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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 1SO
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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ta

of technical committees is to prepare International Standards Draft International Standards

adopted by
International §

Attention is d
rights. ISO sh|

ISO 8855 wa
dynamics ang

This second
revised. It als

he technical committees are circulated to the member bodies for voting. Publication jas an
btandard requires approval by at least 75 % of the member bodies casting a vote.

awn to the possibility that some of the elements of this document may be the subject of patent
all not be held responsible for identifying any or all such patent rights.

5 prepared by Technical Committee ISO/TC 22, Road vehicles, Subcammittee SC 9, Vehicle
road-holding ability.

edition cancels and replaces the first edition (ISO 8855:1991), (which has been techpically
b incorporates the Addendum ISO 8855:1991/Add.1:1992.
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Introduction

This International Standard defines terms appertaining to road vehicle dynamics, principally for use by design,
simulation and development engineers in the automotive industries. This second edition has been prepared in
response to a requirement to update the first, and to harmonize its contents with that of the comparable
standard published by SAE International (SAE J670:JAN2008). This revision extends the scope to include
provision for separate tyre and wheel axis systems, inclined and non-uniform road surfaces, tyre forces and
moments, multiple unit commercial vehicles, and two-axle vehicles possessed of four-wheel steer geometry.

The vocabulary contained in this International Standard has been developed from the previous edition, and
SAE J670, in order to facilitate accurate and unambiguous communication of the terms and definitions
emplay 1 - i ot € Horeh erth and rotational
dynamics of road vehicles.

© 1SO 2011 — All rights reserved Vv
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INTERNATIONAL STANDARD ISO 8855:2011(E)

Road vehicles — Vehicle dynamics and road-holding ability —
Vocabulary

1 Scope

This Ipternational Standard defines the principal terms used for road vehicle dynamics. (Fhe terms apply to
passenger cars, buses and commercial vehicles with one or more steered axles, and to multi-unit vehicle
combinations.

2 is system

2.1
reference frame
geometric environment in which all points remain fixed with respectto’each other at all times

2.2
inertjal reference frame
Newtgnian reference frame

refergnce frame (2.1) that is assumed to have zerq linear and angular acceleration and zero angular velocity

NOTE| In Newtonian physics, the Earth is assumed te,be an inertial reference frame.

23
axis system
set of three orthogonal directions associated with X, Y and Z axes

NOTE| A right-handed axis system is“assumed throughout this International Standard, where: Z = X xY .

24
coordinate system
numbering convention. 'used to assign a unique ordered trio (x, y, z) of values to each point in a reference
frame (2.1), and which,consists of an axis system (2.3) plus an origin point

2.5

ground plane
horiz%:nal plane in the inertial reference frame (2.2), normal to the gravitational vector

2.6
road surface
surface supporting the tyre and providing friction necessary to generate shear forces in the road plane (2.7)

NOTE The surface may be flat, curved, undulated or of other shape.

2.7
road plane
plane representing the road surface (2.6) within the tyre contact patch

NOTE 1  For an uneven road, a different road plane may exist at each tyre contact patch.

NOTE 2 For a planar road surface, the road plane is coincident with the road surface. For road surfaces with surface
contours having a wavelength similar to or less than the size of the tyre contact patch, as in the case of many ride events,

© 1SO 2011 — All rights reserved 1
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it is intended that an equivalent road plane be determined. Determination of the equivalent road plane is dependent on the
requirements of the analysis being performed. The equivalent road plane may not be coincident with the actual road

surface at the contact centre (4.1.4).

2.71

road plane elevation angle

A

angle from the normal projection of the X7 axis on to the ground plane (2.5) to the X7 axis

2.7.2
road plane camber angle

n
angle from the¢ normal projection of the Y7 axis on to the ground plane (2.5) to the Y5 axis

2.8
earth-fixed|axis system

axis system
ground plan

NOTE Theo

2.9

2.3) fixed in the inertial reference frame (2.2), in which the Xg and Yg ax€s-are parallel
I (2.5), and the Zg axis points upward and is aligned with the gravitational vector
i

entation of the X; and Y axes is arbitrary and is intended to be based on the héeds of the analysis

earth-fixed|coordinate system

(*E» VE: ZE)
coordinate
ground plan

ystem (2.4) based on the earth-fixed axis system (2.8) with an origin that is fixed
(2.5)

NOTE The lofation of the origin is generally an arbitrary point defined by the user.

2.10

vehicle axis system

axis system

substantially horizontal and forwards (with the vehicle at rest), and is parallel to the vehicle's longitudinal

of symmetry,

left with the Z,

See Figure 1

NOTE1 For
(see Figure 2).

NOTE 2

2.3) fixed in the reference frame (2.1) of the vehicle sprung mass (4.12), so that the X,

and the 1y, axis is perpendicular to the vehicle's longitudinal plane of symmetry and points
axis pointing upward

The] symbolic notafion (X, 4, Yy 4, Zy 1), (Xy 2, Yy, Zy o), - (X, Yy, Zy,,) May be assigned to the

axis systems of a multi-urit'combination with » vehicle units'(3.1).

2.1

vehicle cogrdinate system

(VA AVE-V),

to the

br test.

in the

aXis is
plane
to the

multi-unit combinations” a separate vehicle axis system may be defined for each vehicle unit (3.1)

vehicle

coordinate system (2.4) based on the vehicle axis system (2.10) with the origin located at the vehicle
reference point (2.12)

2.12

vehicle reference point

point fixed in

the vehicle sprung mass (4.12)

NOTE The vehicle reference point may be defined in a variety of locations, based on the needs of the analysis or test.
Commonly used locations include the total vehicle centre of gravity, the sprung mass centre of gravity, the mid-wheelbase
(4.2) point at the height of the centre of gravity, and the centre of the front axle. For multi-unit combinations, a vehicle

reference poin

t may be defined for each vehicle unit (3.1).
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213

intermediate axis system

(X, Y, 2)

axis system (2.3) whose X and Y axes are parallel to the ground plane (2.5), with the X axis aligned with the
vertical projection of the X, axis on to the ground plane (2.5)

See Figure 1.
NOTE 1  For multi-unit combinations, a separate intermediate axis system may be defined for each vehicle unit (3.1).

NOTE 2 The intermediate axis system is used to facilitate the definition of angular orientation terms and the
components of force, moment, and motion vectors. An intermediate coordinate system is not defined herein.

