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1. SCOPE

This SAE Information Report presents the background and rationale for SAE J1574-1.

The motor vehicle industry is working toward a more complete understanding of the factors affecting the motions of
vehicles on the roadway, by using a variety of techniques that predict responses to road and operator inputs. The
capability to predict responses is desirable so that vehicles can be designed for optimum safety and utility. In addition to
the force and moment properties of the pneumatic tires, a number of vehicle and suspension parameters affect the
response of the vehicle; these include weight, center-of-gravity location, moments of inertia, suspension ride and roll
rates, suspension kinematic and compliance properties, and shock absorber characteristics. These parameters must be

quantified in order to predict vehicle responses.

Measurement of
directional control|simulations. The limitation to linear range characteristics primarily reflects/cun
practice, to which |SAE J1574-1 is directed. In the case of mass and inertia properties, this limitatid
apply. For those tp which it does apply, it is not felt to be a serious limitation since most of the measu
can be extended [peyond the linear range through appropriate increases in steering’ or -Suspensio
loading. Use of tHe measured parameters in simulations is assumed as the most frequent use. How
seem to limit their juse to simulations. Vehicle and suspension characteristics apptopriate for simulati
be used for vehicle and suspension characterization and comparison, suspensien development and
processing of road|test data.

As noted in SAE J[1574-1, vehicles addressed will be limited to passenger)cars, light trucks, and on-hi
and commercial Vehicles with two or more axles of approximately“the same wheel track. This

motorcycles, tricydes, and vehicles intended primarily for off-highway use. This limitation is largely 3
types of vehicles
document the current state-of-the-art rather than to expand itcvAdditionally, inclusion of these other

require measurement of other chassis characteristics to “properly simulate their dynamic chg
measurement of these additional characteristics may not be supported by widespread experimental pra
1.1

Assumptiong and Limitations

ost of these parameters will be limited to determining their values in the linear

range for use in
rent measurement
n clearly does not
rement techniques
n displacement or
ever, this does not
bn can equally well
optimization, and

ghway recreational
excludes bicycles,
recognition of the

istorically measured for ride and directional control simulation, since SAE J1574-1 has been written to

ehicles might well
racteristics. The
ctice.

The focus of SAE

J1574-1 is consolidation and-documentation of the best existing technology. The¢ intent is to avoid

introducing unproven and unestablished practices.

The assumptions [related to the methods of suspension characterization (static characteristics,
descriptions, chargcterization for linear range maneuvers, and use of superposition) stem largely
practice, with estaplished validity "\ All of these suspension characterization methods are widely, thou
used and have given valid simulated responses of steady-state and dynamic vehicle characteristics.
that other approaches are nét also valid.

phenomenological
from established
gh not exclusively,
This is not to say

The limitations asspciated’with types of simulations addressed also stem primarily from the limitations
which has generally‘focused on the simulation of fixed control directional control properties in the linear range. While
simulation of free controt-vehicte Tesponses 15 not uncommon 1 the automotive Tndustry, itsinciuston in SAE J1574-1
would require the measurement of steering system component masses and inertias. Such measurements are not

common practice.

bf existing practice,

The limitations associated with vehicle characteristics addressed deserve brief discussion. Suspension side view
kinematic properties are not addressed since they are not required for constant speed directional control simulation. This
is also true of rotational inertias of wheels, tires, brakes, and driveline components as well as steer and camber
compliances resulting from longitudinal force. The measurement of steer and camber compliances resulting from
overturning and rolling resistance moment is omitted since these compliances normally have small effects on vehicle
directional control characteristics. (Rolling resistance moment generally has negligible effects on steer and camber
deflections.) Finally, the measurement of the remaining variables (kingpin and caster offsets, ride and roll damping, and
fifth wheel characteristics) is omitted due to the absence of standard industry practice. Ride and roll damping are usually
calculated from shock absorber damping constants and suspension kinematic characteristics. These calculations will be
discussed in Section 10.
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1.2 Characteristics Measured
No discussion in addition to that of SAE J1574-1.
1.3  Nature of Measurements

SAE J1574-1 gives an overview of the types of measurements required for each class of variable measured. This
discussion will generally be repeated in much more detail in the first two paragraphs of each section. This more detailed
discussion will include minimum accuracy requirements, based on simulation requirements or the capabilities of current
experimental practice. In some cases, simulation requirements are not particularly stringent and accuracy requirements
may more realistically be indicated by experimental practice. With this in mind, a brief, general discussion of accuracy
requirements may |be helpful here, with a more specific discussion for each variable given in this Infgrmation Report for
each section.

In those cases where the data are used solely for vehicle subjective development, the measurements may normally be
made to 5% accyracy, especially if chassis parameter changes significantly larger than this are lbeing made. This
assumes that just poticeable subjective differences in response characteristics are about 10%, thus nefessitating chassis
parameter changes of at least 10%, preferably more.

responses. The sénsitivity of the response to errors in the input data varies with the vehicle being simulated, with its tire
characteristics, ang the characteristic in question, thus making it difficult togeneralize about accuracy requirements. With
regard to stability and control calculations, it may be observed that the understeer gradient is the summation of numerous
effects, such as weight distribution, roll camber, roll steer, lateral foree deflection steer, and aligning torque deflection
steer. A 1% error |n measurement of any one quantity is likely to alter the understeer gradient by 1% o¢r less. Only when
inaccuracies accumulate in the same direction is it possible for, a significant error in the simulated fesponse to result.
Transient propertigs, such as lateral acceleration response time:-or yaw velocity response time, can b;I expected to have

Vehicle and susp%nsion parameter data may also be used as inputs for mathematical models thgt calculate vehicle

sensitivities similarjto those for the understeer gradient. Accuracy requirements for simulation thus deplend on the desired
accuracy of the sinpulation and on whether one assumes that errors will accumulate in one direction or nqot.

As a final note on [he nature of the measurementsxthe measurement of suspension kinematic and elgstic characteristics
with tires mounted| should be briefly discussed. “As noted in SAE J1574-1 for this section, common practice is to leave
wheels and tires mounted during all measurements. While this may introduce small errors in some measurements, it is
treated here as thq primary mode of measurement, because of its widespread use and relatively small gffect on accuracy.
However, other methods, which might amit or bypass the tire are not excluded if the additional a¢curacy is desired.
Paragraph 9.2.2 of|this document covers:this subject in more depth.

1.4 Use of Recommended Practice and Information Report

No discussion in agldition to that of SAE J1574-1.
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3. VEHICLE DESCRIPTION AND PREPARATION

3.1 General Vehicle Description

The vehicle description forms presented in SAE J1574-1 are designed to give a fairly complete vehicle description for
three basic reasons. First, the vehicle description enables more meaningful interpretation of test results through
documentation of vehicle content. This becomes important when time, unfamiliarity, or multiple vehicle changes make
human memory fallible. Second, such identification would be required if the test data were part of subsequent litigation.
Finally, although not the primary purpose, the vehicle description process may identify aspects of the vehicle which make

it unsuitable for the intended tests, such as incorrect or out of specification parts.

3.2 Specific Mes

The intent of the v
depends on certa
interdependence,
sections.

3.3 Vehicle Prep

The purpose of vehicle preparation is to ensure that the vehicle represents.design intent, or a pre

specification condi
ballasted to prope
heights, for the con
represents design

suspension trim heights. But for the measurements addressed.in* SAE J1574-1, suspension trim he

more important tha
mass positions, ar
measurement of vg
4. MEASUREME
4.1
No discussion in a
4.2 Apparatus

4.2.1

No discussion in a

Variables Mgasured

General P¢rformance Requirements

surements

in measurements made in subsequent sections, as discussed in SAE. J1574-
t should be possible to complete the vehicle description form before/proceed

aration

ion, is safe for the intended tests, is sufficiently clean for part identification and m
tire normal forces or suspension trim heights. Ballasting often results in undesir
rect tire normal forces, or vice versa. The discrepancy should be small if the vehicle
ntent. Generally, proper tire loading is more important for directional control perfor

n tire normal forces. This is true for the measurement of vehicle geometric chara
d suspension and steering kinematic properties. Proper tire normal forces are mo
hicle mass and moments and products’of inertia.

NT OF DIMENSIONAL AND GEGMETRIC CHARACTERISTICS

Idition to that of SAE J1574-1.

idition to. that of SAE J1574-1.

ehicle description form is to define and describe the vehicle prior to testing. Wnfertumately, this process

1. Excluding this
ng to subsequent

determined out-of-
asurement, and is
d suspension trim
, including springs,
mance than proper
ghts are generally
cteristics, center of
re important in the

422 General C

bnfigurations

Table 3 of SAE J1574-1 lists a number of typical transducers used in making the measurements listed. The reader should
be reminded that this list of “typical” transducers is provided for reference but should not be limiting. Many methods or
special tools can be used on most of the measurements. For instance, an adjustable trammel bar, or set of these, may be
more useful than a steel tape for many of the linear dimensions. Measurement methods and transducers should be
determined by types of vehicle measured, frequency of measurements, and cost.
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4.2.3 Performance Requirements

The accuracy requirement for each measurement covered by Table 3 is determined by its role in:
a. Defining the test vehicle

b. Simulating its dynamic performance

c. Chassis development, or

d. Processing road test data

In general, accuragy reflecting the accuracy of available, cost-effective transducers and good mechapical measurement
practice exceeds the requirements of any of these uses. While these values of accuracy arerseemingly more stringent
than required, othgr sources of error in simulation and vehicle testing require that those asseciated wilh vehicle definition
be minimized. Thig allows effort to be directed at minimizing the other sources of error., For this reason, the accuracy
requirements shown in Table 3 generally reflect available transducer accuracy and good measurement practice.

