sides of the vehicle.

Mgasurethe wheelbase horizontally between wheel centers (or to the center of the

any effects of

D.

5 are obtained,
ions. Average
les. Average

he rear axle (at

re consistently
verage values

nts of Table 3.

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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4.3.2.2

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. To determine these
dimensions:
a. Common practice is to not measure roadwheel diameter, but rather to use the nominal 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, ccgmpared to the
hejght of the mounting surface above the reference plate, gives the offset.

Measure roadwheel width with the tire removed. It should be measured between the bead seats,
parallel to the spin axis, in accordance with the guidelines of the Tire and RimyAssociatlon Yearbook.
Mgasure stabilizer bar diameter at least three locations along the center,, torsional, section, and
average the readings.
Mgasure steering wheel diameter (to the outside of the rim) horizontally’and vertically and average the
values.
Megasure tire tread depth at crown and shoulders of tire at twoscircumferential locations which are
18Ddegrees apart. Measure to the groove bottoms, avoiding.the treadwear indicator pars. Average

th

Measu
manuf
the stq
values|

Measu
room t
to this
linear

recom

Calibratio
maintained
tapes, sca
may be co
installed a
inclinomet
calibrated
calibrated

six readings.

hcturer's recommendations. Check the suspension trim heights again and ballast as
ering wheel in the straight ahead position and measure camber, caster (if applical
If required, adjust to manufacturer's recommended values.

rement of Tire Pressure—Measure tife pressure under “cold” conditions, which m
bmperature (21 °C). Prior to measurement, vehicle (and tires) should be allowed to
temperature. This is most conyeniently accomplished by measuring pressure after
dimensions discussed previously. If required, pressures should be adjusted to
mended values.

n Procedures—Measurement devices discussed in the last section should |
, and calibrated(to, provide the accuracy outlined in 4.2. Generally, any laborato
es, or micrometers will have sufficient inherent accuracy without periodic calibration.
mpared to_ashigher standard if such questions arise. Suspension alignment equipn
nd calibrated according to the manufacturer. Camber and toe-in may be calibrated v
br or protractor. Tire pressure gages are available in a wide range of accuracy. All s
with>a” dead weight laboratory gage calibration device or compared periodically,

rement of Wheel Alignment— Mount the test vehicle on the alignment facility acgording to the

required. Lock
le), and toe-in

ans at normal
ully equilibrate
measuring the
manufacturer's

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

eference gage.
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51

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 Yveight (of each suspension), and sprung weight (total minus total of unsprung wei
shows appfroximate expected ranges for these weights, at curb loading condition. In additien,)ée
for individyal tire normal forces are shown as an aid in scale selection. (For tandem™axles

normal fo
measurem
by the exp

In the des|
Table4 shq

ce” will be assumed to represent the sum of tire normal forces at the’end o
ents are to be made at higher loading conditions, the total and sprung weights shoul
bcted vehicle payload.

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

TABLE 4—VARIABLES MEASURED

ghts). Table 4
pected ranges
the term “tire
an axle.) |If
i be increased

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.uhsprung 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 25000 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

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 normal force and component

weight rg
use and
onto the
generally

driven on and off the scale.

In measyring tire normal forces, if a single, small scale is used, either the s¢ale or vehicle mug

that the
readings
These rg
must pra

impaired|

Commorn
tire normj

Scales f
ranges

Many types of scales exist for measuring(static weight.
document. Basic types utilize mechanieal, hydraulic, or pneumatic balance, or elastic transdd

5.2.3 PERFOR
with the
transdud
are also
and hori
worse th

planarity

5.3 Test Proc

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\driyi
scale(s), but laboratories which must measure the weights (tire normal forces) of
use scales which are flush with the floor or approach roadway, allowingthe vehig

hormal force of each tire or tandem pair can be measured successively. If multiple sq
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_J1574-2 for this section.
vide for proper positioning of the vehicle's tire(s) on-thie scales such that scale g

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

r suspensions and suspension parts should'be chosen according to the size of the
Table 4, and the accuracy requirements:of Tables 5a and 5b.

They will not be discussed in an

ANCE REQUIREMENTS—OVerall measurement accuracy requirements for the variab
addition of longitudinal and lateral weight distribution, are shown in Table 5a. §

\

ing the vehicle
many vehicles
le to be easily

t be moved so
ales are used,
Aanar and level.
Such scale(s)
ccuracy is not
considerations.
ts of individual

parts, the load

y detail in this
cers.

es of Table 4,
bcale (the only

er) accuracy requiremients are shown in Table 5b. In addition, requirements for level and planarity

shown. Lack of(leyel and planarity can affect apparent total weight, individual tire
vontal position _0fthe vehicle center of gravity. As a result, overall measurement a
an the scale~accuracy. Overall accuracy requirements and the effects of scale e
on overall. measurement accuracy are discussed in 5.2.3 of SAE J1574-2.

pdutes

normal forces,
ccuracy will be
ror, level, and

5.3.1 VEHICLE

appropriate axle loads, if necessary.

PrerparRATION—Refer to 3.3 for general vehicle preparation.

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 (1)Accuracy
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
Derived:

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

the absolute value shown.

