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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The dynamic behaviour of a road vehicle is a very important aspect of active vehicle safety. Any given
vehicle, together with its driver and the prevailing environment, constitutes a closed-loop system that
is unique. The task of evaluating the dynamic behaviour is therefore, very difficult since the significant
interaction of these driver-vehicle-environment elements are each complex in themselves. A complete
and accurate description of the behaviour of the road vehicle shall necessarily involve information
obtained from a number of different tests.

Static propertles of the vehicle and 1ts systems can have an 1mportant 1mpact on the Vehlcle dynamic
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this test method quantifies only one small part of the complete vehicle handling cha
esults of these tests can only be considered significant for a correspondingly smal
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Heavy commercial vehicles and buses — Definitions of
properties for the determination of suspension kinematic
and compliance characteristics

1 Scope

This
ISO 3
Thes|
with

Vehi

dynd
Thes
typic
This

nece
prov

document applies to heavy vehicles—that is, to commercial vehicles and buses™a
833—that are covered by the categories M3, N2, N3, 03, and 04 of ECE and EC vehicle
e categories pertain to trucks and trailers with maximum weights above 3,5 tohnes §
maximum weights above 5 tonnes.

fle suspension kinematic and compliance (K&C) properties that impact vehicle s
mic behaviour are described in this document and common methods-of measurement 3
e methods are applicable to heavy vehicles. The measurements aréperformed on a sin
ally one or two axles at a time.

document will define or reference the key suspension kiiematic and compliance
csary for characterizing and simulating vehicle suspension’ performance. These parg
de system-level descriptions of quasi-static behaviouithat can be cascaded into sul

component performance targets. The suspension variables required for determining

char
susp
chas
mea
the s

2

The
cons
undg

ISO §

ISO
vehid

3

hcterization of one vehicle end, i.e. for a single aXle or for multiple axles inter-rela
bnsion configuration (for example, walking-beam), are provided. Metrics pertai
bis connection between the front and rear suspensions are not included. Some typica
urement will be discussed, however detail*on how the measurements are executed i
cope of this document.

Normative references

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of-this document. For dated references, only the edition cited
ted references, the latestedition of the referenced document (including any amendme

855, Road vehicle$— Vehicle dynamics and road-holding ability — Vocabulary

| 5037-2, Road vehicles — Vehicle dynamics test methods — Part 2: General conditio
les and buses

Terims and definitions

b defined in
regulations.
ind to buses

tability and
ire outlined.
gle unit and

parameters
meters also
system and
suspension
ted through
hing to the
methods of
5 not within

heir content
applies. For
hts) applies.

s for heavy

For the purposes of this document, the terms and definitions given 1n IS0 8855, ISOU 15037-2 and the
following apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

3.1
side

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

view swing centre

pointin a plane parallel to the Xi-Z;, plane that intersects the wheel centre and locates the instantaneous
centre of rotation of the wheel centre resulting from a displacement in the Zy, direction

©ISO
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3.2

side view swing arm angle

angle from a horizontal line parallel to the Xy-Zy plane that intersects the side view swing centre (3.1)
and the line that intersects the side view swing centre and wheel centre

3.3
longitudinal force compliance, with suspension torque

XA' ’

Fx
rate of change of the wheel centre displacement in the Xy, direction with respect to a force exerted on
the geometric centre of the tyre contact patch in the Xy, direction

34
longitudinal force compliance, without suspension torque

XA»
Fxw

rate of chanjge of the wheel centre displacement in the Xy, direction with respect to a force exert¢d on

the wheel cgntre in the Xy, direction

3.5
longitudinal force camber compliance, with suspension torque

8 R ’
VFy
rate of change of camber angle with respect to a force exerted on’the geometric centre of the|tyre
contact patdh in the Xy, direction

3.6
longitudinal force camber compliance, without suspension torque

8 R ’
VFxw
rate of change of camber angle with respect to a force exerted on the wheel centre in the Xy, directfon

3.7
longitudinal force steer compliance, withrsuspension torque

5ﬁx
rate of chanpe of steer angle with respect to a force exerted on the geometric centre of the tyre coptact
patch in the[Xy, direction

3.8
longitudinal force steer compliance, without suspension torque

6_ ’
Fxw
rate of change of steér angle with respect to a force exerted on the wheel centre in the Xy, direction

3.9
longitudinalforce windup compliance, with suspension torque

TA, ’
F,
X
rate of change of the axle or hub assembly angle about the Yy, axis with respect to a force exerted on the
geometric centre of the tyre contact patch in the Xy, direction

3.10
longitudinal force windup compliance, without suspension torque

', XW
rate of change of the axle or hub assembly angle about the Yy, axis with respect to a force exerted on the
wheel centre in the Xy, direction

2 © IS0 2022 - All rights reserved
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3.11
lateral force compliance at the wheel centre

Ve

YW
rate of change of wheel centre displacement in the Yy, direction with respect to a force exerted on the
geometric centre of the tyre contact patch in the Yy, direction

3.12
lateral force compliance at the contact centre

’
ya
Fy
rate pfchangeof geometriccentreof the—tyrecontact patchdisplacementtrthe YV direction with
respect to a force exerted on the geometric centre of the tyre contact patch in the Yy, diredtjon

-

3.13
latertal force camber compliance
EViy
rate of change of camber angle with respect to a force exerted on the(geometric centrd of the tyre
contact patch in the Yy, direction

3.14
lateral force steer compliance

’
5I;Y
rate pf change of steer angle with respect to a force exerted on the geometric centre of the fyre contact
patch in the Yy, direction
3.15
aligning moment camber compliance
€

VM
i
rate pf change of camber angle with respect to a moment exerted on the tyre contact patch pbout the Zy,

axis

3.16
aligning moment steer compliance

/|

rate pf change of steer*angle with respect to a moment exerted on the tyre contact patch about the Zy,

auxiliary rollstiffness

@y faux
contfibution to roll stiffness beyond that which results from ride rate and symmetric yertical tyre
contactpatch=to-body disptacememnt

3.18
auxiliary suspension roll stiffness
K

@K ,Aux
contribution to suspension roll stiffness beyond that which results from suspension ride rate and
symmetric vertical wheel-to-body displacement

3.19

total ride toe

6Z[R-L)

change in the difference of the left steer angle from the right steer angle observed in ride mode (3.22)

©1S0 2022 - All rights reserved 3
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3.20
total ride toe gradient

Oyr1)
dZi%ferential of total ride toe (3.19) with suspension travel as observed in ride mode (3.22)

3.21

wheel pad

surface of the kinematic and compliance measurement facility that supports each tyre contact patch
and is typically capable of applying forces at the geometric centre of the tyre contact patch in the X and
Y directions, moments at the tyre contact patch about the Z axis, and optionally displacements in the

Z direction

Note 1 to enf
rolled relativ
coincide.

3.22

ride mode
motion of ve
axle relativd

near-zZero af

3.23
roll mode

motion of si

the forces a
pad (3.21) X

4 Princi

This docuni
suspensions
a result of,
forces, mom|
Characteriz
vehicles as {
sprung mas

ry: The wheel pads are assumed to represent the ground plane. If the vehicle sprung mass
e to the wheel pads, it can be assumed that the intermediate axis system and vehicle axis’sy

hicle suspension produced by near-equal Z; displacements of the wheel'centres ona s
to the vehicle body, with wheel pad (3.21) X and Y forces and Z; homents controlled

practicable, and preferably with the change in 1\7IX held as near:to zero as practicable

hgle axle produced by a pure roll moment, 1\7IX, resulting from equal and opposite chan

and Y forces and Z; moments controlled to as near-zero as practicable

ple

lent defines the common suspension kinematic and compliance (K&C) properti

that relate to the change in orientation of the road wheel and tyre to the road surfa
ind relative to, forces, moments*and displacements input to the tyre contact patches
ents and displacements are intended to reflect those encountered in real-world manoeu|
htion of these properties is essential to modelling the ride and handling behaviour of
he motion of the tyre cantact patch relative to the sprung mass is determined by bot
5 to tyre orientation and the tyre to road surface orientation.