ZV\

Key

-
<

Ehicle reference point
2 gfound plane
Figure 1 — Vehicle-and intermediate axis systems

Figure 2 — Multi-unit axis systems

© 1SO 2011 — All rights reserved 3
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2.14

tyre axis system

axis system (2.3) whose X7 and Y axes are parallel to the local road plane (2.7), with the Z; axis normal to
the local road plane, where the orientation of the Xt axis is defined by the intersection of the wheel plane
(4.1) and the road plane, and the positive Z; axis points upward

NOTE A local tyre axis system may be defined at each wheel (see Figure 3).

tyre coordinate system

2.15

12 y1, 27)
coordinate
(4.1.4)

2.16

wheel axis

axis system

stem (<. ased on the tyre axis system (z. wi e origin tixed a € contact ¢entre

system

2.3) whose X,y and Z, axes are parallel to the wheel plane (4.1), whoge, 1}, axis is parallel to

the wheel-splin axis (4.1.1), and whose X,y axis is parallel to the local road plane (2.7), and whefe the

positive Z, a

NOTE A loca

Key

1 wheel plape

2 road plang

3  wheel-spinaxis

2.17

is points upward

wheel axis system may be defined for each wheel (see Figure 3).

Figure 3 — Tyre and wheel axis system

wheel coordinate system

(Cowys Y 2w)

coordinate system (2.4) based on the wheel axis system (2.16) with the origin fixed at the wheel centre

(4.1.2)

© 1SO 2011 — All rights reserved
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2.18

ISO 8

cab axis system
(X, Yoo Z¢)

axis system (2.3) fixed in the reference frame (2.1) of the cab sprung mass, so that the X axis is
substantially horizontal and forwards (with the vehicle at rest), and is parallel to the vehicle’s longitudinal plane
of symmetry, and where the Y axis is perpendicular to the cab’s longitudinal plane of symmetry and points to
the left with the Z axis pointing upward

NOTE

2.19

A cab axis system applies only to vehicles with a suspended cab only.

cab coordinate system

855:2011(E)

(xcry !ZC)
coordinate system (2.4) based on the cab axis system (2.18) with the origin fixed at 'an
defingd by the user

3 Vehicle unit

31

vehigle unit

rigid (i.e. non-articulating) vehicle element operating alone or in combination with one or mg
elemgnts joined at yaw-articulation joints

NOTE| Tractor, semi trailer (3.2.2) and dolly (3.2.4) are examples.of vehicle units. A drawbar trailer (3
of morg than one vehicle unit.

3.2

trailer

vehicje unit (3.1) or combination of multiple vehiele units that is towed by another vehicle un
disconnected from its towing vehicle unit

NOTE| A trailer may have a single axle or multiple axles positioned along its length.

3.2.1

full trailer

trailer (3.2) that has both front and-rear running gear and, hence, provides fully its own vertical s
3.2.2

semi| trailer

trailer (3.2) that has only rear running gear and hence depends on its towing vehicle un
substantial part of its“vertical support

NOTE| A semivrailer is typically coupled to the towing vehicle unit using a fifth-wheel coupling (3.2.6).

3.2.

centre-axle trailer

brbitrary point

re other rigid

2) may consist

it and can be

upport

it (3.1) for a

trailer (3.2) with only rear running gear located only slightly aft of the nominal position of the centre of gravity

of the
NOTE

3.2.4
dolly

unit

A centre-axle trailer is typically coupled to the towing unit with a hitch coupling (3.2.7).

portion of a full trailer (3.2.1) that includes the steerable front running gear and tow bar

3.2.5

converter dolly
dolly (3.2.4) unit that couples to a semi trailer (3.2.2) with a fifth-wheel coupling (3.2.6) and thereby
“converts” the semi trailer to a full trailer (3.2.1)

© 1SO 2011 — All rights reserved
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3.2.6

fifth-wheel coupling

device used to connect a semi trailer (3.2.2) to its towing vehicle unit (3.1) that is designed to bear the very
substantial vertical load imposed by the front of the semi trailer

NOTE A fifth-wheel coupling provides rotational degrees of freedom in the ¥, and Z,, directions, but transmits moments
about the X,, axis (all axes are in the towing vehicle unit).

3.2.7
hitch coupling

device used to connect a trailer (3.2) or converter dolly (3.2.5) tow bar to its towing vehicle unit (3.1), which
approximates a spherical joint by providing three rotational degrees of freedom within the normal operating
range

NOTE Typicgl examples of hitch couplings include ball hitches and pintle hitches.

4 Vehiclg geometry and masses

4.1
wheel plang
plane normal o the wheel-spin axis (4.1.1), which is located halfway between the'rim flanges

411
wheel-spin|axis
axis of wheel fotation

NOTE This akis is coincident with the Y, axis.

4.1.2
wheel centre
point at which the wheel-spin axis (4.1.1) intersects the-wheel plane (4.1)

NOTE This ppint is the origin of the wheel coordinate.system (2.17).

4.1.3
contact line
intersection of the wheel plane (4.1) ahd)the road plane (2.7)

4.1.4
contact centre
intersection of the contact line’(4.1.3) and the normal projection of the wheel-spin axis (4.1.1) on to th¢ road
plane (2.7)

NOTE This ppint is the-origin of the tyre coordinate system (2.15). The contact centre may not be the geometric|centre
of the tyre confact patch (4.1.5) due to distortion of the tyre produced by external forces.

4.1.5
contact patch

footprint

portion of the tyre touching the road surface (2.6)

4.2

wheelbase

/

distance between the contact centres (4.1.4) on the same side of the vehicle, measured parallel to the X
axis, with the vehicle at rest on a horizontal surface, with zero steer angle (7.1.1)

NOTE 1 A vehicle may have a different wheelbase on the left and right sides by design. It is common practice to

average the left and right wheelbases; however, the difference may need to be taken into account in performing some
analyses. The wheelbase typically changes as the suspension trim height changes.

6 © 1SO 2011 — All rights reserved
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NOTE 2 This applies to two-axle vehicles only. 1ISO 21308-2:2006, 6.1, defines the “configuration wheelbase”, for
multi-axle vehicles, as the distance between the centre of the first front axle to the centre of the first driven rear axle. This
term is a dimensional description and is not used in dynamic analysis.

4.3
equivalent wheelbase
le

q
wheelbase (4.2) of a conventional two-axle vehicle (i.e. a vehicle with one steering front axle and one non-
steering rear axle) which, given similar front and rear cornering compliance properties, would exhibit the same
steady state (12.2.1) turning behaviour as is exhibited by the multi-axle vehicle

1
Y
[N
TN

IR
| \

Key
1 tyrn centre
Figure 4 — Equivalent wheelbase

4.4
track
b
distance between the-contact centres (4.1.4), on a single wheel axle, measured parallel to the Y axis, with
the vehicle at rest on ahorizontal surface

NOTE| For dual" wheel axles, it is the distance between the points centrally located between the contac| centres of the
inner gnd outer-dual wheels.

4.5
articulationpoint
instant centre of rotation of two vehicle units (3.1) established by the mechanical coupling device joining
those two units, typically on the plane of symmetry of both units

NOTE 1  An articulation point may establish one, two, or three degrees of rotational freedom between the two coupled
units.