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

TABLE 5B—TRANSDUCER ACCURACY REQUIREMENTS

Type of Typical veh. WAccuracy
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
flear unsprung weight force scale 1,2,3 +
cale level, side view, 1,2,3 +0.2 degree
cale level, frontAuew 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

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.

5.3.2.2 Measurement of Vehicle Component Weights—To measure the vehicle unsprung weights, each must be

54

54.1

5.4.2

5.4.3

5.5

55.1

6.

6.1

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 the appropriate
components.

Clgan components and remove extraneous material.

CHeck functioning of the scale, and set or record zero as required.
Place each component on the scale and record scale reaction.
Cqrrect scale reaction with the scale zero.

Rgpeat steps a through e for other vehicle components of intetest.

~poooT

Data Prockssing and Presentation

DETERMINATION OF TOTAL VEHICLE WEIGHT—Determine the’total vehicle weight by adding tir¢ or axle loads
as requined.

DETERMINATION OF UNSPRUNG WEIGHTS—Deterpmine 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 component, in
accordance with the discussion of 5.3.2.2.0f SAE J1574-2.

DETERMINATION OF VEHICLE SPRUNG.WEIGHT—Determine the sprung weight by subtracting the sum of
unsprungl weights from the total vehicle weight.

Calibratiop Procedures
CALIBRATION OF WEIGHT\ScALEs—Calibrate the scales with dead weights which are sufficjently close to
referencg standardsdn-accuracy to ensure test accuracy consistent with that of Table 5. The weights should

include the range of values of the components to be measured.

Measurenjentiof'Center of Gravity Positions

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
commercial trailers)
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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 degréees
2,3 0 to 15 degrees
table restoring moment 1 0 to 6R00\N'm
2,3 0,t0'30 000 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 -5to 5 mm
2 —20 to 20 mm
3 —10 to 10 mm
unsprung mass cg z position 1 250 to 450 mm
2,3 375t0 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 g y position 1 —-251t0 25 mm
2 —100 to 100 mm
3 —50 to 50 mm
tetalvehicle 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
configurgtions for each. They are:

a. Suspension Method

—7Vehicle suspended by cable and slings
—¢g hung beneath successive suspension points
—¢g X, Y, and z coordinates measured

b. NJll Point Method

—yVehicle on platform supported by two knife edges
—¢g balanced successively above each knife edge
—¢€g X, Y, 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
—+¢€Jd X, Y, and z coordinates measured

d. Weight Reaction Method

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

e. Bglance Method

—yVehicle on platfortn supported by one knife edge
—¢g x and y cooerdinates measured

The methods are(described as pertaining to construction and industrial vehicles or machinery, but the
apparatys may he>sized to apply to passenger cars, light trucks, or suspension components$ as well. The
suspens|on meéthod is also a simple approach for determination of suspension component gart cg location
due to theCrelative 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 laterql orientation is
presumed in this discussion due to the added convenience provided for locating the vehicleé and measuring
its latera] displacement. The longitudinal orientation provides the minimum edge of table-disglacement for a
given angular displacement and may thus be a more convenient orientation within @ 'given laloratory space.
Otherwide, there is no advantage of one orientation over the other.

The tilt-t
is recom
transdud]
Other re

The scal

ble protractor can be a purchased or a fabricated device; however) a precision spirit
mended. Vehicle mass shift relative to the table pivot axis issmeasured by a smal
er. A dial-type displacement indicator is a readily availahlendevice with the requ
uired machinist's scales, height probes, etc., are also genérally available standard d

e for lightweight components may also serve in measurement of the tilt table restorin

evel protractor
| displacement
ired accuracy.
evices.

g moment with

the proper length moment arm, variable height support:structure, and isolation from off-pxis inputs. A
suitable force transducer may also be used in measurement of restoring moment, in place of {he scale.

PERFORNIANCE REQUIREMENTS—AcCcurate measurement of several variables is required. Measurement of
wheelbage, wheel tracks and trim heights iss¢overed in Section 4 of this document,|and separate
measurgment of individual tire normal forces, total vehicle weight, and unsprung masses| is covered in
Section . This discussion assumes thesg variables to have been measured to the accuracy requirements
of Tablef 3 and 5a and 5b, as applicable. The overall measurement accuracy requirements are shown in
Table 74. These requirements are discussed further in 6.2.3 of Section 6 of SAE J1574-2.

For simglicity, an accuracy requirement for table restoring moment is given, even though thig is not usually
measurgd directly. If the restoring moment is determined by measuring a restoring force jacting through
momentjarm(s), all of these measurements in aggregate should allow the determination of regtoring moment
to 0.2%.| This is also diseussed further in SAE J1574-2.

The accyracy requirements shown in Table 7a for cg x and y positions stem from the weight distribution
requiren]ents gf Table 5a. The accuracy requirement for the measurement of longitudinal weight distribution,
in Table pa, 15-0.2%. As a result, the total vehicle cg x position can only be determined to abqut 0.5%. (This
is becaugedhe cg x position is known to 0.2% of the wheelbase and to 0.4% of a half wheelbase, 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 TA—MEASUREMENT ACCURACY REQUIREMENTS

Vehicle MAccuracy
Variable Type Percent Absolute
Primary:
tabte-angte 23 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
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 percentageof 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\rack.