The intent df K&C measurements is to isolate the change in ground and wheel planes to vehicle sp

mass orient
For instancd
is sensitive

is isolated b
the vertical

ation that result from each of the relevant primary forces, moments and displacem
, lateral foree steer compliance is measured by suppressing other inputs that steer §
o, such-as change in longitudinal force or steer moment. The lateral force steer compl
y controlling the wheel pad longitudinal force and steer moment to zero and constra
poSition of the contact patch to avoid introducing kinematic effects resulting from

S not
stem

ingle
to as

ge in

pplied to the left and right tyre contact centres of each axle in the Z} direction, with wheel

ps of
ce as

The
vres.
road
h the

rung
ents.
ingle
ance
ning
trim

height chan

be.Similarly, other measurements are made with constraints defined to isolate the ch

ange

resulting from particular forces, moments or displacements to facilitate the principle of superposition
when used in a vehicle simulation.

While itis essential to isolate the reactions to specific forces, moments or displacements, the inputs shall
be representative of naturally occurring inputs. For example, when measuring the roll characteristics
of a suspension, it is strongly preferred to simulate the sprung mass roll relative the ground plane. This
may be achieved using asymmetric vertical displacement of the wheel pads or by rolling the vehicle
body relative to the wheel pads. In either case, the sum of the normal forces exerted on the axle shall
remain constant. This is more representative of on-road behaviour than the input of equal and opposite
vertical displacements at the tyre contact patches.
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Variables used to characterize vehicle suspension K&C properties are typically determined in the

following manner:

— the change in wheel orientation as defined by the wheel axis system (Xy, Yy, Zy) resulting from a
displacement, force, or moment aligned to the intermediate axis system (X, Y, Z) (see ISO 8855);

— the displacement of the wheel centre as defined by the intermediate coordinate system (x, y, z)

resulting from a torce aligned to the intermediate axis system (X, Y, Z) (see [50 8655);

— the change in vehicle sprung mass orientation as defined by the vehicle axis sgstéem (Xy, Yy, Zy)

see ISO 8855).

fesulting from a displacement, force, or moment aligned to the intermediate axi$ system (X, Y, Z)

NOTH Ideally the changes in wheel orientation due to tyre forces and moments would be deternpined relative
to th¢ tyre forces and moments in the tyre axis system (X, Yo, Z7), since this is the reference system|in which tyre
forceland moment properties are provided. However, it typically is not practical to maintain contadt patch shear
forcelalignment with the tyre axis system in a K&C machine and so, the shear forces are normally|aligned with
the intermediate axis system. For the small angles that normally result during compliance measyrements, the

diffeffences can be neglected.

5.2 | Variables to be determined

Varigble definitions not found in ISO 8855 can be foundin Clause 3. To describe the relativg suspension
motipns resulting from external forces and moments, the principal relevant variables are the following:

5.2.1 Vehicle geometry
— heel centre

— ¢ontact centre

— ¢ontact patch

— fandem axle spacing

— b, track

5.2.2 Motion.variables
— @y, vehicleroll angle

— @y suspension roll angle

— ride displacement

— bogie orientation variables (pitch, roll, twist)

5.2.3 Forces and moments
—  Fy, longitudinal force

— F‘Y , lateral force

— F,, vertical force

— My, roll moment

© IS0 2022 - All rights reserved
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1\715, steering-axis torque

Fyr, tyre longitudinal force at the contact centre
Fyr, tyre lateral force at the contact centre

Fyp, tyre vertical force at the contact centre

Fyy , longitudinal force at the wheel centre

5.2.4 Steprlng geometry

0, steer pngle
Oiny Kinematic steer angle
-

6

' kin» Mean kinematic steer angle

inc kin» Included kinematic steer angle
static tde angle

total stqtic toe angle

Oy, steefing wheel angle

Ackermpnn error

steering ratio

is, overdll steering ratio

&y inclination angle (actual measurement)
&y camler angle (calculated)

7, castor angle

n,, castor offset at ground

n,, castgr offset at wheel cénitre

O meaTn steer angle

o, steering-axis in¢lination angle

rg, steering-axis offset at ground

r,, steerling=axis offset at wheel centre

r, scrub radius

5.2.5 Kinematics

b,, ride track change

b,’, ride track change gradient
6,, ride steer

6, ride steer gradient

gy, ride camber

© IS0 2022 - All rights reserved
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gy, ride camber gradient
T, ride castor
7,/ ride castor gradient

5(p ,roll steer
v

)

7 .
oy roll steer gradient

EVpy o roll camber

ISO 23365:2022(E)

qu)v', roll camber gradient

T v, roll castor

v
1'(9\,’, roll castor gradient
foll centre height

gide view swing arm angle

5.2.4 Compliances

5Vﬁxw

r—v

»(FX', longitudinal force compliance, with suspension texque
Xﬁxw/' longitudinal force compliance, without suspénsion torque
’ . . . \ .
2 longitudinal force camber compliance;with suspension torque
" longitudinal force camber compliance, without suspension torque
4 . . , . .

b5, longitudinal force steer compliance, with suspension torque

X

=, longitudinal force steei>compliance, without suspension torque
D longitudinal f t pl thout susp torq
Xw

’ . . . . . .
[, longitudinal force wihdup compliance, with suspension torque

X
7 " longitudinalforce windup compliance, without suspension torque
Xw
yﬁY', lateral force compliance at the contact centre
yﬁyw, Slateral force compliance at the wheel centre

’ .
£z , lateral force camber compliance
I

05 ’, lateral force steer compliance
Y
’ . . .
EVMZ , aligning moment camber compliance
’ . . .
61‘712 , aligning moment steer compliance

5.2.7 Ride and roll stiffness
— Ky riderate

— Kyx, suspension ride rate

© IS0 2022 - All rights reserved
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oy roll stiffness

v

, suspension roll stiffness

auxiliary roll stiffness

auxiliary suspension roll stiffness

— K

. vertical displacement tandem axle load redistribution stiffness

— K,k vertical suspension displacement tandem axle load redistribution stiffness

— K

v tanflem axle Twist stiiiness

— K, tapdem axle suspension twist stiffness

— Kyp, tyrp normal stiffness

5.2.8 For¢e reactions

|

’

o)

7

7 hti-squat and anti-dive force gradient

5 |

|

’

7Fy j4cking force gradient

<

DtF | longitudinal force tandem axle dynamic load transfer
XT

6 Measuring equipment

6.1 Measurement accuracy

Variables measured to characterize vehiclesssuspension kinematic and compliance propdrties
are presentled in Table 1. Typical operating:ranges are presented, as well as minimum accyracy
recommendptions. Either accuracy (percentage of full scale or absolute) may be used. Several refer¢nces
are made throughout this document totholding forces or moments to “as near-zero as practicpble”
to minimize¢ their influence on a pafticular measurement. The values presented in the “nearfzero
threshold” ¢olumn represent the rfecommended maximum controlled and measured value for [such
forces or mgments.