NOTE 2 For semi trailers (3.2.2), the longitudinal (X) coordinate of the articulation point is equal to the fifth-wheel
position (4.9). For full trailers (3.2.1), the longitudinal (X) coordinate of the articulation point is equal to the hitch
position (4.10). For vehicle combinations with more than one trailer (3.2), several articulation points may exist.

© 1SO 2011 — All rights reserved 7
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4.6
axle distan

ce

average longitudinal distance between the contact centres (4.1.4), on two consecutive axles, measured

parallel to the

4.7

X axis, with the vehicle at rest on a horizontal surface, at zero steer angle (7.1.1)

axle position
average longitudinal distance between the vehicle reference point (2.12) and the contact centres (4.1.4) of
the axle, measured parallel to the X axis, with the vehicle combination at rest on a horizontal surface at zero
steer angle (7.1.1)

4.8

trailer-axle
average long
projection of
combination &

NOTE Trailen

4.9

fifth-wheel
kingpin positid
average long
vehicle unit
vehicle comb

NOTE Applic

4.10

hitch posit
average long
vehicle unit
vehicle comb

NOTE Applic

4.11

position

tudinal distance between the contact centres (4.1.4) of the trailer (3.2) axle andcthe v
he articulation point (4.5) (of the first trailer) on to the ground plane (2.5), with the V
t rest on a horizontal surface in a straight-ahead condition

s may consist of more than one axle and/or articulation points.

position

n

tudinal distance between the contact centres (4.1.4) of the {irst driven rear axle of the
3.1) and the projection of the articulation point (4.5) on 10 the ground plane (2.5), w
hation at rest on a horizontal surface in a straight-ahead condition

hble to semi trailers (3.2.2) only.

on
tudinal distance between the contact centres (4.1.4) of the first driven rear axle of the
3.1) and the projection of the articulation point (4.5) on to the ground plane (2.5), w
nation at rest on a horizontal surface.if a straight-ahead condition

bble to full trailers (3.2.1) only.

unsprung mass

mass that is n

4.12

ot carried by the suspension, but is supported directly by the tyres

sprung mass

mass that is s

NOTE It is cd
sprung mass a

upported by the suspension, i.e. the total vehicle mass less the unsprung mass (4.11)

mmon practice to allocate a portion of the mass of the suspension linkage, driveshafts and springs
nd the ‘remainder in the unsprung mass.

ertical
ehicle

owing
th the

owing
th the

in the

5 Vehicle motion variables

5.1

Linear motion variables

For the definitions in this subclause, velocity and acceleration are relative to the earth-fixed axis system
(2.8) (Xg, Yg, Zg). They are resolved into components in the intermediate axis system (2.13) (X, ¥, Z).

NOTE

It is also possible to resolve velocity and acceleration vectors into components in other axis systems (2.3). For

example, velocity and acceleration vectors may be resolved in the vehicle axis system (2.10) (X, Yy, Z,/) to produce vy,
v Vzy and Axyr Ayyr dzy-

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=9e3b62861024f740cc86f394f86dd1cb

ISO 8855:2011(E)

5.1.1

vehicle velocity

v

vector quantity expressing the velocity of the vehicle reference point (2.12)

5.1.2

longitudinal velocity

Vx

component of the vehicle velocity (5.1.1) in the direction of the X axis

513

lateral-velocity
vy
compénent of the vehicle velocity (5.1.1) in the direction of the Y axis

5.1.4
vertical velocity
vz
component of the vehicle velocity (5.1.1) in the direction of the Z axis

5.1.

horizontal velocity

Vh

resultant of the longitudinal velocity (5.1.2) and the lateral velocity (5.1.3)

5.1.6
tyre trajectory velocity
VT
vectorl quantity expressing the velocity of the contacfcentre (4.1.4)

5.1.7
tyre |jongitudinal velocity
VXT
compopnent of the tyre trajectory velocity (5.1.6) in the X7 direction

5.1.8
tyre |ateral velocity
VyT
component of the tyre trajectory velocity (5.1.6) in the Y7 direction

5.1.
tyre vertical velocity

vzT

component.ofiihie tyre trajectory velocity (5.1.6) in the Zt direction

51.1

vehicle acceleration

a

vector quantity expressing the acceleration of the vehicle reference point (2.12)

5.1.11

longitudinal acceleration

ax

component of the vehicle acceleration (5.1.10) in the direction of the X axis

5.1.12

lateral acceleration

dy

component of the vehicle acceleration (5.1.10) in the direction of the Y axis

© 1SO 2011 — All rights reserved 9
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5.1.13

vertical acceleration

az

component of the vehicle acceleration (5.1.10) in the direction of the Z axis

5.1.14

tangential acceleration

at

component of the vehicle acceleration (5.1.10) in the direction of the horizontal velocity (5.1.5)

5.1.15
centripetal
ZjC
component o
velocity (5.1.

5.1.16

acceleration

the vehicle acceleration (5.1.10) in the direction of the horizontal normal to the-herij
D)

horizontal acceleration

ah
resultant of th

e longitudinal acceleration (5.1.11) and the lateral acceleration (§:1.12), or the resul

the tangential acceleration (5.1.14) and the centripal acceleration (5.1.15)

5.2 Angular motion variables

For the defin
accordance W
axis system
Y, Z).

NOTE ltis a

(2.3). For exan
Z,) to produce

5.2.1
yaw angle

174
angle from th

5.2.2

pitch angle
7

angle from th

NOTE The p
surface has a n

rontal

ant of

tions in this subclause, the sign of angles resulting from angular rotations is determimned in

ith the right-hand rule and angular velocities and accelerations are relative to the earth
2.8) (X, Yg, Zg); they are resolved into components.in the intermediate axis system (2.

-fixed
3) (X,

S0 possible to resolve angular velocity and acceleration vectors into components in other axis systems

ple, angular velocity and acceleration vectors:may be resolved in the vehicle axis system (2.10) (
va' va' wZv and Dyy,Oyy,Dzy-

e X axis to the X axis, aboutthe Z axis

e X axis to thedXy, axis, about the Y axis

tch anglé.is’not measured relative to the road surface (2.6), thus a vehicle at rest on an incling
on-zere.pitch angle.

5.2.3

Xy, Yy,

d road

roll angle

»
angle from the Y axis to the Yy, axis, about the X, axis

NOTE These three angles; v, 6, ¢ are called the Vehicle Euler Angles. They define the orientation of the vehicle axis
system (2.10) (X, Yy, Z,) with respect to the earth-fixed axis system (2.8) (X, Y, Z), as a sequence of consecutive
angular rotations as defined in Table 1.