The accuracy reqpirements in Table 3 are stated as a percentage of actual feading. This critefion ceases to be
meaningful when the required accuracy is less than the accuracy of available transducers, which can gccur with variables
whose values can pe near zero. In this case, an alternate, absolute accuracy is'given to be used as the accuracy criterion
near zero. It should be used when larger than the accuracy determined_by the percentage accuragy times the actual
reading.
4.3 Test Procedyrres

4.3.1  Vehicle Prgparation

No discussion in agldition to that of SAE J1574-1.
4.3.2 Test Procqgdures

4.3.21 Measurgment of Linear Dimensions

Many of the meastirements of linear dimensions outlined in SAE J1574-1 include averaging values on|opposites sides of
the car. This refle¢ts the existence of(lateral asymmetries in most dimensions of a vehicle. These are generally small but
can occasionally bg significant. Thus) measuring values on both sides allow a check of the magnitud¢ of the asymmetry
and averaging allows a truer representation of the vehicle's dimensions. However, in certain instances the magnitude of
the asymmetry mal be desired/in vehicle development, for instance) and averaging may not be apprgpriate. In addition,
side-to-side asymmetries sometimes represent a special design asymmetry (wheelbase, on certain vehjcles) which should
be documented. In these special cases, the needs of a particular laboratory or circumstance should take precedence.

SAE J1574-1 spegifies ballasting the vehicle to curb suspension trim heights, measured either between the suspension
and sprung mass or between the sprung mass and ground. The former is preferred and both are discussed further here.

Suspension trim height can be defined in various ways and measured with different techniques to different levels of
accuracy. The simplest, and least precise, approach is to measure the vertical distance between the wheel center and an
arbitrarily defined point on the body fender lip. This is usually done with a steel tape. Its disadvantage is in not uniquely
defining suspension trim exclusive of body position relative to suspension attachment points. Further, the wheel lip
reference is often arbitrary and may be difficult to reproduce at a later date. A more precise and repeatable method is to
measure relative heights between some point(s) on the suspension and/or a point on an adjacent frame member. (Such
points are often a ball joint seat, axle centerline, control arm pivot bolt, or frame “kick-up” above axle centerline.) These
measurements are more difficult and require that the test vehicle be on an accurate horizontal reference, usually a steel
bed plate. Vertical measurements should be made between reference points and the bed plate. Subtraction defines their
relative height.
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The measurement of wheel track, between centers of tire contact, can be complicated by the existence of camber and
toe-in. It is customary to measure wheel track above the road plane at the tire tread centerline at front and rear. These

dimensions should

be averaged to correct for toe-in.

In addition, there should be an additional correction made for

camber, normally measured on a wheel alignment facility. This is also discussed in 8.2.2 of SAE J1574-1.

4.3.3 Measurement of Wheel Alignment

No discussion in addition to that of SAE J1574-1.

4.3.4 Measurement of Tire Pressure

No discussion in a
4.4 Calibration H
No discussion in a
5. MEASUREME
5.1

Total vehicle weigh
total vehicle weig

quantities of coolant, fuel, and lubricant. The unsprung weight is all weight which is not carried by the s

but is supported d
members are also
minus the total of U

Since the sprung v
is customary to meg

Some applications

model. If such is the case, it should be avoided;.due to the difficulty of disassembling the vehicle suspe

The need to meag
gravity position, di
“axle loads” (sum
(This symmetry us
of a statics problen
gravity position, on
the same. But, th
measure individug

Variables Mgasured

idition to that of SAE J1574-1.
rocedures
idition to that of SAE J1574-1.

NT OF VEHICLE AND COMPONENT WEIGHTS

t, front and rear unsprung weights, sprung weight, and ifidividual tire normal forces &
nt is the weight of the complete vehicle conforming to specified conditions, ing

rectly by the tire or wheel, and considered to moye with it. Portions of the weight
included. (See 5.3.2.2 for a further discussien of this issue.) The sprung weight
nsprung weights.

eight is the difference between total afd unsprung weights, it is not necessary to m
asure total and unsprung weights and:determine the sprung weight from their differe

may not require the measurement of unsprung weight, such as the simulation of a

ure individual tire normal forces stems from the need to determine the vehicle W
scussed in the next section. To measure the vehicle's longitudinal center of gravit
bf tire normal forces on an axle) are required, assuming the wheelbases are the s

0 provides the-longitudinal center of gravity position. Similarly, to measure the vehicl
ly the sum_of tire normal forces on each side of the vehicle would be required, if the]
is is generally not true and individual tire normal forces are required. Because ¢
| tire~hormal forces will be assumed in SAE J1574-1. The accuracy requi

re measured. The
luding appropriate
uspension system,
of the suspension
is the total weight

easure all three. It

nce.

nonrolling “bicycle”
nsions.

orizontal center of
position, only the
ame on each side.

Lally exists, atleast nominally, for most vehicles.) Given the axle loads and the wheglbase, the solution

e's lateral center of
wheel tracks were
f this, the need to
fements for these

measurements wil

be 'determined by the accuracy requirements set for the measurement of total

ehicle weight and

center of gravity position, not by accuracy requirements for the measurement of tire normal forces, per se. This will be
discussed further in 5.2.3 of this section.

5.2 Apparatus

5.21

General Performance Requirements

No discussion in addition to that of SAE J1574-1.
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5.2.2 General Configurations

Due to the general need to measure individual tire normal forces, one or more scales capable of measuring each tire
normal force are required. In certain cases, this may not be required. If a given laboratory does not need to measure
center of gravity horizontal position, a single scale to measure total vehicle weight and sprung or unsprung weights would
suffice. Similarly, a single scale to measure axle load or the sum of tire normal forces on one side of the vehicle could be
used to measure horizontal center of gravity position, if the vehicle symmetry conditions discussed in 5.1 were met.

5.2.3 Performance Requirements

Table 5 in SAE J1574-1 gives accuracy requirements for the measurement of tire normal forces, sprung and unsprung
weights, scale levgl, and scale planarity. The purpose of this discussion is to explain these requiremgents by developing

the theory related fo them. Since a few of the accuracy requirements are vehicle dependent, the availability of the theory
will allow the user fo set his/her own accuracy requirements which are consistent with those of Table 5.

It is assumed in th
longitudinal weight
may also be used

s discussion that individual tire normal forces are to be used primarily to calculate t
distribution (center of gravity position), and lateral weight distribution (center of gray
bs input to four-wheeled directional control simulations, in which case their importan

btal vehicle weight,
ity position). They
ce depends on tire

force and moment
effects will be ass
which ultimately a
distribution will be

gravity position.) 1

Errors introduced

nonlinearities. Since SAE J1574-1 is limited to directional contrel ‘simulation in the
imed small.

fect apparent total weight and horizontal center of gravity-position. (Longitudinal

separately. Derivations will assume a four-wheeled vehicle.

The following varig

ble names will be used:

Therefore, this discussion will focus on errors in‘the measurement of

used as indications of the effect of measurement errat, on the determination of h
he errors discussed are: scale error, side view scale §lope, front view scale slope, 3
by inaccuracies in these variables are assumed™to superimpose and will there

inear range, these
tire normal forces
and lateral weight
orizontal center of
nd scale planarity.
fore be discussed

0y side view glope of plane of scale(s)

O front view $lope of plane of scale(s)

a horizontal flistance from total vehicle center-ofgravity to front wheel centerline

b horizontal flistance from total vehicle center-of gravity to rear wheel centerline

c horizontal distance from vehicle laterakptane of symmetry to total vehicle center of gravity (assumed positive to
the right)

e scale error, measurement error divided by true value

h height of ohe tire center of tire'contact above plane of others

H height of tgtal vehicle centef of gravity above ground

k¢ front roll stfffness, including.tire effects

k. rear roll stiffness, including tire effects

Ko effective stiffness of'roll stiffnesses in series

L wheelbas

P, left front tine nermal force

P, right front {iremormal force

Ps left rear tire normarl force

P, right rear tire normal force

T¢ front wheel track

T, rear wheel track

w total vehicle weight

W; front axle load

W, rear axle load

WD, longitudinal weight distribution

WD, lateral weight distribution

apparent value of variable resulting from effects of error(s)
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The effect of scale error is easiest to address by first defining its effect on the measurement of an individual tire normal
force. Using the previous definition of e (see Equations 1 and 2),

and,

e = (P,—P)/P,

P = (1+e)P,

(Eq. 1)

(Eq. 2)

The worst-case ef
same direction, or

The apparent total
gravity position or

The worst-case effect of scale error in the measurement of longitudinal weight distribution would be

with errors in one d

The apparent long
vehicle with 50/50
52.5% front. This

The worst-case effect of scale error.in the measurement of lateral weight distribution would be having

of the vehicle with

the governing equations are(the same as those for the longitudinal analysis, with the substitution of tir

one side of the veli
lateral offset of thg

ect of scale error in the measurement of total vehicle weight would be four scales
bne scale with the same error. In this case, the apparent total weight would be as.sh