Table 1 — Variables to be measured

; Accurac
Variable @ ngll?;i?;g (% of ful}; Absolute Near-zero
accuracy threshjold
range scale)
&y inclinatigriangle +10° +1,0 0,1°
T, castor angle +10° +1,0 0,1°
6, steer angle (K&C test) +5° +2,0 0,1°
Okins Kinematic steer angle (steering ratio test) +45° +0,2 0,1°
Oy, steering-wheel angle (steering ratio test) +1 080° +0,1 1,0°
suspension longitudinal displacement +100 mm +1,0 1,0 mm
suspension lateral displacement +100 mm +1,0 1,0 mm
suspension ride displacement +150 mm +0,7 1,0 mm
ride displacement +200 mm +0,25 0,4 mm
@y, suspension roll angle +4° +1,5 0,06°
¢y, vehicle roll angle +5° +0,6 0,03°

8 © IS0 2022 - All rights reserved
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Table 1 (continued)
i Accurac
Variable 2 O'I‘Selll:')éll(l::?li Y Absolute Near-zero
p g (%o of full | jccuracy threshold
range scale)
M »1 tyre aligning moment +4 000 N-m +0,25 10,0 N-m 20 N'm
F yp, tyre longitudinal force at contact centre +30 000N +0,25 75N 100N
F yp, tyre lateral force at contact centre +30 000N +0,25 75N 100N
F ,p, tyre normal force at contact centre (60000£60000) N £0,2 120N 100N
F yy} longitudinal force at wheel centre +30 000N +0,25 75N 100N
6.2 | Derived variable accuracy
Varigbles calculated to characterize vehicle suspension kinematic and cempliance pr¢perties are
pres¢nted in Table 2.
Table 2 — Derived variables
; ; Accurac
Variable 2 Typical operating y Absolute
range (% of full scale) agcuracy
ig, oylerall steering ratio 15 to,30 +1,5 0,5
SVMZ,' aligning moment camber compliance (-1,5 to-2¢5)°/kNm +10,0 0,45°/kNm
51‘7’2/ , aligning moment steer compliance (0to 0,5)°/kNm +5,0 /kNm
EvF, | lateral force camber compliance (-2,5to 2,5)°/kN £5,0 g,1°/kN
YFY, lateral force compliance at the contact (0,005 tok1l\?,0) mm/ £5.0 phm/kN
centfe
SFY' lateral force steer compliance (-0,05 to 2,0)°/kN +5,0
K,k $uspension roll rate (500 to 40 000) Nm/° +5,0
K,k puspension ride rate (11 to 2 400) N/mm +5,0
&y, Jide camber gradient (-0,1to 0,1)°/mm +2,0 +0J02°/mm
T, ride castor gradient (-0,05 to 0,05)°/mm +10,0 +0J02°/mm
6, rlde steergradient (-0,15 to 0,15)°/mm +2,0 40,0000 4°/mm
£V<Pv’ , réll camber gradient (0 to 1)°/° +2,0 +0,01°/°
T(pv', ot castor gradiemnt (0to0;5)° 16;0 21,0 %
roll centre height (-100 to 1,000) mm ,5 +2,5 mm
6,y roll steer gradient (-0,25 to 0,25)°/° +2,0 0,25 %

7 Suspension parameter measurement guidance

7.1 Steering geometry

7.1.1 Steering ratio

Steering ratio, defined in ISO 8855, is the rate of change of steering-wheel angle with respect to the
mean kinematic steer angle at a given steering-wheel angle. Testing is conducted by the simultaneous
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measurement of steering-wheel angle and the left and right kinematic steer angles as the steering-wheel
is turned throughout its range of motion. Mean kinematic steer angle is determined by averaging the
coincident individual kinematic steer angles on the axle for calculation of the steering ratio. In practice,
the wheel pad vertical position is held fixed relative to the vehicle body as the steering-wheel is turned
at a slow smooth rate, on the order of one turn per minute with any available power assist activated.
Forces in the X-Y plane and moments about the Z; axes are controlled to as near-zero as practicable.

It is recommended that a minimum of three continuous lock-to-lock steer cycles be completed for
analysis. The straight ahead steering-wheel angle position is best determined by driving the vehicle
straight ahead and noting the position of the steering-wheel prior to making K&C measurements. This
position should be defined as zero. Alternatively, if absolute steer angles are measured, zero steering-
wheel anglgcan be defined where € Steering ratio tesp can
commence firom the straight-ahead steering-wheel position, smoothing and/or curve fitting of the|data
may be perfprmed better when the test commences from the steering-wheel angle turned full'clockwise
or counter-dlockwise to avoid the discontinuity in the data occurring near-zero steering-wheel angle.

is to
ingle
ng as
e plot
filter
After

One recommended method of characterizing steering ratio as a function of steeringswheel angle
fit a formuld to the data. It is recommended that the steering-wheel angle and left and right steer i
data be smoothed prior to calculating steering ratio. A moving mean filter work's adequately as lo
there are suffficient data points beyond the range over which the ratio is to be\calculated. A samplg
of left and 1jight steer angles versus steering-wheel angle is shown in Clause 8. A moving mean
will result ip truncation of several initial and final data points in the fime-history data traces.
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NOTE1 A
However, ele
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Ined, they can be used te‘provide continuous smooth data for calculating properties

point-to-point or other numerical differentials can be taken/to calculate steering ratig
t, and mean steer angles. Curve fits can be applied to the ¢ross plot of steering ratio fo
ean kinematic steer angle versus steering-wheel angle

b gear, steering linkage geometry, and steering shaft joints contribute to nonlinea
onship between steering ratio and steering-wheel angle. Although it is possible to
curve or Fourier series to this relationship, amore specialised fit should be considered.
o may include first-order and second-order polynomial terms to represent asymmetry
['ypical steering shaft universal joint phdsing anomalies may be represented by incly
1soidal term having a period of two;cycles per steering-wheel revolution. Minimizin
ference between the ratio calculated from the raw data and the curve fit formula re
the values for the coefficients.'The term values determined from the curve fits can be
ize the various steering ratie\properties. If individual left and right steering ratio cury

hn error or turn diameter as a function of steering-wheel angle. An example cross p
eel angle and the left-and right kinematic steer angles and curve fits for left wheel,
verall steering patio'versus steering-wheel angle are shown in Clause 8.

unique steering'ratio can be measured for each steerable axle of a multi-steered axle ve
Ctronically.controlled steering systems that change steering ratio with vehicle speed or other
nly valid fot the state in which the test is performed.

NOTE2 A
wheel angle

h
]li/ith the vertical wheel-to-body distance fixed, for practical measurement purposes, the ve

otigh kinematic steer angle is defined as the road wheel steer angle resulting from a steg

s for
- left,

rities
fit a
Basic
y and
1ding
o the
sults
used
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right

hicle.
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ring-
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wheel-to-body travel need not be constrained. Tyre deflection resulting from steering axes that are not normal
to the wheel pads and the offsets in geometric centres of the tyre contact patch can result in wheel centres being
displaced relative to the vehicle body and a net steering system moment. The subsequent steer resulting from
suspension geometry and steering compliance is much smaller than that caused by steering system geometry
and is typically ignored.

7.1.2 Overall steering ratio (i)

Overall steering ratio is defined in ISO 8855. Vehicles that have more than one steer axle will require
thatthe steering ratio measurements for the individual steer axles be used to determine the relationship
of steering-wheel angle with respect to the included kinematic steer angle as defined in ISO 8855.
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7.1.3 Ackermann error

Ackermann error, defined in ISO 8855, is determined as a function of steering-wheel angle from data
collected in a steering ratio test. The left and right kinematic steer angle to steering-wheel angle
relationships can be determined by smoothing the raw data and/or by employing curve fits in a manner
similar to that discussed for steering ratio. ISO 8855 provides the definition for Ackermann error for
single or multi-steer axle systems. It is also possible to calculate the theoretical radius of turn, R, for the

vehicle based upon the geometric relationship between the included kinematic steer angle, 6\, and
the vehicle wheelbase, [, according to Formula (1):
R=— o
()inc,kin

An example of the relationship of Ackermann error and theoretical radius of turn versus Steering-wheel
angle for a single steer axle vehicle is shown in Clause 8.