10
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Table 1 — Euler rotations

Rotation order Angle proc_iuced Rotation nature
by rotation

. . Xg axis to the X axis
First rotation Yaw, about the Zg axis

Second rotation Pitch, 6 Xaxis to the Xy axis
about the Y axis

. . Y axis to the Yy, axis
Third rotation Roll, ¢ about the Y, axis

5.2.41
vehigle roll angle

4
anglefrom the Y axis to the Yy, axis, about the X axis

NOTE| This angle is different from roll angle (5.2.3), ¢, if the pitch angle (5.2.2), 6, is' not zero. The vehicle roll angle
may be computed using the equation sing, = sing cosé. The vehicle roll angle is riot measured relative to the road
surfade (2.6); thus, a vehicle at rest on an inclined road surface has a non-zero vehicle roll angle.

5.2.5
suspgension roll angle

angleffrom a line joining the wheel centres (4.1.2) of an axlg,to the X,-Yy, plane

5.2.
cab pitch angle
&
angle[from the X axis to the X axis, about the ¥s-axis

5.2.7
cab roll angle

%c
angle [from the Y axis to the Y axis)about the X axis

5.2.8
sideglip angle
angle|from the X axis t6-the vertical projection of the velocity vector of the point on to the ground plane (2.5),
about|the Z axis, at,a'given point on the vehicle

5.2.9
vehigle sideslip angle

B
angle|ffem the X axis to the vertical projection of the vehicle velocity (5.1.1) on to the ground plane (2.5),
about the Z-axis

NOTE Vehicle sideslip angle may be calculated from the longitudinal velocity (5.1.2) vy and the lateral velocity (5.1.3)
vy as given by:

B= arctan X (1)
vy

5.2.10

tangent point
point on the X axis whose sideslip angle (5.2.8) is zero

© 1SO 2011 — Al rights reserved 11
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5.2.11
axle slip angle
’ a’r
sideslip angle (5.2.8) at the centre of an axle minus the mean kinematic steer angle (7.1.4) for the axle

NOTE The symbolic notation «, ¢ applies to two-axle vehicles. For multi-axle vehicles the notation ¢, ,.... o may be
assigned to a vehicle with K axles.

5.2.12
slip angle
tyre slip angle

o

angle from thep X7 axis to the normal projection of the tyre trajectory velocity (5.1.6) vector on to the[X7-Y+
plane

Key
1 instantaneous centre of rotation
2 centre of gravity
3  tangent point
Figure 5 — Slip angles for a single track two-axle model

NOTE 1  The following angles are shown positive: vehicle sideslip angle (5.2.9), 5, front steer angle (7.1.1), ¢, and
sideslip angle (5.2.8) at the front axle, ; the following angles are shown negative: front axle slip angle (5.2.11), o, rear

steer angle, 4, sideslip angle at the rear axle, 3, and rear axle slip angle, «.
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NOTE 2 In the single track model, the axle slip angle, ¢, «, is equivalent to the tyre slip angle, . Strict adherence to
the ISO coordinate system dictates that these angles are negative for positive lateral forces (6.1.3); however, the
association of positive lateral forces with positive tyre slip angles is in common use.

5.2.13

yaw articulation angle

Ay,

angle from the Xy, axis of the trailing vehicle unit (3.1) (with index n+1) to the normal projection of the X, axis
of the towing vehicle unit (with index ») on to the trailing unit's X\,-¥y, plane, about the Z,, axis of the trailing
vehicle unit

NOTE The polarity is determined in the trailing vehicle unit axis system.

5.2.1|4

pitch articulation angle
AG
angle from the X,, axis of the trailing vehicle unit (3.1) (with index »n+1) to the normal.projection [of the X,, axis
of the| towing vehicle unit (with index ») on to the trailing unit's X\,-Z,, plane, about(the Y, axis|of the trailing
vehicle unit

NOTE| The polarity is determined in the trailing vehicle unit axis system.

5.2.1
roll grticulation angle
Ag,
anglefrom the Yy, axis of the trailing vehicle unit (3.1) (with index n+1) to the normal projection |of the Y, axis
of the| towing vehicle unit (with index ») on to the trailing unit's ¥,,-Z,, plane, about the Xy axis|of the trailing
vehicle unit

NOTE| The polarity is determined in the trailing vehicle unit-axis system.

5.2.16
vehig¢le angular velocity
@
vectol| quantity expressing the angular velocity of the vehicle axis system (2.10)

5.2.17
roll velocity

Z component of the vehicle angular velocity (5.2.16)

5.2.20

wheel-spin velocity

Qv

angular velocity of the wheel about the Y,y axis

5.2.21

reference wheel-spin velocity

Dwo

wheel-spin velocity (5.2.20) of the straight free-rolling tyre (10.1.1) at a given set of operating conditions
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5.2.22

vehicle angular acceleration

0]
vector quantit

5.2.23

y expressing the angular acceleration of the vehicle axis system (2.10)

roll acceleration

wx
X component

5.2.24

of the vehicle angular acceleration (5.2.22)

pitch acceleration

Wy

Y component pf the vehicle angular acceleration (5.2.22)

5.2.25

yaw acceleration

Wz
Z component

pof the vehicle angular acceleration (5.2.22)

5.3 Terms relating to vehicle trajectory measures

5.3.1
vehicle traj
path of a sele

NOTE Thisp
5.3.2

vehicle pat
vertical projed

5.3.3

path radiug

Rp
instantaneous

ectory
Cted point on the vehicle in the earth-fixed coordinate system (2.9)

bint is usually the vehicle reference point (2.12).

h
tion of the vehicle trajectory (5.3.1) on to.the ground plane (2.5)

radius of curvature of the vehicle path (5.3.2)

NOTE The path radius is calculated using-Formula (2):

RP = m
ae
5.3.4
vehicle mo

R
distance betw

tion radius

eén the projection of the centre of gravity on to the ground plane (2.5) and the instanta

()

neous

centre of rotation

NOTE1 The

14
R=-N
Wz

NOTE 2 For

14

vehicle motion radius is calculated using Formula (3):

steady state (12.2.1) cornering conditions, R = Rp

®)
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curvature
ure of trajectory

inverse of path radius (5.3.3)

NOTE

The path curvature is calculated using Formula (4):

(4)

5.3.6
cou:'le angle

6 Horces and moments

For th
syste

NOTE

examp
Fy, an

6.1

6.1.1

vehig¢le force

F
vecton
action

6.1.2

longitudinal force

Fy
comp

between the projection of the vehicle velocity (5.1.1) on to the ground plane (2.5) and th

Formula (5):

=y+p

m (2.13) (X, Y, Z).

le, force and moment vectors may be resolved in the vehicle axis system (2.10) (X, Yy, Z,) to pr
¢ MXV’ MYV’ MZv‘

Forces

quantity expressing the'sum of the external forces acting on the vehicle at any instant,
passing through the vehicle reference point (2.12)

bnent of the) vehicle force (6.1.1) in the direction of the X axis

6.1.