Vehicle Type:1 =,passénger vehicles and light trucks

2 = heavy trucks
3 = commercial trailers

TABLE 7B—TRANSDUCER ACCURACY REQUIREMENTS

Type of Typical veh.  @Accuracy
Variable Transducer Transducer Type Percent Absolute
table angle angular disp. protractor, 1,2,3 +0.1
ir\nliv‘\r\mntr\r

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 mea-
surement 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

6.3.2.2

VEHICLE PREPARATION—Refer 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

Measurement of Total Vehicle Center of Gravity Position—The following steps shouldnb
measuring the total vehicle center of gravity position:

a. Ddtermine that all measuring devices have been properly calibrated, thatyany wei
reqading zero in the unloaded condition and that external influences, such as wind b
open doors, are eliminated.

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

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

e followed in

pht scales are
owing through

approximately

d. Sdcure 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 veh
trign heights at body, frame, or suspension locations, bath*ffont and rear.

e. Make all reference measurements at zero tilt angle.

f.  Any extra jacks, blocks, or beams required for vehicle support that are not included in t
bajance operation (see 6.4.3) must be weighed'@nd their cg height(s) above the table
measured.

g. Sdt up a displacement indicator to measure:lateral displacement of the side of the veh
the table) at the approximate longitudinal*and vertical cg location.

h. Starting at the maximum angle, increment tilt angles to zero using only the restoring m
measuring transducer or scale and.moment arm system to hold the table in the tilted p
tabple to approximate starting angle by incrementing tilt angles upward. (Cycling the t3
exfreme positions prior to taking moment, angle and deflection measurements may be r
the system for repeatable\results.)

i. Rgad and record overturning moment, tilt angles, and vehicle lateral displacement for e

Measurement of Unsprung Center of Gravity Positions—It is assumed that all unsprun
suspemsion have <been weighed in accordance with the recommendations of Section 5.
assumied that the) center of gravity of each part or subassembly can be determined u
suspemsion oraull point method. The following steps should be followed in measuring eac
unspryng €enter of gravity position:

icles). Record

he table set-up
pivot must be

cle (relative to

ment from the
sition. Return
ble through its
bquired to “set”

ach tilt angle.

g parts of a

Further, it is
5ing either the
N suspension's

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 PosITlIoN—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=[P3+P,IL/[P; +P,+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

P, left front tire normal force

P, right front tire normal force

P53 left rear tire normal force

P, right rear tire normal force

The vehicle lateral cg position is determined using the same methods. The equation for its gosition relative
to the vehicle centerline was given in 5.2.3 and is repeated in Equation 21

C=[(Py,=P)(T/2)+ (P, —P3)(T,/2)]/ (P, + R+ P3+ P, (Eq. 2)
In this equation, T¢and T, are the front and rear wheel tracks, fespectively.

The totgl 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 +¢h form. To determine the center of gravity height:

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

where:

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

b. Udging linear regression methods, determine the slope of the relationship between the previous
vafiable and the-value tan®, where 6 is the table-tilt angle. This is the height of the vehicle, plus
attachment hardware, above the pivot axis. Convertto mm units.

c. Uding prineciples 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 cqrrecting 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

6.5

6.5.1

6.5.2

6.5.3

6.5.4

6.5.5

7.1

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.

Calibration Procedures

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

RESTORING MOMENT TRANSDUCER—The _moment _measuring device should be calibrated with a range of

balance
platform
loading

Table 74.

TiLT TAB
including
Check fq
accuracy
moment
requiren

PRrEciSIQ
for Stand

DiAL INDI
esis.

Measuren

Variables

b in the same manner and to the same load as they will be used. Off-axis and.grdg
on scale platform) should be avoided. Hysteresis should be well within the accuracy

| E OR PLATFORM—The table with all accessory equipment attached in normally

all stands, blocks, cables, transducers, etc., must be statically, balanced about
r pivot hysteresis. It should be small enough that the restoring_moment can be m
requirement of Table 7b. If restoring moment is measured using a force transducer
arm(s) should be measured to allow determination of restoring moment consistent wi
ents of Table 7b.

ardization and Testing.

CATOR DisPLACEMENT DEvVICESs—Use gage blocks or a micrometer head to check. CH

ent of Moments and Products of Inertia

Measured—In order to perfertr’ simulations of transient directional control responses

ride motio
control si
sprung m
mass roll

for the unsprung mass.

s, certain moments, and ‘products of inertia of the vehicle are required. The simg
ulations require total tvehicle yaw moment of inertia while the simplest ride simu
s pitch moment of-igertia. More complex directional control simulations generally
nd yaw moments of inertia and the roll-yaw product of inertia, as well as the yaw mdg

weights (and a moment arm length) of known accuracy. Care should be exercisedl to load scale

ssly off-center
requirement of

Ised positions
the pivot axis.
casured to the
then the table
h the accuracy

N PROTRACTOR—A laboratory grade spirit level protractor should be calibrated to a National Institute

eck for hyster-

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

This docurnent wilkassume that the six aforementioned inertia properties must be determined. The sprung

mass inertfal properties can be determined by:

a.

Mgasurement of total vehicle and unsprung mass inertial properties with calculation @

f sprung mass

inertial properties

b.