W=01+e)P;+(1+e)P,+(1+e)P3+(1+e)P,
= (1+e)W

weight depends only on scale error and total vehicle weight and\is independent g
bther design attributes.

irection and rear scales with errors in the opposite direction. In this case (see Equat
W’ = (T-e)W,

WD, = (1+e)W/((1+e)W;+(1-e)W,)
= W/ (W +(1 -e)W, /(1 + e))

tudinal weight distribution\depends on the scale error and the vehicle's true weight
weight distribution, at5% scale error in the directions assumed will indicate a we
bensitivity is roughly;-but not exactly, the same for different true weight distributions.

errors in oné_direction and scales on the other side with errors in the opposite dire

icle forsaxle loads. If the wheel tracks are the same, then the lateral weight distribu

with errors in the
own in Equation 3:

(Eq. 3)

f vehicle center of

having front scales
ons 4 to 6),

(Eq. 4)

(Eq. 5)

(Eq. 6)

distribution. For a
ight distribution of

scales on one side
ction. In this case,
e normal forces on
ion corresponds to

cenierof gravity. If the wheel tracks are not the same, this correspondence no lo

For most passeng
error is applicable.

r(cars, wheel tracks are usually nearly equal and the previous sensitivity of weight

’

hger holds exactly.
istribution to scale
ot a true indication

of the center of gravity lateral position. The apparent offset of the center of gravity is determined from apparent individual
tire normal forces and the solution of a statics problem:

¢ =[(P; =P{)(T¢/2) + (P4 —P3)(T,/2)1/(P{ +P; +P5 +Py)

(Eq. 7)
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Scale side view slope can also produce errors in the measurement of total weight and longitudinal weight distribution.
This results from the fact that the weight vector acting at the vehicle total center of gravity is not perpendicular to the plane
of the scales. Its component normal to the plane of the scales is Wcos8, and its longitudinal component is Wsin6,. These
effects result in the following apparent axle loads (assuming insignificant sprung mass pitch resulting from the scale slope
and a slope which raises the rear of the vehicle above the front) (see Equations 8 and 9):

W = Wcosb, b/L + Wsing H/L (Eq. 8)

W¢ = Wcos6,a/L-Wsing H/L (Eq. 9)

The apparent totdl weight is the sum of these loads. The apparent longitudinal weight distributipn is as shown in
Equation 10:

WD, = W/ /(W[ +W,) (Eq. 10)

Scale front view slope can produce similar errors in the measurement of total weight and lateral weight distribution. As
before, suspension deflections are assumed to be insignificant and the slope.is.assumed to raise the left side of the
vehicle. Lateral load transfer will be assumed to be distributed according to the‘longitudinal weight distribution. This is
related to the assyimption of insignificant suspension deflection, due to Coulomb friction. In this case, suspension roll
center heights and|roll stiffness distribution do not come into play and the assumption of load transfer distribution equaling
the weight distribufion is justifiable. The apparent individual tire normalforces are as shown in Equations 11 to 14:

P,” = Wbcos#,/(2L) - WbHsine, /(LT;)

(Eq. 11)
P,” = Wbcos#,/(2L) + WbHsin®, /(LT (Eq. 12)
Py = Wacos6,/(2L) - WaHsin®,/(LT)) (Eq. 13)
P, = Wacos®,/(2L) + WaHsin8,/(LT)) (Eq. 14)

The apparent totdl weight is the (sum of these values. The apparent longitudinal weight distrijution is shown in
Equation 15:

WD,” = (Py"+P,)/(Py+Py+Py +P,) (Eq. 15)

The apparent latergl‘weight distribution (again ignoring wheel track differences) is shown in Equation 16:

WDy' = (P, +P,)/(Py+Py,+Py +P,) (Eq. 16)

The last source of error to be discussed is lack of scale planarity. Since scale slope errors have already been addressed,
it will be assumed that tire normal forces are being measured by four scales, three of which are level and coplanar. The
fourth will be assumed to be higher by an amount h. Assuming that the front axle has the out-of-plane scale, the centers
of tire contact are displaced in roll by h/Ts, using small angle approximations. In this displacement mode, with the vehicle
in static equilibrium, the suspension roll stiffnesses (including tires) are in series and carry equal and opposite moments.
Therefore, knowledge of the magnitude of this moment will allow determination of the load transfer across each axle and
the individual tire normal forces. The tire normal force at the out-of-plane (higher) scale and diagonal to it will be higher
than that for coplanar scales.
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The series spring rate of the two suspensions is shown in Equation 17:

ke = kfkr/(kf + kl')

(Eq. 17)

The moment carried by each suspension is the product of this effective stiffness and the imposed roll displacement due to

the scale height h i

The load transfer across

The load transfer
carried across a di

Therefore, the app

The equations de\
for a given vehiclg
requirements for s
required. Table

characteristics of a

s shown in Equation 18:

P

M/T,

ke, h /[T 20K, + k)1

ferent wheel track as shown in Equation 20:

P, = kik.h/[T,2(ks+ k)1

Brent individual tire normal forces are shown in Equations 21 to 24:

P," = Wb/2L + kkh/£T2(k; + k;)]
P,’ = Wb/2L-kik h/[T2(k +k,)]
Py’ = Wa22L—kkh/[T,2(k+ k)]
P = Wa/2L + kikh/[T,2(k+k,)]

eloped previously. should allow the reader to calculate acceptable values of scale
, such that the accuracy requirements of Table 5 of SAE J1574-1 are met. The

cale level andwplanarity shown in Table 5 of SAE J1574-1 are given so that such @
b gives some insight into these requirements, using the previous equations, 2

small front-wheel-drive passenger car.

bcross the rear axle arises from the same moment and imposed roll dngle (at the

(Eq. 18)

gyation 19:

(Eq. 19)

front) but may be

(Eq. 20)

(Eq. 21)

(Eq. 22)

(Eq. 23)

(Eq. 24)

evel and planarity,
absolute accuracy
alculations are not
nd based on the
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TABLE 5 - SCALE ERROR, LEVEL, AND PLANARITY
CONTRIBUTIONS TO TOTAL ERROR

Error Error Error Error
Total Sources Sources Sources Sources
Variable Error Scale SV Slope FV Slope Planarity
total vehicle 0.2% max error: 0.20% 0.0005 0.0005
weight sensitivity: 1.00%/% 0.002%/deg 0.002%/deg
max source: 0.20% 0.25 deg 0.25 deg
long. weight 0.2% max error: 0.10% 0.10%
distribution sensitivity: 0.50%/% 0.50%/deg
max source: 0.20% 0.20 deg
lat. weight 0.2% max error: 0.10% 0.10%
distribution sensitivity: 0.50%/% 0.50%/deg neg.
max source: 0.20% 0.20 deg
front tire 1.0% max error: 0.20% 0.10% 0.20% .50%
normal fofce sensitivity: 1.00%/% 0.50%/deg 1.20%/deg 0.40%/mm
max source: 0.20% 0.20 deg 0.17 deg 2150 mm
rear tire 1.0% max error: 0.20% 0.20% 0.20% 40%
normal fofce sensitivity: 1.00%/% 1.00%/deg 1.20%/deg 0.40%/mm
max source: 0.20% 0.20 deg 0.17 deg 2100 mm
Notes
1 The “mgx error” is the maximum error permitted for a given error source. The sl of these values equals the [‘total error”
shown fpr each variable.
2 The “sepsitivity” is the measured error, in percent, for the variable per unit of erfor at the source. Values are appjoximate for
the vehigle studied.
3 The “mgx source” is the maximum error at the source such that the “max‘error” is not exceeded for the “sensitiyity” shown.
The “mgx source” is the “max error” divided by the “sensitivity.”
4 No entry indicates no influence of an error source on the variable, Planarity can influence indicated lateral weigh{ distribution
for unequal wheel tracks. For most vehicles, these are roughly.equal and the sensitivity is negligible, although nof zero.
5 The “mgx source” angles for scale slope on total weight do not*equal the “max error” divided by the “sensitivity,| due to the
nonlinegr nature of the source and resultant error.
Table 5 shows the|rationale for the maximum values of Scale slope and planarity error in Table 5A of SAE J1574-1 based
on an assumed sdale error of 0.2%. The allowable scale slope and planarity errors (0.2 degree, 0.2 degree, and 2.0 or
5.0 mm) are small enough to allow measurement-of total weight and weight distribution to the accuraicy stated. Wheel
track differences up to 25% have small effects on the error sensitivities.

Use of the equatipns developed previously for individual tire normal forces allows further determing
horizontal center of gravity position, discussed in Section 6. The accuracy stated for total weight and
distribution will alldw the simulation‘of understeer to within about 0.05 degree/g, based on sensitivity s

tion of the vehicle
longitudinal weight
fudies not included

here. The total erfor shown forsfateral weight distribution is chosen to minimize errors in the determination of center of

gravity height, discussed in Segtion 6, and vehicle inertia, discussed in Section 7.