laterplforce

e Xg axis

The course angle can be computed from the yaw angle (5.2.1), v, and the vehicle-sideslip angle (5.2.9), S,

®)

e definitions in this clause, forces and moments are resolved into components in the intefmediate axis

It is also possible to resolve force and moment vectors into components in other axis systems (2.3). For

bduce Fy,,, Fyy,

ith its line of

Fy

component of the vehicle force (6.1.1) in the direction of the Y axis

6.1.4

vertical force

Fz

component of the vehicle force (6.1.1) in the direction of the Z axis

© 1SO 2011 — All rights reserved
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6.2 Moments

6.2.1

vehicle moment

M

vector quantity expressing the sum of the external moments acting on the vehicle at any instant, consistent
with the vehicle force (6.1.1)

6.2.2

roll moment
My
component off the vehicle moment (6.2.1) about the X axis

6.2.3
pitch moment
My
component off the vehicle moment (6.2.1) about the Y axis

6.2.4
yaw moment
My
component of the vehicle moment (6.2.1) about the Z axis

6.2.5
steering-wheel torque
hand-wheel tgrque

My,
moment applied to the steering-wheel, usually by the driver, about its axis of rotation

NOTE Usually the measured torque does not contain any torques attributable to steering-wheel inertia effects.

6.2.6
steering-axis torque
kingpin torqug
Mg

moment aboUt the steering axis (7.2.1)\of a steerable wheel due to the sum of tyre and suspension forces
and moments

7 Suspension and steering geometry

7.1 Steer and camber angles

711
steer angle
0

angle from X, axis to the wheel plane (4.1), about the Z,, axis, for each road wheel

NOTE The sign of steer angle is determined using the right-hand rule. The symbolic notation &;,, &, , ..... + O4Rs OoRos +oeee
may be used for axle 1, axle 2, ... and left, right.

7.1.2
kinematic steer angle

in
steer angle(s) (7.1.1) corresponding to a given steering-wheel angle (7.1.8), defined by the kinematics of

the steering system in the absence of tyre forces and moments, and vertical wheel-to-body travel, but
including static tyre vertical load
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NOTE 1 The kinematic steer angle may be defined for any steerable wheel. It is intended that the wheel position be
specified.

NOTE 2 For practical measurement purposes, the vertical wheel-to-body travel need not be constrained.

NOTE 3 Some vehicles may utilize steered axles whose steer angle is a function of a separate input, for example trailer
(3.2) yaw articulation angle (5.2.13). In these cases, it is intended that the kinematic steer angle of the axle concerned
be referenced to the corresponding input.

7.1.3

mean steer angle

§m

mean road wheel steer angle

average of the left and right hand steer angles (7.1.1) on the same axle

71.
mean kinematic steer angle
5m kin
mean|steer angle (7.1.3), corresponding to a given steering-wheel angle (7.1.8), defined by the kinematics
of thel steering system in the absence of tyre forces and moments, and vertical wheel-to-body travel, but

includjng static tyre vertical load

NOTE| The mean kinematic steer angle may be defined for any steerable axle. I¥is intended that the posjtion of the axle
be spdcified.

7.1.5
included kinematic steer angle
5|nc kin
mean|kinematic steer angle (7.1.4) of the front axle minus the mean kinematic steer angle of the rear axle

7.1.6
static toe angle
angle|between the X,, axis and the wheel plane (4.1), about the Z,, axis, with the vehicle af rest and the
steering in the straight ahead position, wheréthe wheel is “toed-in” if the forward portion of the wheel is closer
to the|vehicle centreline than the wheel centre (4.1.2) and “toed-out” if it is farther away

NOTE| By convention, toe-in is considered a positive angle, and toe-out is a negative angle.

7.1.7
total|static toe angle
sum df the static toe anglées (7.1.6) on the same axle

7.1.8
steering-wheel;angle
hand-wheel angle

a3
angular displacement of the steering-wheel measured from the straight ahead position, which il positive for a
left tuTn of the vehicle

NOTE The straight ahead position may be determined dynamically, as the steering-wheel angle which produces zero
yaw velocity (5.2.19) under a given set of initial conditions or statically, as the steering-wheel angle corresponding to zero
mean steer angle (7.1.3) (6, = 0).

7.1.9

Ackermann geometry

steering system kinematics where the 1, axes of the steerable wheels intersect the centre of rotation, for
non-zero steering-wheel angles (7.1.8) at negligible lateral accelerations (5.1.12)

NOTE Ackermann geometry may be achieved at one or more steering-wheel angles during steering articulation. For a

front steer only vehicle, the centre of rotation is on the line defined by the rear wheel centres (4.1.2). For a four-wheel
steer vehicle, and vehicles with more than two axles, the centre of rotation is generally not on this line. A steering system
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with Ackermann geometry is said to be 100 % Ackermann, and one with equal steer angles (7.1.1) (parallel steer) on the
steerable axle is said to be 0 % Ackermann.

7.1.10

Ackermann wheel steer angle

§AW . . .
steer angle (7.1.1) necessary to cause the local Y,y axis to pass through the vehicle centre of rotation

NOTE 1  An Ackermann wheel steer angle is defined for each individual wheel.

NOTE 2 This definition is more general than the definition in the previous edition in order to accommodate four-wheel
steering. For a front steer vehlcle with the centre of rotation Iylng ona prOJectlon of the rear axle centreline, thls definition
accommodates_the forme

5AW,1L' 5AW,2L' T

7.1.11

Ackermann s
A

included angle between the line from the centre of rotation to the centre of the front axle)and the line frgm the
centre of rotafion to the centre of the rear axle

NOTE 1 Itis|calculated using Formula (6):

/ /
5, = arctan—- —arctan—2- (6)

Rt Rt
where

Iy is thg signed distance from the tangent point (5.2.10) to th&front axle;
Iy is thg signed distance from the tangent point to the rear axle;
R; is thg path radius (5.3.3) of the tangent point (see Figure 5).

NOTE 2 Thig definition can also be expressedtas the difference between the sideslip angle (5.2.8) of the centrg of the
front axle and the sideslip angle of the centre of the rear axle.

For a tangent goint located between the axles, /, is positive and /, is negative.

For the conditign of low speed running,with zero slip angles (5.2.12), on a radius of turn, R, which is large in comparison
to the vehicle wheelbase (4.2), [-the/following approximation can be used:

/
Op =— 7
AT R (7)
7.1.12
Ackermann error

difference between the steer angle (7.1.1) and the Ackermann wheel steer angle (7.1.10)

NOTE For a front steer only vehicle, Ackermann error exists if the Y, axes of the steerable wheels do not intersect on
the line defined by the rear wheel centres (4.1.2). For a four-wheel steer vehicle, Ackermann error exists if the Y, axes of
the steerable wheels do not intersect at a point. If Ackermann error exists, an ideal centre of rotation may be defined by
the intersection of the Y, axes of the inner wheels. In this case, Ackermann error is the difference between the steer angle
and the Ackermann wheel steer angle of the outer wheels, for which the Y|, axis passes through the ideal centre of
rotation. Ackermann error is defined only at the front axle for a front only steer vehicle and at both the front and rear axles
for a four-wheel steer vehicle. For vehicles with more than two axles, an ideal centre of rotation cannot be fixed by
geometry.
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Key

=N
—

U
a  Ad
b Ag

711
steel
rate o
pair o

NOTE
resped

rn centre
kermann error, front.

kermann error, rear.