Measurement of sprung and unsprung mass inertial properties with correction for one half of parts

attached to both sprung and unsprung masses (see discussion in 5.3.2.2 in SAE J1574-2 for Section

5)

Both of these approaches are cumbersome.

and with calculation of total vehicle yaw inertia

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 inerti

al 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 1,2,3 0.2to0.5s
total vehicle roll period 1,2,3 0.2to05s
total vehicle roll acceleration 1,2,3 3.0to 20.0 degrees/s2

total vehicle yaw period 1,2,3 0.2t00.5s
total vehicle yaw reaction moment 1 0to 25 N-m
2 0to 125 N\m
3 0 to 350,N-m
unsprung mass pitch period 1,2,3 0.2t00.5s
unsprung mass roll period 1,2,3 0.2t00.5s
unsprung mass roll acceleration 1,2,3 3.0 to 20.0 degrees/s?
unsprung mass yaw period 1,20:3v* 0.2t00.5s
unsprung mass yaw reaction moment 1 O0to5N-m
2 0to 15N-m
3 0to 35 N-m

Derived:
sprung mass pitch moment of inertia

sprung mass roll moment of ifiertia

sprung mass yawmoment of inertia

sprung mass-roll-yaw product of inertia

total vehicle pitch moment of inertia

750 to 7500 kg-m?

11 000 to 41 000 kg-m 2
34 000 to 113 000 kg-m?
150 to 900 kg-m?2

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

900 to 7500 kg-m?

11 000 to 41 000 kg-m 2
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?2
15 000 to 55 000 kg-m 2
45 000 to 150 000 kg-m?2

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

W N EFEP WONEFE WONREP ONHWOMNEP ONP ONPRPWONPRP WON P

2000 T200 Kg-m=
2300 to 8300 kg-m?
6800 to 23 000 kg-m?
1200 to 10 000 kg-m?2
15 000 to 55 000 kg-m 2
45 000 to 150 000 kg-m?2
—75 to 75 kg-m?

—350 to 350 kg-m?
—1000 to 1000 kg-m?
250 to 2500 kg-m?
3800 to 14 000 kg-m?
11 000 to 38 000 kg-m 2
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7.2 Apparatus

7.2.1

7.2.2

TABLE 8—VARIABLES MEASURED (CONTINUED)

Vehicle
Vehicle Type Range

unsprung mass roll moment of inertia 1 50 to 300 kg—m2

2 600 to 2100 kg-m?

3 1700 to 5800 kg-m?
unsprung mass yaw moment of inertia 1 300 to 2500 kg-m?

2 3800 to 14 000 kg-m?

3 11 000 to 38 000 kg-m 2
unsprung mass roll-yaw product of inertia 1 -10to 10 kgm2

2 -35 to 35 kgm?

3 —-100 to 100 kgm“

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

3 = commercial trailers

GENERAL
involves
measurgment of period and, possibly, reaction moment. Various¢configurations may be
discussgd in 7.2.2. In general, they must provide a low friction pivot.of known location and a
moment |of known rate. Measurement of products of inertia requires either the reorientation g
(or reorigntation of the vehicle) or the measurement of out-of<plane moments. The measurem
also reqliired. 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 2land 4.

PERFORMANCE REQUIREMENTS—The measurement of these moOments and prod

Measurgment apparatus must be capable of determination of yaw moment of inertia about

icts of inertia

the low-frequency oscillation of the vehicle or unsprung massgs.about a low frictiom 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

through the total center of gravity, of roll moment of inertia about a longitudinal axis contained in the vehicle

plane of[symmetry, of pitch moment of in€rtia about a lateral axis perpendicular to the veh
, and of roll-yaw product of in€rtia relative to the previously defined roll and yaw ax
location pf these axes is not constrained and usually depends on the simulation application,

icle's plane of
es. The exact
It is common

practice [to measure one or more ‘moments of inertia about axes convenient for testing and to calculate

correspgnding inertias about_dther axes using inertia transformation theory. As a result,
measurement of these inertias will be general with regard to axis location.

GENERAL CONFIGURATIONS—Roll and pitch inertia measurements are usually made with the
and apppratus by ttrning the vehicle or pivot axis 90 degrees after the first measuremen
general, [principakinertias, or inertias about axes passing near the center of gravity, are sought
less trug 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

discussion of

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

eliminatihg7an 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 restoring effect for an

axis near the center of mass.

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

in conjunction

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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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

Knowled
product
axis whi
perpend
axes, wi
inertia.)
or vice-v|
7.2.3 PERFOR
are shoy
interests|

Table 94
Period c

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

1= Ixxx2+I22222IXsz
ge of the moments of inertia and degree of coordinate rotation allows determination
pf inertia. A more direct method is to provide for single degree . oDfreedom 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

Roll-yaw product of inertia is determined by measuringvyaw reaction moment during
prsa. This method will be the one discussed in thisxdocument.

ANCE REQUIREMENTS—OVverall measurement<accuracy requirements for the variak
n in Table 9a. Transducer accuracy requirements are shown in Table 9b. (Ng
of space, “moment” and “product” are used for “moment of inertia” and “product of in

shows the most stringent accuracy requirements with the addition of types of typic

of time,

hn also be measured by transducing displacement, velocity, or acceleration, recordin
nd determining the elapsed.time for a number of cycles. In addition, roll accelerati

yaw” moments
four moments

(Eq. 4)

of the roll-yaw
n about a fixed
nts about axes
perpendicular

h successive oscillations about each, allows the determination of all six moments and products of

roll oscillation,

les of Table 8
te that, in the
ertia.”)