The allowable scdle slape*and planarity errors of 0.2 degree, 0.2 degree, and 2.0 or 5.0 mm will[also allow for the
measurement of i d|V|duaI tlre normal forces to the stated accuracy of 1. 0% Th|s accuracy, along W|th determination of
total weight, longifud . dered sufficient for
directional control S|mulat|on and veh|cle descrlpuon Measurement of |nd|V|duaI tire normal forces to greater accuracy is
considered optional. If this is done, the sensitivities shown for individual tire normal forces should be used as guidelines

or recalculated for the test vehicle in question.

In this discussion, the determination of longitudinal and lateral weight distribution to given levels of accuracy have been
used as indications of the ability to determine horizontal center of gravity position to certain levels of accuracy. In the
longitudinal direction this is true, given wheelbase symmetry. In the lateral direction the relationship between (lateral)
weight distribution and center of gravity position is complicated by wheel track inequality. Use of the equations developed
previously with the example vehicle shows that the lateral weight distribution does give a good indication of center of
gravity lateral position, even with a rear wheel track 25% smaller than the front. In all cases, determination of center of
gravity lateral position from the lateral weight distribution and average wheel track agreed very closely with the exact
value, calculated from individual tire normal forces and wheel tracks.
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5.3 Test Procedures

5.3.1 Vehicle Preparation

The vehicle is ballasted to appropriate axle loads for the proper determination of total weight and center of gravity
horizontal position. Suspension trim is uncontrolled since scale level error is small (less than 1.0 degree) and any
suspension trim error would produce only a sine error on apparent center of gravity horizontal position.

5.3.2 Test Procedures

5.3.2.1  Measurement of Total Vehicle Weight

No discussion in agldition to that of SAE J1574-1.
5.3.2.2 Measurgment of Vehicle Component Weights
The unsprung weight is all weight which is not carried by the suspension system, but is supported difectly by the tire or
wheel, and considered to move with it. Portions of the weight of the suspension \members are al|so included. The
following componepts are considered to be directly supported by the tire or wheel and*‘move with it:
a. Axles (solid ax|e suspension)

b. Backing plates
c. Brake assembly(s)
d. Differential
e. Drums/rotors
f.  Front and rear|solid axle

g. Outboard universal joints

h. Stabilizer bar (mounted to unsprung.mass)
i. Steering knucKles

j.  Stub axles

k. Tires

. Wheels

m. Wheel bearings
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Suspension members connecting the unsprung and sprung masses function as both, and their mass must be
proportioned accordingly. The complexity of correctly determining appropriate factors for each of the various components
prohibits such discussion as part of SAE J1574-1. A generally accepted approximation is to assign 50% of the weight to
the unsprung, and 50% to the sprung weight of the vehicle. This method is suggested unless specific or more
representative information is available. The following components should be so divided:

a. Control arms

b. Drive shafts/axle shafts (independent suspension)
c. Panhard rod/track bar

d. Shock absorbgrs

e. Springs

f.  Stabilizer bars|(mounted to sprung mass)

g. Suspension links

h. Tie rods

5.4 Data Procesping and Presentation

5.4.1 Determination of Total Vehicle Weight

No discussion in agldition to that of SAE J1574-1.

5.4.2 Determination of Unsprung Weights

No discussion in a
5.4.3 Determina
No discussion in a
5.5 Calibration R
5.5.1 Calibration

No discussion in a

Idition to that of SAE J1574-1.
ion of Vehicle Sprung Weight
dition to that of SAEJ1574-1.
rocedures

of Weight-S€ales

ditionto that of SAE J1574-1.

6. MEASUREMENT-OF CENTER OF GRAVITY POSITIONS

6.1 Variables Measured

Direct determination of the unsprung cg locations presents a time-consuming job which, depending on intended use and
available information, may not be required. Reasonable estimates of these locations can often be made with the
unsprung component weights measured in Section 5 (or with weights from spare suspension components) and with
component cg locations from layout drawings. Determination of effective unsprung mass center of gravity position should
rely on the 50/50 rule and be based on established principles of mechanics. If the unsprung cg positions are measured
directly, rather than estimated, then the procedures of SAE J1574-1 should be followed.
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6.2 Apparatus

6.2.1

General Performance Requirements

No discussion in addition to that of SAE J1574-1.

6.2.2 General Configurations

No discussion in addition to that of SAE J1574-1.

6.2.3

Performance Requirements

Both the data red
equations covering
covers this statics
derived as follows,

Figure 1 shows simple diagrams of the geometry of the tilt table and vehicle center of| gravity, both befo

occurred. The follg

table tilt an

table resto
vehicle we
lateral offs
lateral shif

<szIo

YsH

The governing relg
angle. To write th
vertical projections
restoring moment i

This can be rearra

This will yield an e
is a constant but th

vehicle cemter of gravity height above road plane and table pivot axis (assumed coincident)

Liction techniques of 6.4.1, of SAE J1574-1, and the error analysis which follows
the mechanics of the tilt table center of gravity height test method. Only one’fun
broblem, but its rearrangement results in a more useful relationship for cgheight det
with rearrangement, so that both the data reduction and error analysis are more eas

wing variable names are used:

gle
Fing moment
ght

bt of vehicle center of gravity relative to pivot axis, at zero tilt angle
of vehicle center of gravity due to tilt angle

is, the moment arm of the weight vector relative to the pivot axis is required. This
of the moment arms (Y + Ysy) and H. This sum is (Y + Ysy)cos6 + Hsin6. Thus, t
5 shown in Equation 25:

M= WI(Y + Y5y, )cosB + HsinB]
nged to Equation 26:

M/(WcosB) — Y5, =HtanO+Y

kpressionsfor H if the derivative with respect to tan6 is taken. In doing this, it is impo
at Y.gpdepends on 6 and tan6. As a result (see Equation 27):

require the basic
damental equation
ermination. This is
ly understood.

re and after tilt has

tionship for this test method is the staticigquilibrium equation for the vehicle and talple at a nonzero tilt

is the sum of the
he equation for the

(Eq. 25)

(Eq. 26)

rtant to note that Y

H = d[M/(Wcosh) - Ygy]/dtantd

(Eq. 27)

Equation 26 shows a relationship of the form y = mx + b, where y = M/(Wcos6) — Ysy m = H, x =tanf, and b =Y. The
derivative form simply isolates the cg height, H, and defines its value in terms of the other variables, excluding Y, whose
derivative with respect to tan is zero. Equation 27, in y = mx + b form, is the most useful with experimental data. It can
be used with linear regression techniques to determine the value of H, if data is taken at a number of different tilt angles.
This is the conceptual approach described in SAE J1574-1.

These relationships also allow an error analysis to be performed to determine the accuracy required in the knowledge of
M, W, 0, and Ysy, for a desired accuracy in the value of H. This can be accomplished by forming the variables M/(Wcos6)
— Ysn and tan@, with and without fixed errors introduced for M, W, 6, and Ysy. The results of such an analysis, for a small
FWD passenger car, are shown in Table 7. This forms the rationale for the accuracy requirements of Table 7 of SAE
J1574-1. It follows the format of Table 5 of the Information Report of Section 5.
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Table
\ APAN

Pivot

Y + Yo
\/\/

/M

FIGURE 1 - CENTER OF GRAVITY HEIGHT TEST GEOMETRY
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TABLE 7 - RESTORING MOMENT, VEHICLE WEIGHT, TILT ANGLE, AND
LATERAL SHIFT CONTRIBUTIONS TO TOTAL ERROR

Error Error Error Error
Total Sources Sources Sources Sources
Variable Error Moment Weight Angle Lat. Shift
total vehicle 0.5% max error: 0.20% 0.20% 0.10% 0.02 %
cg height sensitivity: 1.00%/% 1.00%/% 1.00%/% 0.002%/%
max source:  0.20% 0.20% 0.10% 10.00 %
Notes

1

The “max error” is the maximum error permitted for a given error source. The sum of these values equ
the “total error” shown for each variable.

2

3

are approximate for the vehicle studied.
The “max source” is the maximum error at the source such that the “max error” is not exceeded, for
“sensitivity” shown. The “max source” is the “max error” divided by the “sensitivity.”

als

The “sensitivity” is the measured error, in percent, for the variable per unit of error at the source. Vallies

he

Note that all of the
angle, and lateral
source” values) as|
possible if the assd

Table 7 does not i
height, using the e

The sensitivity stu
are all about 1%/9
measurement errd
maximum error (“n
maximum error in
sensitivity). Since
three sources, its

context. The “max
the 0.5% total erro
and angle measur
values. The “max
contribution for this

This sensitivity stu

by measuring a fofce acting through moment arm(s), then the measurement accuracy for both the forg

arm(s) must not ex

6.3 Test Proced

Shift are nonzero for a tilted table.