7.1.4 Inclination angle (&)

Inclipation angle, defined in ISO 8855, is the angle from the Z; axis and./the’Z,y axis, in other words, the
angl¢ the wheel plane makes with a line perpendicular to the road plang, about the Xy, axi. Like steer
angle, inclination angle is a direct absolute measurement, however itjs relative to the ground plane and
not the vehicle body.

7.1.§ Camber angle (&)

Camber angle, defined in ISO 8855, is the angle betweén the Zy axis and the wheel plane, about the Xy,
axis.|Like steer angle, camber angle is a direct absolute measurement relative to the vehiclg body.

7.1.4 Castor angle (1)

Castor angle (Figure 1), defined in ISO 8855, can be determined from data collected in a sfeering ratio
test.|As steer angle changes, the wheeland hub assembly rotates in front view as a restilt of castor
angle¢, which is observed as a change in-camber angle. For small steer angle change about strpight-ahead,
castgr angle can be calculated from the relationship of the measurement of the change in camber angle
with|steer angle from Formula(2):

(2)

=

I

]

=

AN
—
ol
oo‘é“

N——

Whete castor angleis in radians and the differential is taken at zero mean kinematic steer angle.

7.1.7 Casteroffset at ground (n,)

Castpr.offset at the ground (Figure 1), defined in ISO 8855, can be determined from data cpllected in a
steerling’ratio test. Also referred to as castor trail or Kinematic trail, castor offset at the ground is the
longitudinal distance (parallel to the X; axis) from the tyre contact centre to point of intersection of
the steering axis with the road plane. As steer angle changes, the wheel and hub assembly rotates in
top view and the tyre contact centre rotates about the point of intersection of the steering axis with
the road plane, within in the road plane. For small steer angle change about straight-ahead, the castor
offset at the ground can be calculated from Formula (3):

d
e zﬂtﬂj 3

n | do
Where y;is the displacement of the tyre contact centre in the Y direction as steer angle, §, changes.

NOTE If determination of the tyre contact centre displacement is not practical, measurement of the
displacement of the wheel pad in the Y, direction is accepted as sufficient especially for small steer angle changes.
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7.1.8 Castor offset at wheel centre (n,)

Castor offset at wheel centre (Figure 1), defined in ISO 8855, can be determined from data collected
in a steering ratio test. Also referred to as spindle trail, castor offset at wheel centre is the distance
measured in the X direction between the projection of the wheel centre and the projection of the
steering axis on to the X;~-Z; plane. This measurement is positive if the projection of the steering axis
is forward of the projection of the wheel centre. As steer angle changes, the wheel and hub assembly
rotates in top view and the wheel centre rotates about the steering axis. For small steer angle change

about straig

n

ht-ahead, the castor offset at wheel centre can be calculated from Formula (4):

_180(dyw

T
T

Where yy i

7.1.9 Stee¢

Steering-axi
in a steerin
the angle be

{9 )
the displacement of the wheel centre in the Yy, direction as steer angle, §, changes.
bring-axis inclination angle (o)

s inclination angle (Figure 1), defined in ISO 8855 can be determined from data collg
b ratio test. Also referred to as kingpin inclination angle, steering=axis inclination an
tween the Zy axis and the normal projection of the steering axis.onto the Yy-Zy plane,

measureme
wheel and

as a change
angle can b

Where steel

7.1.10 Stee¢

Steering-axi
in a steerin
the lateral d
where the s

nt is positive when the top of the steering axis is inclined inward.As steer angle change

ub assembly rotates in side view as a result of steering-axis<inclination, which is obse

in castor angle. For small steer angle change about straight-ahead, steering axis inclin
calculated from the relationship of the measured change in castor angle with steer

ing-axis inclination angle is in radians,
tring-axis offset at ground (r,)
s offset at ground (Figure 1), defined in ISO 8855, can be determined from data collg

istance (measured along the Y axis) between the wheel plane (Xy-Zy, plane) and the
teering axis intersects the with the road plane (X-Y; plane). As steer angle change;

(4)

pcted
ble is
This
5, the
rved
htion
ingle

(5)

ected
b ratio test. Also referredto-as kingpin offset at ground, steering-axis offset at groupnd is
point
, the

wheel and hub assembly rotates in top view and the tyre contact centre rotates about the point of

intersection|
change aboy

_ 18
T

I'k

of the steering‘axis with the road plane, within in the road plane. For small steer

t straight-ahead, the castor offset at the ground can be calculated from Formula (6):
d X7
90

Where xis

e displacement of the tyre contact centre in the X direction as steer angle, §, change

NOTE

S.

hingle

(6)

If determination of the tyre contact centre displacement is not practical, measurement of the

displacement of the wheel pad in the X direction is accepted as sufficient especially for small steer angle changes.

7.1.11 Steering-axis offset at wheel centre (r,)

Steering-axis offset at wheel centre (Figure 1), defined in ISO 8855, can be determined from data
collected in a steering ratio test. Also referred to as kingpin offset at wheel centre, steering-axis offset
at wheel centre is the distance in the Y direction between the wheel centre and the projection of the
steering axis on to the Yyy-Z;; plane. This measurement is positive if the projection of the steering axis
is inboard of the wheel centre. As steer angle changes, the wheel and hub assembly rotates in top view
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and the wheel centre rotates about the steering axis. For a small steer angle change about straight-
ahead, the steering-axis offset at wheel centre can be calculated from Formula (7):

180 J xyy
| Z2W 7
‘o n(%] (7

Where xyy is the displacement of the wheel centre in the Xy direction as steer angle, §, changes.

7.1.12 Normal steering-axis offset at ground (qy)

Normal steering-axis offset at ground (Figure 1), defined in ISO 8855, can be determined from data
collerted in a steering ratio test. Normal steering-axis offset at ground is the normal distaice from the
contact centre to the projection of the steering axis on to the Y-Z; plane. This measurément is positive
if the projection of the steering axis is inboard of the wheel centre. The normal steering gxis offset at
ground can be calculated from Formula (8):

q=rycos(o) (8)

7.1.13 Normal steering axis offset at wheel centre (qy)

Normal steering axis offset at wheel centre (Figure 1), definedin ISO 8855, can be determined from
datalcollected in a steering ratio test. Normal steering axis offsetat wheel centre is the norinal distance
from| the wheel centre to the projection of the steering axis.on to the Yy-Zy, plane. This nmeasurement
is popitive if the projection of the steering axis is inboard:efthe wheel centre. The normal qteering axis
offseft at wheel centre can be calculated from Formula (9):

qw =Ty cos(o) 9)

7.1.14 Scrub radius (r)

Scrup radius (Figure 1), defined in SO 8855, can be determined from data collected in a steering
ratio| test. Scrub radius is the distance from the tyre contact centre and the point of intlersection of
the steering axis and the road plahe. As steer angle changes, the tyre contact centre rotates about the
steelfing axis. For a small steef angle change about straight-ahead, scrub radius can be calqulated from
this felationship as in Formula' (10):

_180( yIxy” +dyy” (10)
T 00

~
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ny

Key

1  wheel centre

2 contact dentre

3  steeringpxis

4  intersection of steeringéaxis with the road plane

Figure 1 — Steering-axis geometry (from ISO 8855)

7.2 Kinematics

7.2.1 General

Suspension kinematic characteristics are typically measurements that result from ride and
roll displacements of the suspension. Ride mode is ideally characterized by near-equal vertical
displacements of the wheel centres on a single axle. Roll mode is ideally characterized by a pure roll
moment input to the vehicle through equal and opposite forces applied to the left and right tyre contact
centres of each axle in the Z} direction. For a steer axle, it is necessary that any available power assist be
activated for both the ride mode and roll mode. In ride mode, any asymmetry in steering axis geometry
may result in a net moment about the kingpin, which the power assist will act to resist. Alternatively,
the steering gear may be locked so as to make the steering as rigid as possible to measure the kinematic
ride mode properties. Likewise, in roll mode, the power assist will act to resist the steering moment
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introduced by asymmetric vertical forces introduced to roll the suspension. In this case, it is advisable
that the steering system not be locked so as to observe the effect of steering system compliance on the
kinematic roll properties of the suspension.