Al transducers.
g as a function
bn can also be

7.3 Test Procedures

7.3.1

7.3.2

measuregd by transducing displacement or velocity, recording as a function of time, and taking|first or second
derivatives. Table 9b assumestthe use of accelerometers to directly transduce roll acceleratign.

VEHICLE [PREPARATIGN—Prepare the vehicle in accordance with the guidelines of 3.3. The vehicle should not
be ballagted to particular tire normal forces, since various methods of ballasting may not givg unique inertial
propertids. It;should be trimmed to the same suspension trim heights for which the centertof-gravity was
determined in~Section 6. The fuel tank should be drained (in order to avoid the introdugtion of higher
harmonig¢s-in 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. Itis 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.
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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¢65
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 1,23 +2.0
total vehicle mass roll moment N23 +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 accuracyyas a percentage of actual reading, should be no worse than that
listed. For those vatiables 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 = heawytrucks
3 =(commercial trailers

TABLE 9B—TRANSDUCER ACCURACY REQUIREMENTS

Tuna of Tunical \ah MAceuracy
PAL I N J
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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7.3.2.1

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 steps should be followed:

a. Adjust trim heights to the values recorded in the center of gravity position measurements. Secure

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

Measure positions of hardware,

ctly to the frame or body; the vehicle should not rest on its(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
negessary.

d. Allpw 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.

if qvailable) time history. Correct, if.nécessary. Common error sources are lash betwe
platform, between platform and pivot, between pivots and load cells, or oscillations o
supsystems, such as drivetrains-Record positions of any wedges or hardware used.
the smallest possible amplitude which will give 30 to 40 sinusoidal cycles.

ite roll or pitch oscillations and record displacement for 30 to 40 cycles as a func
digplacement is not transduced, count and time the elapsed time of the oscillations so t
be|calculated. Repéatthis procedure three times.

If foll inertia was.measured, repeat steps b through g for pitch inertia, or vice-versa. No
reqdings are qot' required when measuring pitch inertia, since pitch-yaw product o
required.

Weigh hardware used to secure suspensions, to secure the vehicle to the test platforr

f.  Pgrform a trial oscillation to check for sinusoidal waveform in the load cell (and platforn] displacement,

en vehicle and
major vehicle
\Iso determine

ion of time. If
hat period may

e that load cell
inertia is not

n, or to correct

supsystem oscillations.
j-  Measure 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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7.3.2.2

7.4 DataProc

7.4.1

To measure unsprung mass pitch and roll moments of inertia, the following major steps should be

followe

a.

d:

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.

move all unsprung parts from the test vehicle.

b. Re
c.

each.
d.

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 jnertia, although this is sometimes not possible. Measurements should be made on.g
of |the vehicle pitch, roll, or yaw test apparatus.

re

Measurement of Total Vehicle and Unsprung Mass Yaw Moments of Inertia—Generally,

outlin
some
ifam
suppo
yaw 09

DETERMI
UCTS OF
knowled

require more advanced theory and knowledge ofithe yaw reaction moment and roll accelerati
Pitch or roll moment of inertia may be obtained from the measured period and the equation
frequendy of a single degree of freedom. oscillation. For torsional vibrations, this relationsh
Equation| 5:
f = 2m(57.3k/)"?

where

f  =natural frequency (Hz)

| =rhoment of.inertia (N-ms?/rad)

k = gpringtate (N-m/deg)

Since thg

bssing and Presentation
NATION OF TOTAL VEHICLE AND UNSPRUNG MASS PITCH AND RoLL MOMENTS AND R(

he of the period and restoring spring rate. Products of inertia may be calculated nearl

Record inertial properties angd.\qrie
rence system to vehicle reference system.

above may be used in measuring total vehicle and unsprung mass moments of in

maller analogs
htation of local

the steps
ertia, although

ifferences may exist. Since a product of inertia is not measured,/load cells are not fequired. Also,

Itiflar pendulum is used, then the vehicle and supporting platform must be equid
t cables, as discussed in 7.2.2. Care should also be used with,a multifilar pendulun
cillations, with negligible swinging.

INERTIA—Moments of inertia may be easilycalculated using very basic vibrati

b period (T) is the reciprocal of the natural frequency, the moment of inertia is shown

stant from the
h to excite only

LL-YAW PROD-
bn theory and
y as easily, but
bN.

for the natural

ip is shown in

(Eq. 5)

in Equation 6:

| = 57.3(419) Tk

(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

€ 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 thdt the yaw moment is shown in Equation 7:

. 2
M, = LGy + by, 0y (Ea. 7)

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

= rpll velocity

oy = rpll acceleration

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

L= M, /Gy (Eq. 8)

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

Unsprunp 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 globgl (vehicle) coordinate systems, to obtain the sprung mass roll-yaw product of inertia

DETERMINATION OF T@TAL VEHICLE AND UNSPRUNG MASS YAW MOMENTS OF INERTIA—Yaw mofnent 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 knoyn and inertia
transformation; using the parallel axis theorem, will be required. The torsional spring rate|for a multifilar
pendulum,4n N-m/degrees, is shown in Equation 9:

k = R°W/(57.3L) (Eq. 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 o
associated
simulate H
influence t
These var
generally d