“max source” values in Table 7 are expressed in percent since all of\the values fq
In this case, it is appropriate to eXpress the e
percentages of the variable itself. As a result, all of the sensitivities Carry the unit
ciated variable can be zero, which was the case in Table 5 for slope and planarity en

nclude the initial lateral position of the vehicle cg, Y, since (ts value is not required t
quation form derived previously.

jy shows that the sensitivities to measurement ertror for restoring moment, total we
, while that for lateral shift is much less, at 0.002%/%. The “max source” values @
r established as acceptable and a rational @llocation of errors to each of the e
ax source”) established for total vehicle weight, from Table 5A of SAE J1574-1 is 0.1
the measurement of cg height, due tosthis error, must be 0.2% (0.2% error sol
the total measurement error must be.greater than this, due to additional contributi
alue can be established at any value'above 0.2%. The 0.5% value shown is arbitr

r, ignoring the small contributionof lateral shift measurement error. Since the sens
ement are 1.0%/%, the “max'source” values for these error sources are the same
source” value of 10% forlateral-shift measurement is arbitrary, resulting in a neg
error source.

Hy is based on_ the measurement of restoring moment for generality. If restoring m

ceed that cited for the measurement of restoring moment.

ires

6.3.1  Vehicle Pr

r moment, weight,
rror sources (“max
5 %/%. This is not
rors.

0 determine the cg

ight, and tilt angle
epend on the total
fror sources. The
P%. Therefore, the
rce times 1.0%/%
pns from the other
arily chosen in this

error” values of 0.2% for momentiand 0.1% for angle are arbitrarily chosen to make up the balance of

tivities for moment
as the “max error”
jligible 0.02% total

bment is measured
e and the moment

pparation

The vehicle is tested at curb loading to eliminate center of gravity movement when the vehicle is tilted on the cg height tilt
table. Such movement occurs as a result of the movement of simulated passengers or cargo held with compliant restraint
systems. Since it is difficult to design very light, rigid restraint systems, or systems with a specified compliance, testing
consistency is improved by testing the vehicle at curb loading. Other loading conditions should be simulated using
measured positions and (local) center of gravity positions of passengers and cargo. This approach eliminates restraint
compliance effects on total vehicle cg position, or allows it to be defined in a known manner. The approach also requires
independent measurements of passenger and cargo cg positions, seat vertical compliance, and suspension ride rates, at
the least, and are not covered by SAE J1574-1.
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The recommendation to completely fill or empty the fuel tank is also intended to eliminate unknown mass shifts due to
fluid movement, both static and dynamic. Completely filling the tank should minimize this effect to an acceptable level but,
if there is evidence that fuel movement or sloshing remains, the tank should be completely drained before the center of
gravity height measurements begin. The curb less fuel center of gravity height should be corrected for the (normal) fuel

load using the weight of fuel and dimensions of the fuel tank.

6.3.2 Test Procedures

6.3.2.1

Measurement of Total Vehicle Center of Gravity Position

No discussion in addition to that of SAE J1574-1.

6.3.2.2 Measurg
No discussion in a
6.4 Data Proces
6.4.1 Determina
No discussion in a
6.4.2 Determina
No discussion in a

6.4.3 Determina

No discussion in a

ment of Unsprung Center of Gravity Positions
Idition to that of SAE J1574-1.

5ing and Presentation

ion of Total Vehicle Center of Gravity Position
Idition to that of SAE J1574-1.

ion of Unsprung Center of Gravity Positions
Idition to that of SAE J1574-1.

ion of Vehicle Sprung Center of Gravity Pasifion

idition to that of SAE J1574-1.

6.5 Calibration Hrocedures

6.5.1 Weight Scales

No discussion in agldition to that of SAEJ1574-1.

6.5.2 Restoring Moment Transducer

No discussion in agldition to that of SAE J1574-1.
6.5.3 Tilt Table gr Platform

dition to that of SAE J1574-1

No discussion in a

6.5.4 Precision Protractor
No discussion in addition to that of SAE J1574-1.
6.5.5 Dial Indicator Displacement Devices

No discussion in addition to that of SAE J1574-1.
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7. MEASUREME

7.1

NT OF MOMENTS AND PRODUCTS OF INERTIA

Variables Measured

No discussion in addition to that of SAE J1574-1.

7.2 Apparatus

7.21

General Performance Requirements

No discussion in addition to that of SAE J1574-1.

7.2.2 General C
No discussion in a
7.2.3 Performan

The measurement

parameters to err¢rs in values for the vehicle inertial characteristics.

simulating a refere]
velocity and roll an
a passenger car:

a. Total vehicley

b. Sprung mass 1

Cc. Sprung mass I
These values can
Using the first of th
would require tha
determination of t

moments of inertial

of inertia. Due to
criterion of 5.0% is

These allowable €
restoring spring rg
allocation is showr
shown is that for t

bnfigurations
fdition to that of SAE J1574-1.
ce Requirements

accuracy required for moments and products of inertia depends-oh the sensitivity g
This can“be determined thrg
nce case and test cases with errors introduced in the inertialrcharacteristics. Such
gle 90% response times (time to reach 90% of steady-state value), shows the follow

Bw inertia on yaw velocity response time: 1.0%/%
pll-yaw product on yaw velocity response time: 0.0%/%
pll inertia on roll angle response time:.05%/%

pe used with an allowable error for:the response parameter to establish allowable m
ese (the most sensitive), an allowable error of 2.0% in the determination of yaw veld
yaw moment of inertia bedetermined to within 2.0%. This arbitrary criterion
ptal vehicle yaw moment of inertia, and thereby extended to both sprung and ur
For reasons of consistency, this same allowable error is applied to the measurem
the low sensitivity(of 'yaw velocity response time to sprung mass product of inert
established for the)measurement of products of inertia.

rror criterighallow allocation of measurement error to the directly measured varia

f vehicle response
ugh simulation by
a study, using yaw
ing sensitivities for

pasurement errors.
city response time
is applied to the
sprung mass yaw
ent of all moments
a, a less stringent

bles of period and

te, for maoment of inertia, and reaction moment and roll acceleration, for produ
in Table 9, with arbitrary allocation to the two error sources for each type of ine

case of moment

ot of inertia. This
The “sensitivity”

rtiq.
ne_sensitivity of calculated inertia to an error in input to the governing data reductiin equation. In the

of_inertia, calculated inertia is proportional to the square of measured period, thus giving this

measurement a sensitivity of about 2.0%/%. (A 1.0% error in the determination of period will result in about a 2.0% error
in calculated moment of inertia.) The other three sensitivities are about 1.0%/%.

Table 9 shows allowable error allocations for the measurement of the primary variables used in the calculation of each
type of inertia. Since some of these may depend on other measurements (linear spring rate and moment arm, in the case
of restoring spring rate), they reflect the aggregate error allowed for that “lumped” error source. The experimenter must
ensure that all measurements made, which contribute to the measurement of period, restoring spring rate, reaction
moment, and roll acceleration, are consistent with the allowable errors of Table 9.
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Note that all of the

(maximum) reactio

error sources (“ma
%/%.

7.3 Test Proced
7.3.1  Vehicle Pr

In all of these test

contribution to tota
curb condition (wit

using standard ine

passengers and ca
the inertia tests. T

covered in SAE J1

7.3.2 Test Proce

TABLE 9 - PERIOD, SPRING RATE, REACTION MOMENT, AND ROLL
ACCELERATION CONTRIBUTIONS TO TOTAL ERROR

Total Error Error
Variable Error Sources Sources
Period Spring Rate

total vehicle 2.0% max error: 1.0% 1.0%

moment of sensitivity: 2.0%/% 1.0%/%

inertia max source: 0.5% 1.0%
sprung mass 2.0% max error: 1.0% 1.0%

moment of sensitivity: 2.0%/% 1.0%/%

Hertia FRAEHSOLF 0-6% 4+-0%

Reaction Moment Roll Acceleration

total vehicle 5.0% max error: 2.5% 2.5%

product of sensitivity: 1.0%/% 1.0%/%

inertia max source: 2.5% 2.5%
sprung mass 5.0% max error: 2.5% 2.5%

product of sensitivity: 1.0%/% 1.0%/%

inertia max source: 2.5% 2.5%
Notes

1 The “max error” is the maximum error permitted for a given error source., The sum of these values
equals the “total error” shown for each variable.

The “sensitivity” is the measured error, in percent, for the variableperunit of error at the source.
The “max source” is the maximum error at the source such thatthe “max error” is not exceeded for

the “sensitivity” shown. The “max source” is the “max error” divided by the “sensitivity.”

2
3

“max source” values in Table 9 are expressed dn ‘percent since all of the values for
n moment, and (maximum) roll acceleration ase nonzero. In this case, it is appropr
k source” values) as percentages of the variable itself. As a result, all of the sensitivj

ires
bparation

5, the vehicle should have been tested with an empty fuel tank. Since fuel can rep
vehicle mass, its absence results in inertia values which do not correspond to thos
h fuel). Common_practice is to measure the location and shape of the fuel tank a
rtia formulas for this distributed mass. It is also common practice to similarly add th
rgo, to avoid«the ‘experimental complications of simulated passengers or cargo whi
his requirescknowledge of the inertial characteristics of a passenger, relative to the
Hh74-1.

durés

period, spring rate,
iate to express the
ties carry the units

resent a significant
e for the vehicle at
hd add in its effect
e inertial effects of
ch may shift during
seat “H point,” not

No discussion in addition to that of SAE J1574-1.

7.3.2.1

No discussion in addition to that of SAE J1574-1.