Figure 6 — Ackermann geometry

3
ing ratio

steered wheels at a given steering-wheel position

For a two-axle vehicle, the symbolic notations, ig ; and ig ., may be used for the front and rear axle
tively. ' '

711

trailer-axle steering ratio

rate

articulation angle (5:2.13) at a given yaw articulation angle

711

overall steering ratio

is

change of mean“kinematic steer angle (7.1.4) of a pair of steered wheels with respe

f change of steering-wheel angle (7.{1:8) with respect to the mean kinematic steer angje (7.1.4) of a

steering ratios,

ct to the yaw

rate of ehange of steering-wheel angle (7.1.8) with respect to the included kinematic steer angle (7.1.5) at

a give

NOTE

NOTE

711

n steering-wheel position

1 This definition is only applicable to two-axle vehicles. For vehicles with three or more axles, a combined
steering ratio for all front axles and/or all rear axles has to be determined by virtually merging the front axles and/or rear
axles together.

2 The overall steering ratio can be expressed by: 1/ig = (1/ig ¢ — 1/ig ;).

6

inclination angle

&y
angle

NOTE

from the Z; axis to the Zy axis

Also commonly referred to as the camber angle with respect to the road.

© 1SO 2011 — All rights reserved
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7.1.17

camber angle

&y

angle between the Z,, axis and the wheel plane (4.1), about the X\, axis

NOTE It is considered positive when the wheel leans outward at the top, relative to the vehicle body, and negative when
it leans inward.

Fore=¢g =& =0.

Figure 7 — Camber, inclination and vehicle roll angles

7.2 Steering-axis geometry

7.2.1
steering axis
kingpin axis )1
axis about which the wheel and hub assembly rotates relative to the vehicle structure when steered, [in the
absence of tyfe forees.and moments, except the tyre vertical load

NOTE This akis-can shift, due to suspension kinematics, as the steer angle (7.1.1) changes.

7.2.2

castor angle

T

angle between the Z,, axis and the normal projection of the steering axis (7.2.1) on to the X,-Z,, plane

NOTE The angle is positive when the top of the steering axis is inclined rearward.

20 © 1SO 2011 — Al rights reserved


https://standardsiso.com/api/?name=9e3b62861024f740cc86f394f86dd1cb

ISO 8855:2011(E)

7.2.3

castor offset at ground
castor trail

kinematic trail

n
dii(stance in the X7 direction from the Y1-Z7 plane to the point where the steering axis (7.2.1) intersects the
X1-Y7 plane

7.2.4

castor offset at wheel centre
spindle trail

n
dfstance between the projection of the wheel centre (4.1.2) and the projection of the steering %xis (7.2.1) on
to a plane which is normal to the X,,-¥y, plane and parallel to the intersection of the wheel plane| (4.1) with the
Xy-Yy|plane

NOTE| This distance is measured parallel to the X,-Y,, plane and is positive if the projection of the gteering axis is
forwarg of the wheel centre.

7.2.5
steering-axis inclination angle
kingpip inclination angle

o
angle between the Z,, axis and the normal projection of the steering axis (7.2.1) on to the ¥,,-Z/|plane

NOTE| The angle is positive when the top of the steering axis is inclined inward.

7.2.6|
steering-axis offset at ground
kingpin offset at ground

"
distance in the Y7 direction between the wheel plane (4.1) and the point where the steering axis (7.2.1)
intersgcts the X1-Y1 plane

NOTE| This distance is positive if the steering’axis intersection point is inboard of the wheel plane.

7.2.7
steering-axis offset at wheel centre
kingpin offset at wheel centre

e
distance between the projection of the wheel centre (4.1.2) and the projection of the steering gxis (7.2.1) on
to a p|lane which is normal to the XYy, plane and normal to the intersection of the wheel plane| (4.1) with the
Xy-Yy|plane

NOTE| This distance is measured parallel to the X,-Y,, plane and is positive if the projection of the gteering axis is
inboard of thexwheel centre.

7.2.
normal steering-axis offset at wheel centre

qw

distance between the projection of the wheel centre (4.1.2) and the projection of the steering axis (7.2.1) on
to a plane which is normal to the X,,-1y, plane and normal to the intersection of the wheel plane (4.1) with the
Xy-Yy plane

NOTE This distance is measured normal to the projected steering axis and is positive if the projection of the steering
axis is inboard of the wheel centre.

© 1SO 2011 — Al rights reserved 21


https://standardsiso.com/api/?name=9e3b62861024f740cc86f394f86dd1cb

ISO 8855:2011(E)

7.2.9

normal steering-axis offset at ground

qaT

distance from the projection of the contact centre (4.1.4) to the projection of the steering axis (7.2.1) on to a
plane which is normal to the XYy, plane and normal to the intersection of the wheel plane (4.1) with the
Xy-Yy plane

NOTE This distance is measured normal to the projected steering axis and is positive if the projection of the steering
axis is inboard of the wheel centre (4.1.2).

7.2.10
scrub radius
-

distance fron] the contact centre (4.1.4) to the point where the steering axis (7.2.1) intersects 'the [X7-Y+
plane

Key

1 wheel centre

2  contact centre

3  steering axis

4  intersection of steering axis with the road plane

Figure 8 — Steering-axis geometry
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8 Kinematics and compliances

8.1 Kinematics

NOTE The terms in this subclause describe the changes in wheel geometry caused by vertical wheel-to-body travel
and/or steering in the absence of tyre forces and moments. For practical use, these terms can be determined in the
presence of vertical loads. The term “wheel-to-body displacement” refers to the wheel centre (4.1.2) and does not include

tyre deflection.

8.1.1
ride track change
change-of-tre 4.4

ride track change gradient
rate of change of track (4.4) with respect to symmetric wheel-to-body displacement

8.1.
ride wheel precession/recession

change of longitudinal displacement of the wheel centre (4.1.2) resulting-from symmetric
displagement

NOTE| Precession is Xy, positive, recession is Xy, negative.