In order to
ratio (for w
specifically

Apparatus

GENERAL
sizes an
vehicles
characte
accuraci

Measured—Kinematic suspension characteristics are those which describe the
masses relative to the sprung mass, as a result of relative motion. The rigid\bog
the vehicle and the rotation of the vehicle steering wheel constitute the “basic
with these steering and suspension characteristics. Such kinematic characteristics
asic directional control characteristics of the vehicle, or quantify those charac
nis behavior. Shock absorber travel ratios are used in simulating roll and rigid body
ables are shown in Table 10 with approximate ranges. Ranges' for input disp
f magnitudes associated with lateral accelerations in the vehiclg's¥linear range.”

fully describe a vehicle, as discussed in Section 3, it is sometimes desirable to meas
prm and sector) or “C factor” (for rack and pinion) of the-steering gear. Such measur

PERFORMANCE REQUIREMENTS—The test apparatus must be capable of accommoda
 weights defined in Tables 2 and 4 of-Sections 4 and 5 of this document, or of a g
if appropriate for a given laboratory. More specifically related to the ab
ristics, the test techniques and asSociated equipment must be capable of attaining
s outlined in Tables 11A and_11B. A more detailed discussion of accuracy r

addressed in 8.2.3 of SAE J1574-2.

Measure
continuo
the corrg
system &g

ments can be accomplished by utilizing either a displacement motion analysis
Lis 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
teristics which
ride dynamics.
acements are

ure the overall
bments are not

covered in this document, but may be performed using‘methods discussed in this section.

ing vehicles of
ubset of these
ove kinematic
results of the
bguirements is

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

TABLE 10—VARIABLES MEASURED

GENERAL
consider

Vehicle
Variable Type Range

Primary:
camber angle change 1 —10 to 10 degrees

2,3 -5 to 5 degrees
caster angle change 1,2 —-2.5to0 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 1,2,3 —-50 to 50 mm
suspension lateral displacement 1,2,3 —-20to 20 mm
suspension ride displacement 1,2,3 -50 to 50 mm
suspension roll displacement 1,2,3 —-2.5t0 2.5 degrees
tire lateral force®) 1 300 to 1700 N

2,3 1500 to 3800 N
tire normal force change(l) 1 —1500 to 1500 N

2,3 —6500 to 6500°N
Derived:
overall steering ratio 1 10:1 to 80

2,3 20:1t6 40:1
ride camber coefficient 1 —0:X'to 0 degrees/mm

2,3 ~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 1,2,3 0to 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.of\the suspension and therefore for each pair of tires.

Vehicle/Type:1l = passenger vehicles and light trucks

2\=heavy trucks
3 = commercial trailers

CONFIGURATIONS—The apparatus for determining these kinematic characterisiics may vary
ablyin”exact configuration but not as much in general configuration.
ed_by utilizing a displacement as input (suspension ride, suspension roll, or pteering wheel

All charactgristics can be

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 applya.latgral force to the
wheel plane at a known height must also be available. This, in turn, requires a restraint‘-medhanism for the
vehicle gprung mass. (See SAE J1574-2 for 9.2.2 for a more complete discussion of sprung njass grounding

issues.) [ This method also requires simultaneous measurement of lateral and normal force,
and steefing wheel steer motions are zero.

In order [to determine all of the “derived” kinematic coefficients in Tablg 10, changes in all @
variableg must be measured. Suspension ride and roll displacement\are determined by t
vertical displacement of each of the wheel centers, relative to a datum fixed in the sprung m
transducers are linear potentiometers or LVDTs. Steering wheekdisplacement is measured
sprung npass, usually with a rotary potentiometer.

Roadwh
parallel
transdud|
the whe
transdud]
in a vert
between
longitudi
plane) a

bel steer and camber (inclination) angles are generally transduced from a rigid plate a
to, the wheel plane. Linear or angular. displacement transducers may be usq
ers having the advantage of providing for the' simultaneous measurement of lateral d
el.  With linear displacement transducers, steer angle change is measured by
ers in a plane parallel to the road plane, while camber angle change is measured by
cal plane perpendicular to the wheel plane. Measurements must assure that steq
the intersection of the wheel and road planes and a line in the road plane parallel {
nal axis) and inclination angle’(angle between the wheel plane and a perpendicu
e measured correctly and'net contaminated by each other or wheel displacements.

Wheel (
conjunct
be used,
transdud

enter lateral displacement is generally measured with linear displacement t

if attached to.the‘wheel center. Shock absorber travel is also measured with a linea
er attacheddto-parts functionally representing the ends of the shock absorber or strut

In this dliscussion, the measurement of caster (change) will be assumed to be repre
measurgmefit~of angular rotation of the knuckle about a transverse, horizontal axis. Th

while ride, roll,

f the “primary”
ansducing the
ass. Common
relative to the

itached to, and
d, with linear
isplacement of
mounting the
mounting them
r angle (angle
0 the vehicle's
ar to the road

ansducers, in

on with the measureément of steer or camber. However, a single displacement transglucer may also

r displacement

sented by the
s 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.

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.