7.3.2.2

Measurement of Total Vehicle and Unsprung Mass Yaw Moments of Inertia

No discussion in addition to that of SAE J1574-1.

Measurement of Total Vehicle and Unsprung Mass Pitch and Roll Moments and Roll-Yaw Products of Inertia
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7.4 Data Processing and Presentation

7.41

No discussion in addition to that of SAE J1574-1.

7.4.2

Determination of Total Vehicle and Unsprung Mass Yaw Moments of Inertia

No discussion in addition to that of SAE J1574-1.

7.5

Calibration Procedures

Determination of Total Vehicle and Unsprung Mass Pitch and Roll Moments and Roll-Yaw Products of Inertia

No discussion in a
8. MEASUREME
8.1
No discussion in a
8.2 Apparatus

8.2.1  General P¢
No discussion in a
8.2.2 General C
A basic displacemn

ground plane (tire
following methods:

a. Rigidly fixing t
about it. (Carg
or planar trans

b.

method is that

The displacement
at a minimum of 4
changes experiend

idition to that of SAE J1574-1.

NT OF SUSPENSION KINEMATIC CHARACTERISTICS

Variable Measured

idition to that of SAE J1574-1.

prformance Requirements

Idition to that of SAE J1574-1.

bnfigurations

ent mechanism(s) is required; it must’be capable of providing relative vertical m

contact patch) and the sprung mass of the vehicle. This motion can be accomplish

ne ground (tire contact patch) plane and rotating (roll) or vertically translating (ride
must be exercised in utilizing this method so that the sprung mass is displaced in
ation.)

it is possible to-actuate individual wheels/axles in rotation or translation.

5 degrees of roll motion. It should be capable of adjusting the vehicle trim cond
ed. during actual vehicle operation (from curb to gross vehicle weight).

otion between the
ed by either of the

) the sprung mass
bnly planar rotation

Rigidly fixing the sprung mass of the vehicle and rotating/translating the ground plane about it. An advantage to this

mechanisny'should be able to cycle the suspension system(s) through its total available ride travel and

ition to reflect any

The reaction mechanism for the suspension forces generated by the ride/roll motions of the vehicle must be sufficiently
rigid so as to minimize any deflections which could be misinterpreted as suspension or wheel motion. (See Section 9,
paragraph 9.2.2 for a more in-depth discussion of this issue.)

Tire pad tables for each wheel position are required to provide for the rotational freedom about the steering axis and
lateral and fore and aft displacement of the tire patch with respect to the vehicle sprung mass. This is to be accomplished

with a minimum of

frictional restraint.

A steering constraint mechanism is necessary to rigidly fix the sprung mass components of the steering system (steering

wheel, column, steering gear) to prevent any undesired or extraneous steering inputs during test measurements.

A

device to apply the vehicle service brakes is necessary for those test procedures requiring the road wheels to be locked

during measureme

nts.


https://saenorm.com/api/?name=723fe03575aa0cfd6299423f76a31623

SAE J1574-2 Revised OCT2012 Page 22 of 39

8.2.3 Performance Requirements

As in other sections of this document, this paragraph is devoted to the rationale for the accuracy requirements shown in
Tables 11A and 11B of SAE J1574-1. This is addressed in Table 11 which shows allowable errors for the variables
discussed in SAE J1574-1, as well as allocations for contributions to that error. Aside from overall steering ratio, only roll-
related coefficients were studied, with the associated ride coefficient errors based on those of the roll coefficients. Notes
on interpreting the table follow it.

The “total error” values shown in the second column of the table are based on sensitivity studies performed with a vehicle
dynamics simulation of a small FWD passenger car. Total allowable errors for variables which affect understeer are
based on a criterion of affecting understeer by less than 0.05 degree/g. For most variables, which apply to both front and

between suspensi

ns. The roll camber calculations are based on a worst case of a bias tire. Foro

rall steering ratio,

rear suspension, the criterion was an effect of less than 0.025 degree/g, thereby splitting the 0.05 de\gi;ee/g error equally

the 0.05 degree/g
to be determined.

Other variables dd

calculating kingpin
less than 0.05 de
absorber travel ra

overshoot, half of

absorber damping
consistency in Tab,

Two final notes sh
a ratio, an error in
will cause an error

and have a value ¢

of SAE J1574-1.

Note that all of t
displacements (lin
appropriate to exp
sensitivities carry t

Criterion is based on a test data reduction case, in which steering sensitivity is_know

not affect understeer significantly. The roll caster total allowable error’is based
torque gradient to within 0.1%. The roll center height total allowable etror is baseq
gree/g error in roll gradient from both suspensions, again split, equally front and
fio total allowable error is approximate, based on a criterion\of less than 5.0%
vhich is assumed to come from errors in measuring travel ratio and the other half fror
coefficients. The total allowable error for suspension rgll is” arbitrary, but chosen W
e 11.

buld help in the interpretation of Table 11. First, since all of the variables are determ
the numerator of 1.0% will cause an error of 1.0% in the quotient and a similar error
in the quotient of nearly 1.0%. Therefore, allof the “sensitivity” values shown expreg
f 1.0%/%. Second, the “max source” for_half (wheel) track of 0.2% is used, as estak

ne “max source” values in Tablé)11 are expressed in percent since all of the
ar and angular) or force changés relative to some datum and will always be nonzerq
ess the error sources (“max.source” values) as percentages of the variable itself. A
ne units %/%.

and understeer is

on the criterion of
on the criterion of
rear. The shock
error in roll angle
n measuring shock
ithin the context of

ined by calculating
in the denominator
ss this relationship
lished in Section 4

values represent
0. In this case, it is
5 a result, all of the



https://saenorm.com/api/?name=723fe03575aa0cfd6299423f76a31623

SAE

J1574-2 Revised OCT2012

Page 23 of 39

TABLE 11 - VARIOUS CONTRIBUTIONS TO TOTAL ERROR

Total Error Error Error
Variable Error Sources Sources Sources
HW Steer RW Steer
overall steering 1.5% max error: 0.5% 1.0%
ratio sensitivity: 1.0%/% 1.0%/%
max source: 0.5% 1.0%
Camber Susp. Roll
roll camber 2.0% max error: 1.0% 1.0%
doefficient sensitivity: 1.0%/% 1.0%/%
max source: 1.0% 1.0%
Caster Susp. Roll
roll caster 10.0% max error: 9.0% 1.0%
doefficient sensitivity: 1.0%/% 1.0%/%
max source: 9.0% 1.0%
Half Track Lat. Disp. Vert. Disp.
rol| center 2.5% max error: 0.2% 1.5% 0.8%
Height (disp.) sensitivity: 1.0%/% 1.0%/% 1.0%/%
max source: 0.2% 1.5% 0.8%
Half Track Lat. Force Vert. Force
rol| center 2.5% max error: 0.2% 1.0% 1.3%
Height (equil.) sensitivity: 1.0%/% 1.0%/% 1.0%/%
max source: 0.2% 1.0% 1.3%
Steer Susp. Roll
roll steer 2.0% max erfor: 1.0% 1.0%
doefficient sensitiyity: 1.0%/% 1.0%/%
max'source: 1.0% 1.0%
Shock Disp. Wheel Center Disp.
shock-absorber 5:0% max error: 4.0% 1.0%
travel ratio sensitivity: 1.0%/% 1.0%/%
im roll max source: 4.0% 1.0%
Half Track Wheel Center Disp.
susgpension’roll 1.0% max error: 0.2% 0.8%
sensitivity: 1.0%/% 1.0%/%
max source: 0.2% 0.8%
Notes

1

2

3

The “max error” is the maximum error permitted for a given error source. The sum of these values equals

the “total error” shown for each variable.
The “sensitivity” is the measured error, in percent, for the variable per unit of error at the source. Values
are approximate for the vehicle studied.
The “max source” is the maximum error at the source such that the “max error” is not exceeded for the
“sensitivity” shown. The “max source” is the “max error” divided by the “sensitivity.”
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8.3 Test Procedures

8.3.1  Vehicle Preparation

No discussion in addition to that of SAE J1574-1.

8.3.2 Test Procedures

8.3.2.1  Measurement of Overall Steering Ratio

No discussion in addition to that of SAE J1574-1.

8.3.2.2 Measurs

No discussion in a

8.3.2.3 Measure

No discussion in a

8.3.2.4 Measure

No discussion in a

8.3.2.5 Measurs

No discussion in a

8.3.2.6 Measurs

No discussion in a

8.3.2.7 Measurs

No discussion in a

8.3.2.8 Measure

No discussion in a

8.3.2.9 Measure

ment of Front and Rear Ride Camber Coefficients
dition to that of SAE J1574-1.

ment of Ride Caster Coefficient

Idition to that of SAE J1574-1.

ment of Front and Rear Shock-Absorber Travel Ratios in Ride
Idition to that of SAE J1574-1.

ment of Front and Rear Ride Steer Coefficients

Idition to that of SAE J1574-1.

ment of Front and Rear Roll Camber Coefficients

Idition to that of SAE J1574-1.

ment of Roll Caster Coefficient

Idition to that of SAE«J1574-1.

ment of Front and-Rear Suspension Roll Center Heights
dition to that of SAE J1574-1.

mentief.Front and Rear Shock-Absorber Travel Ratios in Roll

idition to that of SAF J1574-1

No discussion in a

8.3.2.10 Measurement of Front and Rear Roll Steer Coefficients

No discussion in addition to that of SAE J1574-1.
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8.4 Data Processing and Presentation

In general, these test procedures will produce data in the form of hysteresis loops describing the relationship of the
dependent variable to the independent variable. This hysteresis can be produced by friction and/or lash in the suspension
or steering system. Such hysteresis loops complicate the data reduction process of determining slopes at a given
operating point. Methods of determining such slopes are discussed in some detail in 9.4. No single method is
recommended as the best, since there is no generally accepted industry practice for determining such slopes in the

presence of hysteresis.