In the ride mode, both wheel pads on the same axle are equally displaced vertically relative to the

vehicle body. Alternatively, left and right wheel pad displacement should be in force control with M 7
held as near to zero as practicable. With either method, wheel pad X and Y forces and Z; moments are
controlled to as near-zero as practicable. Although equal wheel centre vertical displacements are
desirable for determining suspension characteristics relative to the wheel centre, typically the
difference in left to right wheel centre displacements is negligible for equal tyre contact patch
displacements. Typical differences result from unequal tyre normal stiffnesses due to unequal tyre
pressure, or from unequal suspension ride rates due to production variation resulting in jasymmetric
sprirjg rates, bushing rates, or geometry. To the extent that suspension vertical displacgment is not
syminetric in ride mode evaluations, roll stabilizer bar torsional windup or other auxiliary roll stiffness
sourfes may contribute to ride rate and its asymmetry.

In th termine the
theel pad X
hotion of the
f the ground
o roll about
As aresult,
e, if springs

jounce will
ntre and the

e roll mode, the total axle load normal to the ground plane shall remain Censtant to dg
susppnsion characteristics resulting from a pure Xy moment. In roll mode evaluations, W
and Y forces, and Z; moments are controlled to as near-zero as practicable! The resulting n
left ajnd right contact centres define the location of the geometric roll.centre. If the motion o
plan¢ was constrained to roll about a fixed point, the sprung mass@ould be constrained
that point relative to the ground plane and not free to pivot aboutthe geometric roll centre
the heasured roll stiffness would be incorrect. With a pureyoll moment input to the ax}
with|increasing rates with jounce travel are employed, forexample, the wheel moving intq
travgl less than the opposite wheel moving into rebound affecting the location of the roll ce
roll dtiffness.
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[&C measurements, ride and roll motion can betintroduced by holding the wheel pads 1
round plane fixed vertically and displacing.the vehicle body in the Zy direction or rol
(y axis. Alternatively, motions are intreduced by holding the vehicle body fixed ang
acing the wheel pads in the Zy, direction for ride mode or principally rotating them 4§
for roll mode. In either case, for the@oll mode the suspension roll angle shall result frq
ent and the wheel pads shall rerhain planar.
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een the dependent and indéependent variables. However, there is no implication that
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bmb and/or viscous-friction within the suspension and steering systems. If linear coeffficients are
ed, it is necessapy to’select an operating point and determine a derivative at that poin{.

Dual
the p

twheel and tyre’assemblies typical of heavy trucks will be treated as a single wheel
urposes of the following measurements.

and tyre for

7.2.2 Ride track change (b,)

Rlde tracl r‘hangn, dnfinnd in ISO QQ'—'\":, is the r‘]ﬁangn in the d\'cfanrn bnf"n'rnnn t]'\n tyre contact

centres due to symmetric suspension ride displacement. Because the wheel pad lateral displacement
is not necessarily identical to the displacement of the tyre contact centre, the track change is ideally
calculated from the change in wheel centre positions and coincident inclination angles. Although track
is the distance between the left and right contact centres, it is still possible to optionally determine and
report the left and right contribution to ride track change separately.

7.2.3 Ride track change gradient (b,’)

Ride track change gradient, defined in ISO 8855, is calculated from the differential of the ride track
change as observed in ride mode. Although track is the distance between the left and right contact
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centres, it is still possible to optionally determine and report the left and right contribution to ride
track change gradient separately, see Formula (11).

d

bZ':(

where zy, 1 i

Jb
ZwW-T

|

s the displacement of the wheel centres in the Z; direction.

7.2.4 Ride steer (5,)

(11

Ride steer, defined in ISO 8855, is the change in each steer angle due to symmetric suspension ride

displacemer
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erved in ride mode, see Formula (12).

|

hended that mean ride steer gradient be determined frofmyan axle’s mean steer ang
hat determined from left and right steer angle. By design, mean ride steer gradient w
zero. Non-zero values are indicative of the axle steering'as a result of suspension heav|

do

ZW-T

al ride toe (6,g.1))

e is the change in the difference of the left §teer angle from the right steer angle obse
e. The sign of total ride toe is such that the wheels are considered “toed-in” if the for
he wheel is closer to the vehicle centreline than the wheel centre and “toed-out” if
. Toe-in is considered a positive angle; and toe-out is a negative angle.

pe gradient is calculated from the differential of total ride toe with suspension tray
ride mode, see Formula‘@ 3).

o,

de toe gradient has ramifications for tyre wear due to the change in static toe angle as a res

96 ,r-1,)

d 2yt

e ‘eamber (&y,)

Fadient, defined in ISO 8855, is calculated from the differential of ride steerwith suspepsion

(12)
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(13)

ult of

Ride camber is defined in ISO 8855. It is the change in camber angle as observed in ride mode.

7.2.9 Ride camber gradient (&y,’)

Ride camber gradient, defined in ISO 8855, is calculated from the differential of ride camber with
suspension travel as observed in ride mode, see Formula (14).

4

€yz =

|

16

d Zy_1

dey

|

(14)
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7.2.10 Ride castor (t,)

Ride castor is defined in ISO 8855. It is the change in castor angle as observed in ride mode.

7.2.11 Ride castor gradient (7,’)

Ride castor gradient, defined in ISO 8855, is calculated from the differential of ride castor with
suspension travel as observed in ride mode, see Formula (15).

rz’=( or ) (15)

0 Zy 1

7.2.12 Roll steer (6¢v )

Roll $teer, defined in ISO 8855, is the change in the left and right steer angle on an‘axle duefto roll angle
resulting from a pure Xy moment input through the tyre contact patches on afi-axle. In addition to the
roll dteer being determined for the left and right steer angle, it should also be determined for the mean
steer] angle.

7.2.13 Roll steer gradient (5(,, v, )

Roll steer gradient, defined in ISO 8855, is calculated from theydifferential of roll steer withl suspension
roll angle, where suspension roll angle is determined fromuleft and right wheel centre digplacements
in thie Z; direction result from a pure Xy moment inputthrough equal and opposite magnitude tyre
normal forces on an axle, see Formula (16).

3o = 9 (16)
v I

It is recommended that roll steer gradient be determined for an axle’s mean steer angle as well as the

left and right steer angle.

To the extent that chassis and suspension compliance can be neglected, roll steer gradient is directly
related to ride steer gradient for'independent suspensions. Steered axles with compliant steering
systems will significantly alterthe roll steer gradient due to the steering-axis torque resulting from
the rpll moment input to the suspension. For this reason, it is important to record whether [the steering
systdm was grounded @at-the steering wheel or the steering gear output. If the steering wheel is
grouphded, power assist'systems shall be energized as they significantly alter steering systgm stiffness.

7.2.14 Roll camber (£V(pv )

Roll gambefsdefined in [SO 8855, is the change in the left and right road wheel camber angle on an axle
due fo réllangle resulting from a pure Xy moment input through equal and opposite magnitude tyre
nornpalforces on an axle. In addition to the roll camber being determined for the left anf right road
wheel camber angle, it should also be determined for the mean camber angle.