Rd

Rg

Rd
C4
Ing

Sh
Ng

Sp
D4

SeTOSITATISQ@TOQO T

8.2.3 PERFOR
are show

Table 11B shows the accuracytrequirements of Table 11A, with the addition of types of typic

Steer an
8.3 Test Proc
8.3.1 VEHICLE

nor susf
generally

Ri¢le displacement mechanism for sprung or unsprung mass (with low friction tire turn.p
Il displacement mechanism for sprung or unsprung mass (with low friction tire turn pads)
Lo friction tire turn pads

Steering wheel displacement mechanism (optional)
Steering wheel displacement lock

Ri¢le displacement transducer(s)

Steering wheel angle transducer

Brake locking mechanism (optional)

Lateral force input mechanism
Lateral force transducer

adwheel lateral displacement transducer(s)

adwheel steer angle transducer(s)
mber angle transducer(s)
linometer(s)

ock absorber displacement transducer(s)
rmal force transducer

rung mass restraint mechanism
ta recording device(s)

ads)

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

nin Table 11A. Rationale for.these requirements are discussed in SAE J1574-2, 8.2

 camber angle may-also be measured with displacement transducers spanning a k]
bdures

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

3.

Al transducers.
own distance.

normal forces

ension 'trim heights need be set prior to actual testing. Tests will be run at fixe

d trim heights,

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

Vehicle (1)Accuracy

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

SROCK absorber displacement T,2,3 20

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
2,3 +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
2,3 +2.0 +0.0004 degrees/mm

roll camber coefficient 1,23 +2.0 +1.0%

roll camber coefficient 142,3 +2.0 +2.0%

roll caster coefficient 1,2,3 +10.0 +1.0%

roll center height 1,2,3 +2.5 +2.5mm

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'aecuracy, as a percentage of actual reading, should be no worse than
that listed.. Eor'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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8.3.2

8.3.2.1

TEST PRPCEDURES

TABLE 11B—TRANSDUCER ACCURACY REQUIREMENTS

Type of Typical Veh. MAccuracy

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 Tat. disp. displacement CVDT T.Z,3 15 T0.0T mn|
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

L. 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

Measurement of Overall Steering Ratio—A measurement of the change of steering whegl angle versus
the change of roadwheel steer angles, over a range of £5 degrees of roadwheel steer angle, is normally
sufficignt to obtain the overall steering ratio reqaired for linear range simulation. The follow|ng basic steps
should] be followed to measure overall steering-ratio:

Place a low friction tire turn pad under each of the steered wheels.
Mgasure power steering vehicles with the power steering system operative.
unt a steer angle transducen at each steered wheel. Install the steering wheel angle|transducer.

~P oo oTp
<

Turn steering wheelthrough a displacement equivalent to about 5 degrees of roadwhegel steer angle
and return to straight ahead. If immediate data display is available, record steerjng wheel and
ropdwheel angles: Display data for each wheel in X-Y format and check for improper vehicle
ma@unting, invalid instrumentation, or inappropriateness of test vehicle. Correct as requjred.

g. Turn the,steering wheel first to the right (to eliminate steering system lash) and then bagk to center (to
the left).<While recording steering wheel and steered wheel angles, turn the steering wheel to the left,
stppmg at apprOX|mater 5 degrees (toe out) of the left steered wheel Reverse jsteering wheel

' ' f ' Repeat 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 turn 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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8.3.2.2

8.3.2.3

8.3.2.4

8.3.2.5

8.3.2.6

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

cy
Lo
Md
INg
Pr
Cy
po|
ea|
ind
g Ag

po|

~poooT

Measu
chang
rotatio
any ar
rotatio
those

chang
inclino
brakes

Measu
detern
linear

coeffic
measu
cambe

Measu

Cled in ride depending on the ride displacement mechanism used.)

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

unt a camber angle transducer and a ride displacement transducer at each test-whe
ure that the vehicle is at the desired trim position.

bpare recorders and zero as required.

cle suspension(s) through the normal range of suspension travel and return to th
Sition.  If immediate data display is available, record ride travel and camber angle. O
ch wheel in X-Y format and check for improper vehicle mounting, invalid instr
ppropriateness of test vehicle. Correct as required.

Sition, while recording data. Repeat two times.

b in caster angle with ride displacement. Caster angle change is measured by

n of the knuckle(s) about a transverse, horizontal axis. Since the inclinometer is al
gular changes about the Y axis of the test'wheel or vehicle, it is important that 3
n of the vehicle with respect to its initial-orientation be avoided. The procedures ar
outlined above for ride camber coeffiCients, except that changes in caster anglg
bs in camber angles, are measured. The equipment is also the same, with the
meter(s) for camber angle transducer(s). If the inclinometer(s) is mounted to the

must be locked.

rement of Shock Absorber Travel Ratios in Ride—Shock absorber travel ratios

ined by measuringthe change in length of each shock absorber with ride displac
lisplacement trarisdUcer. The procedures are the same as those outlined in 8.3.2.2 f
ents, except that changes in shock absorber lengths, rather than changes in camk
red. The €guipment is also the same, with the substitution of displacement trg
r angle transducer(s).

e desired trim
isplay data for
imentation, or

ain cycle suspension(s) through the normal range of suspension travel and return to the desired trim

rement of Ride Caster Coefficient—Ride caster coefficients are determined by ineasuring the

measuring the
S0 sensitive to
ny extraneous
e the same as
s, rather than
substitution of
oadwheel, the

in ride are
bment, using a
or ride camber
er angles, are
nsducer(s) for

renient of Ride Steer Coefficients—Ride steer coefficients are determined by

changg

easuring the

p inroadwheel steer angle with ride displacement. The procedures are the same as|those outlined

in 8.3.2.2 for ride camber coefficients, except that changes in steer angles, rather than changes 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:

-65-



https://saenorm.com/api/?name=5b86005fc3188d444fd204b420afdfc6

SAE J1574-1 Revised MAR2000

8.3.2.7

8.3.2.8

a. 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.

e. Prepare recorders and zero as required.

f.  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
ingtrumentation, or inappropriateness of test vehicle. Correct as required.