8.4.1

Determination of Overall Steering Ratio

No discussion in a
8.4.2 Determina
No discussion in a
8.4.3 Determina
No discussion in a
8.4.4 Determina
No discussion in a
8.45 Determina
No discussion in a
8.4.6 Determina
No discussion in a
8.4.7 Determina
No discussion in a
8.4.8 Determina
No discussion in a

8.4.9 Determing

fdition to that of SAE J1574-1.

ion of Front and Rear Ride Camber Coefficients
Idition to that of SAE J1574-1.

ion of Ride Caster Coefficient

Idition to that of SAE J1574-1.

ion of Front and Rear Shock-Absorber Travel Ratios in Ride
Idition to that of SAE J1574-1.

ion of Front and Rear Ride Steer Coefficients

Idition to that of SAE J1574-1.

ion of Front and Rear Roll Camber Coefficients

dition to that of SAE J1574-1;

ion of Roll Caster Coefficient

dition to that of SAE Y1574-1.

ion of Front and*Rear Suspension Roll Center Heights
Idition to.that of SAE J1574-1.

tion\of Front and Rear Shock-Absorber Travel Ratios in Roll

No discussion in addition to that of SAE J1574-1.

8.4.10 Determination of Front and Rear Roll Steer Coefficients

No discussion in addition to that of SAE J1574-1.

8.5

Calibration Procedures

No discussion in addition to that of SAE J1574-1.

8.5.1

Linear Displacement Transducers

No discussion in addition to that of SAE J1574-1.
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8.5.2  Angular Displacement Transducers

No discussion in addition to that of SAE J1574-1.

8.5.3

Force Transducers

No discussion in addition to that of SAE J1574-1.

9. MEASUREMENT OF SUSPENSION ELASTIC AND COULOMB FRICTION CHARACTERISTICS

9.1

Variables Measured

Section 9 of SAE
Coulomb friction ¢
yaw, and roll plang
modeling techniqu
as the motivating,
vehicle-coordinate
designed to meag
measurement.

It is recognized th
dependent variabl
independent varial]

9.2 Apparatus

There are a numb
discussion.

9.2.1 General P¢
It was noted in 9.2
during quasi-static
time with measurg

prevent the abaten
of vehicle suspen

J1574-1 describes measurement procedures for determining all of the suspensia
haracteristics which have a major influence on the vehicle's wheel positionras/teg
performance of the vehicle. As a general approach, and in order to comply)with b
bs, measurement procedures described generally identify tire forces and moments,

independent variables of the experiments. Further, suspension or wheel’motions,

system, are considered to be the dependent variables of the experiménts. Thus t
ure suspension compliance, specifically excluding the contribytions of tire com

at in specific instances, it may be of value to the investigator to define alternats
ps. For example, aligning moment about the kingpin jof a steering suspension n
le.

br of points of interest regarding the apparatus described in 9.2 of SAE J1574-1 wh

prformance Requirements

of SAE J1574-1 that “force,"tsnoment, and deflection measurements should be cond
motions” of the suspension? “Alternatively, displacement may be generated in a ste
ments conducted during” quiescent periods. In this case, however, special care
nent of the applied forces and moments during quiescent periods.” The force/deflec
sions may include significant levels of Coulomb friction as well as compliance pr

presence of Coulofnb friction which; in the second case, may lead to experimental difficulty.

Figure 2 displays 3
relationship might
displays the force

hysteretic force/deflection relationship representative of many vehicle suspension
pe determined from measurements made during an experiment employing continuou
deflection behavior of the same suspension during a hypothesized experiment e

displacement of th

n compliance and
ards linear regime,
oadly used vehicle
s defined by SAE,
Hefined in the SAE
he procedures are
pliances from the

e independent and
ay be a desirable

ch deserve further

ucted continuously
bwise manner over
must be taken to
tion characteristics
operties. It is the

broperties. Such a
s motion. Figure 3
mploying stepwise

e-suspension. In this experiment, at each quiescent period in the increasing pon

tion of the loading

cycle, the motivating mechanism relaxes through a very small displacement prior to the recording of each data point
(indicated by the x's). Because of Coulomb friction, however, the slight decline in displacement results in a significant
drop in force. Thus the data taken are not truly representative of the force/deflection characteristics of the suspension.

Accordingly, in measuring force/deflection characteristics in which Coulomb friction may be present, the investigator
should take great care to prevent abatement of applied forces if a stepwise procedure is used.
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FORCE

7 )
Y4

DEFLECTION

FIGURE 2[- SUSPENSION LOAD/DEFLECTION RELATIONSHIP\FOR CONTINUOUS DISPLACEMENT

FORCE

DEFLECTION

FIGURE"3=SUSPENSIONTOAD/DEFLEC TONSHIP FOR STEPWHSE DISPEACEMENT
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9.2.2 General Configurations

In 9.2.1 of SAE J1574-1 it is stated that “machine configurations which allow for testing of suspensions with tires installed
in their normal manner” are recommended by the standard, but that to overcome certain deficiencies of this approach,
specialized spindle support features are also acceptable. Simply stated, a standard tire is a most convenient “fixture” by
which to apply tire forces and moments to the suspension. Further, leaving the tire installed, rather than mounting special
fixtures, may simplify test setup resulting in a more efficient test procedure. Unfortunately, using the tire as the “fixture” by
which to apply forces and moments to the suspension does not allow fully independent control of all test conditions and
variables. For example, the tire-rolling radius defines the position of the tire shear plane relative to the vehicle and its
suspension. Rolling radius is, however, a function of the individual tire, inflation pressure, and the tire-loading condition.
Thus, to the extent that rolling radius, and other geometric characteristics of the tire, are variable, the geometry of the

suspension-loading condition is variable.  Further, when a tire is used fo apply suspension loads,-0O
becomes a depenflent, rather than independent, variable, being a function of the individual tire,Nnfl
applied vertical arjd lateral forces, and tire-camber angle. For solid axle suspensions, tire,overtu
generally be considered as but one portion of the total roll moment applied to the suspension.
suspensions, howegver, it stands as a conceptually independent input, which unfortunately cannot
controlled if the ingut “fixture” is a tire resting on the ground plane.

Accordingly, the inyestigator should be aware that the results obtained by the methods described in SA
in part, dependent| on the particular tire fitted during testing. Although the influence of the tire may
relatively small, tests with a variety of tires installed and/or analytical evaluations’should be conducte

influence and its e

As an alternative,

(along with vertice
aforementioned co
decrease in testing

At the outset of 9.2
suspension compli

a. Devices in whi

b. Devices in whi

In either of the pre
body/frame does n

The body/frame i
“suspension” comp
cases, it may be th
be reasonable to i
exist in the vehicle

ect on the test accuracy desired.

special spindle support fixtures, allowing independent control of rolling radius and o
| and lateral force and aligning moment) may<be employed. Such fixtures, w
nceptual difficulties, may impose significant increases in equipment complexity ang
efficiency.

.2 of SAE J1574-1, it is indicated that {there are two reasonable, alternative, generz
Ance measurement devices” and thatthese are:

Ch the vehicle body/frame is hel@-fixed and the suspension is exercised by a moving
ch the ground plane is fixed-and the suspension is exercised by moving the vehicle b

ious cases, the “proper” method of applying forces (be they reactive forces or motiv
pt yield to straightforward definition.

s, itself, aCcompliant element and consequently, can have a contributory ef
liances, . depending on the nature and location of body/frame-to-test-fixture attachmse
e purpose of the investigator to isolate and measure suspension compliances only.
hcludevthe effects of body/frame compliance in “suspension” measurements since

berturning moment
htion pressure, the
rning moment can

For independent
be independently

E J1574-1 may be,
be expected to be
H to determine this

verturning moment
hile alleviating the
cost and cause a

| configurations for

ground plane and
ody/frame.

ating forces) to the

ect on measured
nt points. In some
Conversely, it may
these compliances
., road-wheel steer

in-normal operation and may contribute to significant displacement parameters, e.g

angle. In this cas

, however, It must De reallzed that the nevitable point-wise 10ading wnicn a test T1iXture will apply to the

body/frame will produce deflection patterns somewhat in variance with those produced under the distributed, inertial force
loading generated in vehicle use.

Trucks and highway trailers deserve special consideration with respect to the issue of body/frame compliance. The frame
rail configuration of such vehicles generally yields high levels of body/frame compliance—sufficiently high that these
compliances may have as strong an effect on certain aspects of ride and handling performance as do suspension
compliances. Further, the wide variety of bodies which may be mounted on a given chassis and the equally wide variety
of loading configurations may strongly affect body/frame compliances and their resulting effect on performance.
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As a consequence of the previous issues, it is suggested that:

a.