7.2.15 Roll camber gradient (sv%')

Roll camber gradient, defined in ISO 8855, is calculated from the differential of roll camber with
suspension roll angle, where suspension roll angle is determined from left and right wheel centre
displacements in the Z; direction result from a pure Xy moment input through equal and opposite
magnitude tyre normal forces on an axle. Roll camber gradient is one when the camber angle increases
positively in direct proportion to the positive roll angle, see Formula (17).

, [ dey
Evpy = [ﬂ] (17)
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7.3 Compliances

7.3.1 General

Suspension compliance characteristics are typically recorded as the linear and angular motions of
the wheel centre resulting from a force in the X or Y; direction, or a moment about the Z; axis at the
tyre contact centres. Wheel pad X and Y} forces and Z; moments are controlled to as near-zero as
practicable (see Table 1) except for the intended force or moment input. Depending upon the metric, the
wheel pads are in position control to result in no change in tyre contact centre vertical position or in
force control to maintain a constant tyre vertical force.

The independent forces and moments applied to the left and right tyre contact centres are applied

in the samd

respectively.

For non-steq
and oppose
non-rigid ch
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direction or opposite directions, commonly referred to as parallel and opposéd 'thode,
Typical vehicle manoeuvres result in parallel application of X and Y forces and Z; moments.
red axles with independent suspension, compliances would typically be similar-for parallel
l mode force and moment application with any differences primarily restlting from the
assis. Steered axles, conversely, have very different parallel and opposed mode compljance
ics. With parallel inputs, the compliance of the steering system gestlts in higher| and
bre non-linear, compliance. Opposed inputs with symmetric suSpension geometry and
exhibit less compliance because the steering system experiences no additional force
that would tend to induce steer motion. Solid axles also havé.very different paralle] and
de compliance characteristics. With parallel inputs, the compliance of the lateral locpting
ts in higher compliance than with opposed inputs. Parallel’and opposed mode suspension
Ineasurements are necessary for accurate modelling of'steered and solid axles.

ht of longitudinal braking compliance should bé performed with the brakes logked.
hctive force compliance should be measured withithe drivetrain locked. However, measuring
force compliance for braking force with inbgard brakes or tractive force with independent
can result in excessive tyre rotation fromhalf-shaft and drivetrain compliance. Thig may
blems due to limited wheel pad travel. To address this, it is possible to measure compljance

| force compliance can be relevant for forces applied at the tyre contact centre and/agr the
b, In a braking or accelerating manoeuvre, how the induced torque is reacted by the vdhicle
the effective location of theforce input. The brake torque induced by outboard brakes is
he suspension and the effective longitudinal force input is at the tyre contact patch. [With

inboard br
input is at
torque isre
centre. Live
inputisatt

The compli

dcted by the sprung-mass and for that reason, the effective accelerating force is at the

ance parameters listed below are expressed as differentials to indicate the relatioy

kes, the brake torque.isTeacted by the sprung mass and the effective longitudinal force
he wheel centre, Siinilarly, a driven independent suspension utilizes half-shafts whose
heel
(i.e. driven solid) axles’ drive torque is reacted by the suspension, so that the effective force

e ground.

ship

between the¢ dependent and independent variables. However, there is no implication that any of these
relationshipscare llnear Each Cross plot of parameters will have some amount of hystere51s dpe to
Coulomb and/o ' ' ' ' are
desired, it is necessary to select an operating point and determlne a derlvatlve at that point.

7.3.2 Longitudinal force compliance, with suspension torque ( x

’
Fi )
It is the change in the left and right wheel centre position in the X direction resulting from a force in the
X-direction through the tyre contact patches on an axle. For both tyre contact patches, the z; positions

are held constant while F y; and M ,; are controlled to as near-zero as practicable. In addition to the
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longitudinal force compliance being determined for the left and right road wheel, it should also be
determined for the mean longitudinal force compliance, see Formula (18).

XF; ’_ &)EW (18)

where xyy is the displacement of the wheel centre in the X-direction.

NOTE Longitudinal force compliance metrics with the force input at the tyre contact patch are denoted as
“with suspension torque” because the suspension is required to react the moment about the Y;y axis resulting
from the longitudinal force input. This will typically be measured with locked outboard brakes or with a locked

. . 3 1: 1
der'\ TdIT aliTad o ITVC dATCY

7.3.3 Longitudinal force compliance, without suspension torque ( x wa/)

It is the change in the left and right wheel centre position in the X direction resulting from g force in the
X-dinection through the wheel centres on an axle. For both tyre contact patches, the z; positions are

held |constant while Fy and M ,; are controlled to as near-zero as practicable. In addition to the
longitudinal force compliance being determined for the left and right-toad wheel, it shpuld also be
detefmined for the mean longitudinal force compliance, see Formula¥{{19).

)'ﬁ ’ =2 ai(w [19)
XW anw

whefe xyy is the displacement of the wheel centre in the X'direction.

NOTH Longitudinal force compliance metrics with ‘the force input at the wheel centre arg denoted as
“witHout suspension torque” because the suspension-is not required to react the moment abouf the Yy, axis
resulting from the longitudinal force input. This wilktypically be measured with locked inboard brakes or with
a locked drivetrain and an independent suspension. It is also permissible to make this measurement with the
brakg¢s/drivetrain locked and the force input.at the tyre contact patches, however half-shaft windug can result in
contdct patch longitudinal displacement exc€eding the limits of the wheel pads.

7.3.4 Longitudinal force camber compliance, with suspension torque (evﬁx')

It is the change in the left afidyFight road wheel camber angle on an axle resulting from a|force in the
X-dirjection through the tyre-contact patches on an axle. For both tyre contact patches, the|z} positions

are Held constant whilé¢ZF y and M ,; are controlled to as near-zero as practicable. In addition to the
laterpl force camberbeing determined for the left and right road wheel camber angle, it shiould also be
detefmined for the.mean camber angle, see Formula (20).

, [Oey
&VFy _(EJ (20)

7.3.5 Longitudinal force camber compliance, without suspension torque (svﬁxw' )

It is the change in the left and right road wheel camber angle on an axle resulting from a force in the
X-direction through the wheel centres on an axle. For both tyre contact patches, the z} positions are

held constant while Fyand M ,; are controlled to as near-zero as practicable. In addition to the lateral
force camber being determined for the left and right road wheel camber angle, it should also be
determined for the mean camber angle, see Formula (21).

, [ Odey
I 21
EVFy ( T ] (21)
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7.3.6 Longitudinal force steer compliance, with suspension torque (6 ﬁx,)

It is the change in the left and right steer angle on an axle resulting from a force in the X-direction
through the tyre contact patches on an axle. For both tyre contact patches, the z; positions are held
constant while F yand M ,; are controlled to as near-zero as practicable. In addition to the lateral force
steer being determined for the left and right steer angle, it should also be determined for the mean

steer angle,

|

Fy

9Py

see Formula (22).

"

(22)

NOTE
position wou
deflection of
contribute to

7.3.7 Longitudinal force steer compliance, without suspension torque (6 P

It is the chg
through the
while F yq 3
being deter
angle, see F(

Fw

NOTE
position wou
deflection of
contribute to

7.3.8 Longitudinal force windup compliance, with suspension torque (TI;X

It is the cha
aforce in the
Zp positions
addition to
wheel, it s

Formula (24

Inlputting a longitudinal force at the tyre contact patch while constraining the contact patch'vej

d typically result in a change in vertical force at the contact patch. That can result in smallve
the wheel centre relative to the road surface due to suspension and tyre compliance, and po
steer angle change.