8.1.4
ride wheel precession/recession gradient

rate ¢f change of longitudinal displacement of the wheel centre (4.1.2) with respect
wheeltto-body displacement

ride steer gradient
rate of change of steer angle (7.1:1) with respect to symmetric wheel-to-body displacement

8.1.
ride camber
change of camber angle(7.1.17) of a wheel resulting from symmetric wheel-to-body displacemg

8.1.8
ride camberdgradient
rate of change-of camber angle (7.1.17) with respect to symmetric wheel-to-body displacement

8.1.

wheel-to-body

to symmetric

ride castor
change of castor angle (7.2.2) resulting from symmetric wheel-to-body displacement

8.1.10
ride castor gradient
rate of change of castor angle (7.2.2) with respect to symmetric wheel-to-body displacement

NOTE The terms “bump” and “jounce” are also in common use to describe symmetric wheel-to-body displacement.

8.1.11
roll steer
change of steer angle (7.1.1) of a wheel resulting from suspension roll displacement
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8.1.12
roll steer gradient
rate of change of steer angle (7.1.1) with respect to suspension roll displacement

8.1.13
roll camber
change of camber angle (7.1.17) of a wheel resulting from suspension roll displacement

8.1.14
roll camber gradient
rate of change of camber angle (7.1.17) with respect to suspension roll displacement

8.1.15
roll castor
change of cagtor angle (7.2.2) resulting from suspension roll displacement

8.1.16
roll castor gradient
rate of chang¢ of castor angle (7.2.2) with respect to suspension roll displacement

NOTE 1 The| definitions from 8.1.1 to 8.1.16 for roll kinematics can refer to “wheelto-body displacement]
“suspension rpll angle (5.2.5)".

NOTE 2 Suspension roll displacement may be defined based on the needs ¢f’the analysis or test. Commonl
definitions inclyide anti-symmetric wheel-to-body displacement and roll displacement whereby a constant axle
maintained.

8.1.17
roll centre

or to

y used
oad is

point in the tlansverse vertical plane through the wheel centres (4.1.2) on an axle at which lateral forces

(6.1.3) may bg¢ applied to the sprung mass (4.12) without producing suspension roll

NOTE The rpll centre constitutes an idealized kinematic concept and does not necessarily represent
instantaneous ¢entre of rotation of the sprung mass.

8.1.18
roll centre height
height of the ftoll centre (8.1.17) above ajline connecting the contact centres (4.1.4) for an axle

8.1.19
roll axis
line joining the front and rearroll centres (8.1.17)

NOTE This dgfinition is enly applicable to two-axle vehicles.

8.1.20
steer camhber

a true

change of camberangle (7 1.17) of 2 wheel resulting from steer angle (7 1 1) displacement

8.1.21
steer camber gradient
rate of change of camber angle (7.1.17) with respect to steer angle (7.1.1) displacement

8.1.22
steer castor
change of castor angle (7.2.2) resulting from steer angle (7.1.1) displacement

8.1.23
steer castor gradient
rate of change of castor angle (7.2.2) with respect to steer angle (7.1.1) displacement
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8.2 Compliances

NOTE The terms in this subclause describe the changes in wheel geometry caused by tyre forces and moments.

8.2.1
camber compliance
rate of change of camber angle (7.1.17) with respect to a tyre force or moment

8.2.2
steer compliance
rate of change of steer angle (7.1.1) with respect to a tyre force or moment

8.2.
laterpl compliance at the wheel centre
rate of change of the lateral displacement of the wheel centre (4.1.2) with respect to a tyre'forcel or moment

8.2.
laterpl compliance at the contact centre
rate of change of the lateral displacement of the contact centre (4.1.4) with respect to a tyre for¢ge or moment

NOTE| The lateral compliance at the contact centre may consist of several compound suspension compligances (camber,
lateral| steer, etc.), but excludes tyre compliances.

8.2.

longitudinal compliance
rate of change of the longitudinal displacement of the wheéleentre (4.1.2) with respect to g tyre force or
momegnt

8.2.

windup compliance
rate of change of the angular displacement of the wheel about the wheel-spin axis (4.1.1) with respect to a
tyre fqrce or moment

8.2.7
axle windup compliance
rate of change of the angular displacement of the axle housing of a solid axle suspensipn about the
wheel-spin axis (4.1.1) with respect to a tyre force or moment

9 Ride and roll stiffhess

9.1
ride rate
rate of change-of the tyre normal force (10.2.1) with respect to a displacement of the contact centre (4.1.4)
in the|Z,, direction

9.2
suspension ride rate

wheel rate

rate of change of the tyre normal force (10.2.1) with respect to a displacement of the wheel centre (4.1.2) in
the Z,, direction

9.3

roll stiffness

rate of change of the restoring couple exerted by an axle on the sprung mass (4.12) with respect to the
angular change about the X, axis of a line joining the contact centres (4.1.4) of the axle
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9.4

suspension roll stiffness

rate of change of the restoring couple exerted by an axle on the sprung mass (4.12) with respect to the
suspension roll angle (5.2.5) of the axle

9.5
vehicle roll

stiffness

sum of the individual roll stiffnesses (9.3)

9.6

roll stiffness distribution

distribution of
vehicle roll sti

NOTE The te
and, therefore,
influence of th

ffness

rms “vehicle roll stiffness” and “roll stiffness distribution” both reference the definition of roll stiffnes

of the

5 (9.3),

include the compliances of both the tyres and the suspensions. Similar terms that woeuld exclude the

b tyres, and depend only on the compliances of the suspensions, can be defined with) reference

suspension rdll stiffness (9.4).

10 Tyres

10.1 Tyre g

10.1.1

eometry

straight frele-rolling tyre

loaded rolling
absence of br

10.1.2

tyre, at zero slip (5.2.12) and inclination (7.1.16) angles, moving along a linear path
aking or driving torques

loaded radius

distance from
10.1.3

static load
loaded radiu

10.1.4

dynamic rojling circumference

Cr
distance travd

10.1.5

the wheel centre (4.1.2) to the contact centre (4.1.4) at a specified operating condition

d radius

(10.1.2) at zero speed

lled on the greund during one rotation of the wheel at a specified operating condition

dynamic rojlling radius

Tdyn

radius derived-from-the-dynamicrolling-cireumference{

to the

in the

NOTE The dynamic rolling radius is expressed as:

Cr

’”dyn:g

26
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Tyre forces and moments
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Key

b3

2 g

w
b3

10.2.
tyre

Fzr
comp

10.2.
tyre

tyre vi
comp

10.2.
stati

heel plane
ad plane
heel-spin axis
Figure 9 — Tyre force and moment nomenclature

1
hormal force

bnent of the total force exerted on the tyre by the road in the direction of the Z; axis

2
vertical force

prtical load

bnent of the total forceexerted on the tyre by the road in the direction of the Zg axis

3
c tyre load

tyre vertical force (10.2.2) with the vehicle at rest on a horizontal surface

10.2

tyre Ehear force

Fxyt

component of the total force exerted on the tyre by the road in the X+-Y+ plane

10.2.