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

Measurement of Roll Caster Coefficient— Roll caster coefficients are determined by measur
in caster angle with roll displacement. Caster angle change is measured by measuring the
knuckle(s) about a transverse, horizontal axis. Since the inclinometeriis also sensitive

changgs about the Y axis of the test wheel or vehicle, it is important.that any extraneous
vehiclg with respect to its initial orientation be avoided. The procedures are the same as
above |for roll camber coefficients, except that changes in castertangles, rather than chan
angles|, are measured. The equipment is also the same, with.thé substitution of inclinomete)
angle fransducer(s). If the inclinometer(s) is mounted to th€ roadwheel, the brakes must be

Measurement of Roll-Center Heights—Roll-center heights can be determined by usi
displagement or the equilibrium technique. The, displacement technique is based on

simultaneous lateral and vertical displacements of the centers of tire contact during veh
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 the

An altgrnate displacement test procedure, applicable to independent suspensions only, car
MeasUurements of the vertical and lateral displacements of the centers of tire contact (with
sprung mass) during vehigle ride motion describe an arc which represents the path of center
The pgrpendiculars to\the tangent of each arc at a given vehicle trim height intersects at th
suspemsion roll cefiter. An approximation to this technique can be made if it is assumed tha
are syinmetrically located. Then only a measurement of track change vs. suspension trave
calculgte roll,center height. Neither of these alternate techniques will be covered in t
asfollows:

ng the change
rotation of the
0 any angular
rotation of the
those outlined
ges in camber
r(s) for camber
locked.

ng either the
measuring the
icle roll. This
perpendicular
intersection of
nsduced, then
center of tire

also be used.
respect to the
of tire contact.
e height of the
swing centers
| is required to
ne procedures

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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The normal force change, which results from the application of lateral force, will cause a change in
suspension trim, as measured at the wheel center. Since suspension roll is defined using the wheel center
positions and since it is to be held to zero, it is necessary to measure wheel center vertical positions and
adjust the heights of the wheel pads to maintain zero suspension roll. This requires either a servo control
system in the roll displacement mechanism or the use of discrete steps in load application and manual
adjustment of the roll displacement mechanism or tire support pads.

The following basic steps should be followed to measure roll-center height using the displacement

technique:

a.

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. Mgqunt a ride displacement transducer and a lateral displacement transducer at€ach test wheel. Also
ma@unt a camber angle transducer, if required to correct displacement data-for center| of tire contact
popition.

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

e. Prgpare recorders and zero as required.

f.  Cycle suspension(s) through the normal range of suspension, roll travel and retufn to zero roll
digplacement. If immediate center of tire contact path calculationsand data display is ayailable, record
ride travel and lateral displacement. Display center of tire contact path, referenced to fthe road plane
(af zero roll), and check for improper vehicle mounting, invalid instrumentation, or inappfopriateness of
tesgt vehicle. Correct as required.

g. Adain cycle suspension(s) through the normal range:of suspension roll travel and returr to the desired
trign position, while recording data. Repeat two times’

The following basic steps should be followed to measure roll center height using the equilibrjum technique:

a. Rigidly secure the vehicle to the roll displaéement mechanism (Note: One or both axles|may be cycled
in roll depending on the roll displacement mechanism used.)

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

c. Mount a ride displacement transducer, a lateral force input mechanism, and lateral fofce and normal
forice transducers at each test wheel.

d. Ingure that the vehicle is at'the desired trim position.

e. Prgpare recorders and-zero as required.

f.  While holding suspensien roll to zero, cycle lateral force input(s) through a value(s) equivalent to about
0.15¢ lateral acceleration of the test vehicle and return to zero. If immediate data displfy is available,
re¢ord lateral force and normal force change. Display in X-Y format and check for improper vehicle
ma@unting, invalid instrumentation, or inappropriateness of test vehicle. Correct as requjred.

g. Adain cycleslateral force(s) through the above range and return to zero, while recording data. Repeat
twp times:

Measurement of STocKk Absorber Travel Ratios i Rofi—Shock absorber travet ratios imroftare determined

by measuring the change in length of each shock absorber with roll displacement, using a linear
displacement transducer. The travel ratio in roll is the rate of change of shock absorber length with wheel
center vertical travel, as suspension roll changes. It is equal to the travel ratio in ride for an independent
suspension, at the same wheel center positions. The procedures are the same as those outlined in 8.3.2.6
for roll camber coefficients, except that changes in shock absorber lengths, rather than changes in camber
angles, are measured. The equipment is also the same, with the substitution of displacement
transducer(s) for camber angle transducer(s).
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