Vv')

nge in the left and right steer angle on an axle resulting from a.force in the X-dire
wheel centres on an axle. For both tyre contact patches, the zgpositions are held con

nd M ,; are controlled to as near-zero as practicable. In addition to the lateral force
mined for the left and right steer angle, it should also be“determined for the mean

rmula (23).

A

Inputting a longitudinal force at the wheel centre while constraining the contact patch ve

d typically resultin a change in vertical forc¢eat the contact patch. That could result in small ve
the wheel centre relative to the road surface due to suspension and tyre compliance, and po
steer angle change.

)
nge in the angular displacement of the wheel about the wheel-spin axis (Y;y) resulting

b X-direction through the tyre contact patches on an axle. For both tyre contact patcheg

are held constantwhile F yp and M, are controlled to as near-zero as practicab
the longitudinal-force windup compliance being determined for the left and right
hould also de-“determined for the mean longitudinal force windup compliance

).
ot

rtical
rtical
5sibly

ction
stant
steer
steer

(23)

rtical
rtical
5sibly

from
5, the
e. In
road

see

(24)

,_
AR~

) 7

|

7.3.9 Longitudinal force windup compliance, without suspension torque (7 Fy

w)
It is the change in the angular displacement of the wheel about the wheel-spin axis (Yyy) resulting from

a force in the X-direction through the wheel centres on an axle. For both tyre contact patches, the z;

positions are held constant while F ypand M, are controlled to as near-zero as practicable. In addition
to the longitudinal force windup compliance being determined for the left and right road wheel, it
should also be determined for the mean longitudinal force windup compliance, see Formula (25).

[ ot

’

(25)

T= =
Fxw
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7.3.10 Lateral force compliance at the wheel centre ( y: ')
Fyw

It is the change in the left and right wheel centre position in the Y direction resulting from a force in the
Y-direction through the tyre contact patches on an axle. For both tyre contact patches, the z} positions

are held constant while F y;and M , are controlled to as near-zero as practicable, see Formula (26).

’ ayw
yg'yW _[ aF'Y J (26)

where yyy is the displacement of the wheel centre in the Y-direction.

7.3.11 Lateral force compliance at the contact centre ( y I:.Y')

It is the change in the left and right contact centre position in the Y-direction restting frgm a force in
the Y-direction through the tyre contact patches on an axle. For both tyreccontact patches, the z;

positlions are held constant while Fy; and M ,; are controlled to as near=zero as pragticable, see

Formula (27).

’r 8_)7
Yi, = (ﬁ} (27)

whete y is the displacement at the contact centre in the Y-diréction.

The |ateral position of the contact centres shall be calculated based on the measured wheel centre
laterpl position and the change in inclination angle.

7.3.12 Lateral force camber compliance (svﬁY')

It is the change in the left and right road wheel camber angle on an axle resulting from a|force in the
Y-dirjection through the tyre contact patchés on an axle. For both tyre contact patches, the|z; positions
are Held constant while F y; and M ¢pjare controlled to as near-zero as practicable. In addition to the
laterpl force camber being determined for the left and right road wheel camber angle, it shiould also be
detefmined for the mean cambei:angle. On steered axles, both parallel and opposed mode fompliances
should be measured, see Formula (28).

[ dey
aViy _(ﬁj (28)

7.3.13 Lateral force steer compliance (6 FY’)

It is the chanhge in the left and right steer angle on an axle resulting from a force in the Y-direction
throygh the tyre contact patches on an axle. For both tyre contact patches, the ZT positipns are held
constamt-white—F XT arrd—Hf 7T al¢ comtroledtoas rear-zeroas pr acticabte—hmradditiorto the lateral
force steer being determined for the left and right steer angle, it should also be determined for the
mean steer angle. On steered axles, both parallel and opposed mode compliances should be measured.
Parallel mode compliance characteristics may be nonlinear on steered axles with power steering as a
result of nonlinear valve characteristics. In that case, both on-centre and off-centre compliances should
be quantified for the parallel mode, see Formula (29).

+ [ 9O
Oy :[gj (29)
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7.3.14 Aligning moment camber compliance (evMZ')

It is the change in the left and right road wheel camber angle on an axle resulting from a pure moment
about the Z; axis through the tyre contact patches on an axle. For both tyre contact patches, the Z;
positions are held constant while F y;and F y; are controlled to as near-zero as practicable. In addition
to the aligning moment camber being determined for the left and right road wheel camber angle, it
should also be determined for the mean camber angle. On steered axles, both parallel and opposed

mode compl

’

iances should be measured, see Formula (30).

oey

(30)

i, =

7.3.15 Alig

It is the cha

axis through the tyre contact patches on an axle. For both tyre contact patches, the zy positions arg

constant wii
moment ste

M7 )

ning moment steer compliance (6 Mz, )

hge in the left and right steer angle on an axle resulting from a pure morfient about t

ile Fyrand F yp are controlled to as near-zero as practicable. In addition to the alig

he Zt
held

ning

er being determined for the left and right steer angle, it should als©’be determined for the

mean steer angle. On steered axles, both parallel and opposed mode compliances should be measfired.
Parallel moge compliance characteristics can be significantly nonlineaf,on steered axles with ppwer
steering as|a result of nonlinear valve characteristics. In that casé, both on-centre and off-c¢ntre
complianceg should be quantified for the parallel mode, see Formula{31).

8y = g (31)
7.4 Ride pnd roll stiffness
7.4.1 General

The rate and
between thd
relationship
Coulomb an
desired, it ig

Special conj
and for axle

fluid pressulre transferfacross an axle as a result of roll angle are limited by the short duration d

manoeuvre.
height contj
measureme

e dependent and independentwariables. However, there is no implication that any of {
s are linear. Each cross_plot of parameters will have some amount of hysteresis d
d/or viscous friction of the suspension and steering systems. If linear coefficient
necessary to decide‘upon an operating point and determine a derivative at that point.

ideration should:be taken for axles with inter-connected pneumatic or hydraulic spj
s with ride height control valves. During a dynamic cornering event, the effects of sj

During.a.yide or pitching event, the effects of spring pressure change as a result of g
ol valve are similarly limited by the short duration of the event. During quasi-static
hts; inter-axle pressure transfer and ride height control valve pressure adjustments

a drastic eff|

stiffness parameters listed below are expressed as differentials to indicate the relatiopship

hese
e to
5 are

ings,
bring
f the
ride
K&C
have

ect'on measurements. The pressure supply to the springs or accumulators may need

to be

blocked with a manual valve after establishing the operational trim of the vehicle. Any modification
that is necessary for the K&C test shall be described and included with the results.

7.4.2 Ride rate (K;)

Ride rate, defined in ISO 8855, is the rate of change of the force in the Z;-direction into the tyre contact
patch with respect to the change in the left and right tyre contact centre or wheel pad z-position. For

both tyre contact patches, the z-positions are position-controlled while Fyp, Fyp and M, are
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controlled to as near-zero as practicable. In addition to the ride rate being determined for the left and
right road wheel, it should also be determined for the mean ride rate, see Formula (32).

)

where z; is the displacement of the tyre contact centre in the Z-direction.

d zq

K;= (32)

NOTE Ideally, the ride rate measurement is conducted in force control such that only the original static roll
moment is applied to the axle. However, typically the wheel pads are in displacement control such that the left
and right wheel pads experience equal vertical displacement. In most cases, this is not a concern unless there is a

verti
occul

7.4.3

Susp
tyre
tyre
to as
right

whet

11 pa N £ dlat £lo lofe < relad : a N faad i 1 1
ar TOaU T aIrSTCT TCU DT TVW ETIT IO TCT U AITO TTEITC S U S PUITSTOTTS VW ITIT S Y THITITCTT TV ET TIC AT UTS PTAat TIT

, for example, in suspensions with interconnected air springs.