If it is the purpose of the investigator to isolate and measure only suspension compliances, the body/frame attachment

hardware should rigidly locate all members to which suspension elements are mounted as near to the suspension-

mounting points as practicable.

For passenger cars, if it is the intention of the investigator to include body/frame compliance effects, then the

passenger section of the vehicle should be rigidly located through a minimum of four attachment points located
approximately at the four (plan view) corners of that section. This recommendation should be tempered by the

engineering judgment of the investigator based on his understanding of the structure of the specific

test vehicle.

For trucks and trailers of conventional framerail construction, it is suggested that Item (a) be follg
attention be giyen to the effects of body/frame compliance.

Paragraph 9.2.2 of SAE J1574-1 also indicates that a suspension compliance measurementfacility sh
independent appligation of tire-lateral force and aligning moment at each of the wheel positions of the S
The application of gither load is to be accompanied by effectively zero levels of:

a. Other tire shedr forces and moments and

b. Suspension vertical and roll displacements

Note that Item (a)
contact center. Maintenance of constant vertical wheel position (ltem. (b)) throughout the loading p
requires control of|the vertical displacement actuator via feedback of the vertical wheel displacement
control function is pot available, an optional approach is as follows: Having established the nominal ve
condition, maintair] the relative position of the simulated ground plane and the vehicle body/frame @
experiment. In thig case, tire deflections will allow small vertical and/or roll displacements of the sus
and record verticdl and roll displacement data during-the" cyclical loading in order that this data, i
suspension kinematic characteristics (Section 8) can be'used to compensate the steer angle data c
experiment. That |s, vertical and roll displacements:are to be used with ride and roll steer coefficients
of wheel steer gengrated by these kinematic effects. This level of steer is then to be subtracted from t
angles of this expefiment prior to determining.thefateral force steer coefficient.

Finally, 9.2.2 of SAE J1574-1 states that'a suspension-compliance measurement facility should be ca
tire normal force,| lateral force, aligning moment, and overturning moment at each wheel posit
suspension. Due {o the influence of tire and suspension compliances, the strict maintenance of the p

wed and individual

ould be capable of
ubject suspension.

implies a high degree of precision in establishing the\line of action of the lateral fofce through the tire

rocess, in general,
signals. If such a
rtical displacement
onstant during the
pension. Measure
n conjunction with
bllected during the
to predict the level
he measured steer

bable of measuring
on of the subject
roper orientation of

both the applied lopds and the load-transducer systems may be difficult to accomplish. While it is straightforward to orient

the normal force aixis perpendicularly to the ground plane, the maintenance of the lateral force axis t
center and in a dirgction perpendicular to the line of intersection of the wheel plane and ground plane m
options appear realsonablé-with respect to both force and moment application and measurement, viz.:

hrough the contact
ay be difficult. Two

In the initial zero lateral force and zero aligning moment condition, the force and moment applicatiq)n system and the

measurement system axes should be oriented coincidentally with the SAE Tire axis system. [hereaiter:

a. These systems may remain fixed in the ground plane segment whose motion induces aligning moment and/or lateral
force, or
b. These systems should remain fixed in the ground plane as referenced to the line of intersection of the ground plane

and the vehicle plane of symmetry.

Either option produces errors in the orientation of the force and moment reference axis system relative to the SAE tire axis
system under deflected conditions. For example, under conditions of applied aligning moment, because of tire
compliances the force reference system of option (a) will rotate in the ground plane through a larger angle than will the
SAE tire axis system. Conversely, the reference system of option (b) will not, by definition, rotate at all. In either case,
induced errors for linear range measurements should be small.
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In general, the shear-load actuation system requires a low-friction planar bearing parallel to the ground plane in order to
support tire normal loads. This bearing may represent a path-to-ground for shear loads which is parallel to the shear-load
transducers, as well as being a source of unwanted longitudinal shear loads. Therefore, the bearing should have a
maximum friction coefficient under operational conditions of 0.001.

9.2.3 Performance Requirements

As in other sections of this document, this paragraph is devoted to the rationale for the accuracy requirements shown in
Tables 13A and 13B, of SAE J1574-1. This is addressed in Table 13 which shows allowable errors for the variables

discussed in SAE J1574-1, as well as allocations for contributions to that error.

Four of the variables listed (two steer and two camber coefficients) directly affect total vehicle undérsteer.

variables, the “totgl error” values shown in the second column are based on sensitivity studies perfof|
dynamics simulatign of a small FWD passenger car and are consistent with an understeer errot contr
0.025 degree/g (pgr axle) for that coefficient. Acceptable errors for the camber coefficients areybased
a bias tire. The adceptable error for ride rate is consistent with the determination of sprung mass ride

2.5%.
Coulomb friction
curves. The accegp

As in Table 11, all
source” variables (

That for rdll rate is consistent with the determination of roll gradient to within 5%

The ac

For these
med with a vehicle
bution of less than
on a worst case of
frequency to within
ceptable errors for

atch those for ride and roll rate since they are determined from, the ride and roll fate load deflection

table error for lateral force deflection coefficient is arbitrary.

of the sensitivities have values of 1.0%/%. This reflects the:fact that an error of 1%
such as aligning moment) will result in an error of 1% inthe variable being compute

moment steer coefficient). All of the “max source” errors are expressed<@s a percentage of a measurg

normally nonzero.
coefficient, and ste
inclusion of absolu

9.3 Test Proced

The test procedure
linear vehicle mod
of interest about th
steerable suspens

Possible exceptions to this are camber angle, in the measurement of alignin
er angle, in the measurement of lateral force steer coefficient. These possibilities ar
e error limits in Tables 13A and 13B of SAE J1574-1.

ires
s which were described in SAE J1574-1 assume that the resulting parameters are

bls. Therefore, the procedures aré generally defined to determine the rate (or gain
e nominal operating point, i.e,;Jnominal axle load (9.3.1), zero roll angle, zero tire s

the suspension though infinitesimal ranges ‘about the operating point. In fact, the presence of Coulg

hysteresis require
exercising the sus
procedures allow t
that gain and hys
exercised over snj
choosing such ran

5 testing through finitesranges as do limitations of instrumentation. These proce
bension to the estimated possible extremes of what is normally considered the lin
ne experimenter to evaluate the appropriateness of the linear assumption. They als
feresis effects ‘may be clearly distinguished. It is also recommended that the t
aller ranges)as may be appropriate to the intended application of the data. Re
jes are given'in 9.4 herein.

in any of the “max
d (such as aligning
d variable which is
j moment camber
b addressed by the

ntended for use in
of the relationship
hear loads, and for

ons, zero steer angle. According to the simplest theory, such gains may be deternfined by exercising

mb friction-related
dures recommend
ear range. These
0 generally ensure
st suspension be
ommendations for
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TABLE 13 - VARIOUS CONTRIBUTIONS TO TOTAL ERROR

Total Error Error
Variable Error Sources Sources
Camber Aligning Moment
aligning moment 10.0% max error: 5.0% 5.0%
camber coeff. sensitivity: 1.0%/% 1.0%/%
max source: 5.0% 5.0%
Steer Aligning Moment
aligning moment 5.0% max error: 2.5% 2.5%
steer coeff. sensitivity: 1.0%/% 1.0%/%
max source: 2.5% 2.5%
Camber Lateral Force
lateral force 5.0% max error: 2.5% 2.5%
camber coeff. sensitivity: 1.0%/% 1.0%/%
max source: 2.5% 2.5%
Lat. Disp. Lateral Force
lateral force 5.0% max error: 2.5% 2.5%
deflection sensitivity: 1.0%/% 1.0%/%
coefficient max source: 2.5% 2.5
Steer Lateral Force
lateral force 5.0% max error: 2.5% 2.5%
steer coeff. sensitivity: 1.0%/% 1.0%/%
max source: 2.5% 2.5%
Vert. Force Wheel Ctr. Displacement
Coulomb friction 5.0% max error: 2.5% 2.5%
in ride sensitivity: 1.0%/% 1.0%/%
max source: 2.5% 2.5%
Vert. Force Wheel Ctr. Displacement
ride rate 5.0% max error: 2.5% 2.5%
sensitivity: 1.0%/% 1.0%/%
max source: 2.5% 2.5%
Roll Moment Roll Displacement
Céulomb friction 5.0% max error: 2.5% 2.5%
in-roll sensitivity: 1.0%/% 1.0%/%
max source: 2.5% 2.5%
Roll Moment Roll Displacement
roll rate 5.0% max error: 2.5% 2.5%
sensitivity: 1.0%/% 1.0%/%
max source 2.5% 2.5%

Notes

1 The “max error” is the maximum error permitted for a given error source. The sum of these
values equals the “total error” shown for each variable.

2 The “sensitivity” is the measured error, in percent, for the variable per unit of error at the
source. Values are approximate for the vehicle studied.

3 The “max source” is the maximum error at the source such that the “max error” is not
exceeded for the “sensitivity” shown. The “max source” is the “max error” divided by the
“sensitivity.”



https://saenorm.com/api/?name=723fe03575aa0cfd6299423f76a31623


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColorForImages
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