Suspension ride rate (Kzx)

ension ride rate, defined in ISO 8855, is the rate of change of the force imthe Z;-direc
contact patch with respect to the change in the left and right wheel cehtre z,,-positi

contact patches, the z; positions are position-controlled while F y\F yr, and M 5y ar
near-zero as practicable. In addition to the suspension ride rate being determined for

dzy_t -cos(ey)

o

ent. This can

Fion into the
bn. For both
e controlled
the left and

road wheel, it should also be determined for the mean suspension ride rate, see Formiila (33).

(33)

e zyy.r is the displacement of the wheel centres in the Z-direction. Also, see NOTE in 7}4.2

7.4.4 Roll stiffness (K oy )
Roll stiffness, defined in ISO 8855, is calculated from the differential of vehicle roll moment with
roll dngle, where roll angle is determined from left and right contact centre displacemenits in the Z.
diregtion resulting from a pure Xy moinent input through equal and opposite magnitude fyre normal
forcgs on an axle. The left and right tytre contact patches on each axle shall remain in the|same plane,
see Hormula (34).
oM
Koy =| == (34)
Iy
whette roll moment is-determined from Formula (35):
My = b-(Ffr) — Fzrq1,)) (34)
and 1oll angle may be determined from Formula (35):
180 /m
ov=— —[Z1®) = Z101)) (35)

7.4.5 Suspension roll stiffness ( K ok )

Suspension roll stiffness, defined in ISO 8855, is calculated from the differential of vehicle roll moment
with suspension roll angle, where suspension roll angle is determined from left and right wheel centre
displacements in the Z} direction resulting from a pure Xy moment input through equal and opposite
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magnitude tyre normal forces on an axle. The left and right tyre contact patches on each axle shall
remain in the same plane, see Formula (36).

K‘PK -

|

Dl

ok

|

where suspension roll angle may be determined from Formula (37):

Pk

_180/m

[ 2wy cos(eviry ) - 2w -cos(evqyy )

(36)

(37)

7.4.6 Auxliliary roll stiffness ( K

It is the dif
results fronf

K @y ,aux

where K, 7

Formulae (3

@y ,aux )

ference in the measured roll stiffness for an axle and the roll stiffness contribrtion]
the factors that produce ride rate, see Formula (38).

=Koy ~Koyz

is the roll stiffness contribution resulting from only the factors that produce ride ratg
9) and (40).

For indd

1
For solidl axles: K(va =E~ K, . s2

where b is tl

7.4.7 Auxiliary suspension roll stiffness ( K

Itis the diffd
that results

K Qg Aux

where K ok

suspension

For indd

pendent suspensions: K, 7= % Ky - b?

ne track and s is the spacing between the spring centres in the Yy, direction.

QK »aux )

rence in the measured suspensjonroll stiffness for an axle and the roll stiffness contrib
from the factors that producésuspension ride rate, see Formula (41).

=Koy ~Kpyz

; is the suspensionroll stiffness contribution resulting from only the factors that prq
Fide rate, see Fermulae (42) and (43).

1

pendent'suspensions: K(pKZ = 5 Kk - b?

For solidaxles: K

1

that

(38)

b, see

(39)

(40)

1tion

(41)

duce

(42)

‘o]

K
TLRK

(43)

Pl

where b is the track and s is the spacing between the spring centres in the Yy, direction.

7.4.8 Vertical displacement tandem axle load redistribution stiffness (K,)

It is the rate of redistribution of total axle load from one axle of a tandem to the other with respect to
equal and opposite axle tyre contact centre displacement in the Z-direction, see Formula (44).

’

Ktz ={

NOTE

24

9 Fyrr)

|

9 Z(pR)

The forces and displacements are measured and imparted from the wheel pad.
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7.4.9 Vertical suspension displacement tandem axle load redistribution stiffness (K, )

It is the rate of redistribution of total axle load from one axle of a tandem to the other with respect to

equal and opposite axle wheel centre displacement in the Z;-direction, see Formula (45).
, [ IFyeR)
Kk =| ——— (45)
ZW(F-R)
NOTE The forces are measured and imparted from the wheel pad. The displacements are measured from

the wheel centre.

7.4.10 Tandem axle twist stiffness (K,)

It is the combined roll stiffness (K,) of a tandem axle pair with the roll angle of each)axle ¢
equall and opposite values. The roll angle is determined from left and right contact‘centre di

in th

nornmpal forces on an axle. The left and right tyre contact patches on each axle shall remain

p Zp direction resulting from a pure Xy moment input through equal and opposite ma

ontrolled to
splacements
rnitude tyre
in the same

plan¢. The signs of roll moment and roll angle are such that subtracting-those of the rear axle from
those of the front axle results in a summation of magnitudes, see Formula{46).
d Myg.
Ko = 7 TX(ER) (46)
IP(F-R)
7.4.11 Tandem axle suspension twist stiffness (K )

Itis 1

of ea
and 1

equal and opposite magnitude tyre normal:forces on an axle. The left and right tyre contac
axle shall remain in the same plane:The signs of roll moment and suspension roll anjgle are such

each
that
see H

~—

7.4.1

Defined in ISO 8855, the left and right tyre normal stiffness can be determined from left aj

rate

1/

he combined suspension roll stiffness (K<PK ) ofiatandem axle pair with the suspensi

ch axle controlled to equal and opposite values. The suspension roll angle is determin
ight wheel centre displacements in the Z; direction resulting from a pure Xy moment in

subtracting those of the rear axle-from those of the front axle results in a summation of

ormula (47).

(9 My
P dokrr)

2 Tyre normalstiffness (K1)

hnd suspension ride rate measurements as in Formula (48):

L Kok Ky
(z1

bn roll angle

ed from left
put through
t patches on

magnitudes,

(47)

1d right ride

(48)

) Koo+ K,

7.5

Force reactions

7.5.1 Anti-squat and anti-dive force gradient (F'Z I;.X')

The change in F ;7 resulting from a pure F y; force. Anti-squat and anti-dive force gradient can be
calculated from data measured during the longitudinal force compliance test if F ;1 is recorded. The
contact centre z positions are position-controlled and F y and M ;. are controlled to as near-zero as
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practicable. According to this sign convention, anti-squat force reaction will have a positive gradient
and anti-dive force reaction will have a negative gradient, see Formula (49).

F, ZFy

y

|

7.5.2 Jacking force gradient (F'Z FY/)

(49)

It is the change in F ,; resulting from a pure F  force. Jacking force gradient can be calculated from
data measured during the lateral force compliance test if F ,; is recorded. The contact centre z;

positions arj

Formula (5(

= ’
FZﬁY -

7.5.3 Longitudinal force tandem axle load redistribution gradient (

It is the red
longitudina

~

WDtF"XT

8 Datap

8.1 Steern

Steering rat
the steering
characterist

Figure 3. Ac

e position-controlled and F y and M ,; are controlled to as near-zero as practicablg

. J

WDtF"XT )

istribution of total axle load from one axle of a tandem to the other with respect

wheel angle measured at the hand wheel, as shown in Figure 2. The steering ratid
ic model(s) shall be presented as a function of steering hand wheel angle, as sho
kerman error and turning.radius may also be presented, as shown in Figure 4.

force in the X;-direction imparted equally to all tyres in thetandem, see Formula (51).
| 9FzrR)

resentation

ing ratio

o data may be presented as a plgt of the steering angle measured at each road wheel v{

, see

(50)

to a

(51)
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Figure2— Left and right steer angle versus steering-wheel angle
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