5

tyre longitudinal force

Fxt

component of the tyre shear force (10.2.4) vector in the direction of the X7 axis

10.2.

6

tyre lateral force

Fyt

component of the tyre shear force (10.2.4) vector in the direction of the Yt axis

© 1SO 2011 — All rights reserved
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10.2.7
tyre lateral

load transfer

tyre vertical force (10.2.2) transfer from the tyre(s) on one side of an axle to the tyre(s) on the other side of

the axle

NOTE Itcan

10.2.8

be caused by, for example, lateral acceleration (5.1.12), road camber and drive-train torque.

total tyre lateral load transfer
sum of the tyre lateral load transfers (10.2.7) for all axles

10.2.9
tyre lateral
ratio of the ty

NOTE For a
transfer.

10.2.10
tyre longitu

Toad transfer distribution
re lateral load transfer (10.2.7) on one axle to the total tyre lateral load transfer (10:2.8

two-axle vehicle, this is the ratio of the front axle tyre lateral load transfer to the total tyre later|

dinal load transfer

total tyre vertical force (10.2.2) transfer from one axle to the others

NOTE Itcan
10.2.11
tyre overtu
Myt
component of]

10.2.12
tyre rolling
tyre rolling res
Myt
component of

10.2.13
tyre alignin
tyre aligning t
Mzt
component off

NOTE Typicg
(10.2.6) and pn

be caused by, for example, longitudinal acceleration (5.1.11) and road elevation.

rning moment

the moment produced by the total force exerted on:the'tyre by the road, about the X7 axis
moment

istance moment

the moment produced by the total force exerted on the tyre by the road, about the Y7 axis
g moment

brque

the moment produged by the total force exerted on the tyre by the road, about the Z; axis

lly, components ©f'the tyre aligning moment may consist of the moments resulting from tyre latera
eumatic trail and-tyre longitudinal force (10.2.5) and lateral offset to the contact centre (4.1.4).

10.3 Termg relating to tyre measures

10.3.1
tyre norma

Bl load

| force

stiffness

tyre radial stiffness
tyre spring rate
first derivative of the tyre normal force (10.2.1) with respect to the change in loaded radius (10.1.2)

10.3.2
tyre rolling
Fr

resistance

loss of energy (or energy consumed) in the tyre per unit distance

NOTE This is equivalent to a drag force.

28
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10.3.3
rolling resistance coefficient
ratio of the tyre rolling resistance (10.3.2) to the tyre normal force (10.2.1)

NOTE Rolling resistance coefficient is expressed as:

iy
Fzr

9)

10.3.4
tyre longitudinal force coefficient

HxT
ratio gf the tyre longitudinal force (10.2.5) to the tyre normal force (10.2.1)

NOTE| Tyre longitudinal force coefficient is expressed as:

I (10)
ZT

um longitudinal force coefficient
um value of the tyre longitudinal force coefficient (10.3.4) attainable in longitudinal slip (10.3.9) on
surface under a given set of operating conditions

value |of the tyre longitudinal force coefficient (10.3.4).@ttainable by a locked wheel on a given surface

ratio ¢f the tyre longitudinal force coefficient (10.3.4) to the maximum longitudinal forge coefficient

itudinal slip angular velocity
differgnce between the wheel-spin/velocity (5.2.20) and the reference wheel-spin velocity (5.2.21)

10.3.|?
longitudinal slip

ratio df the longitudinal slip angular velocity (10.3.8) to the reference wheel-spin velocity (5]2.21)

NOTE| Longitudinal slip is expressed as:

Fxr
= (11)
X5

10.3.10
peak longitudinal slip
value of longitudinal slip (10.3.9) at which the maximum longitudinal force coefficient (10.3.5) occurs

10.3.11
tyre longitudinal stiffness
rate of change of tyre longitudinal force (10.2.5) with respect to longitudinal slip (10.3.9)

10.3.12

tyre lateral force coefficient
ratio of the tyre lateral force (10.2.6) to the tyre normal force (10.2.1)
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NOTE Tyre lateral force coefficient is expressed as:

Fyr
Fay

10.3.13

maximum lateral force coefficient
maximum value of the tyre lateral force coefficient (10.3.12) attainable on a given surface under a given set
of operating conditions

10.3.14

peak slip angle

value of the
conditions

10.3.15
tyre corner|
negative of th

NOTE Tyre ¢

oFyt
o

10.3.16

slip angle (5.2.12) at which the maximum tyre lateral force (10.2.6) occurs under

ing stiffness
e first derivative of tyre lateral force (10.2.6) with respect to slip angle (5.2:42)

brnering stiffness is expressed as:

tyre inclingtion stiffness

first derivative
NOTE Tyre in

OFyr
de W

11 Input ty

11.1 Input
11.1.1

control inp
positioning off
propulsion sy

11.1.2

of tyre lateral force (10.2.6) with respect to inclination angle (7.1.16)

clination stiffness is expressed as:

pes and control modes
types

it

stems) for-the purposes of maintaining, or inducing a change in, motion of the vehicle

disturbance input
(In_g_go_n_t_mLi_n_p_ujs (11 1 ‘I) an the vehicle that induce a change in maotion of the vehicle

inputs, excludi

(12)

given

(13)

(14)

or application-of force to, an element of the vehicle (typically within the steering, braking or

NOTE For example road displacements, which generate vehicular ride motions, and wind gusts, which generate

uncommanded

vehicular lateral responses.

11.2 Control modes

11.2.1
position co

ntrol

mode of vehicle control wherein control inputs (11.1.1) or restraints in the form of displacements are placed
at some control point in the system, independent of the force required

30
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11.2.2
fixed control
mode of vehicle control wherein the position of some point in the control system is held fixed

NOTE This is a special case of position control (11.2.1).

11.2.3

force control

mode of vehicle control wherein control inputs (11.1.1) or restraints in the form of forces are placed upon
some control point in the system, independent of the displacement required

11.2.4
free fontrol
mode|of vehicle control wherein no restraint is placed on the control system

NOTE| This is a special limit case of force control (11.2.3).

11.215

closéd-loop control
feedback control
mode|of vehicle control wherein information about the vehicle response*(12.1.1) is fed back to the input
contrdller (driver or mechanical actuator) for comparison with the desjred)vehicle response, and the control
inputs (11.1.1) are modified so as to reduce the error between the acfual and desired vehicle regponse

11.2.6
opentloop control
mode|of vehicle control wherein control inputs (11.1.1) are, independent of the resulting vehigle response
(12.1.11)

12 Responses

12.1 | General response types

1211
vehigle response
vehicle motion resulting from_control inputs (11.1.1) or disturbance inputs (11.1.2) to the vehi

e

12.1.2
control response
vehicle motion resulting from a control input (11.1.1)

12.1.3
disturbance response
vehicle motion resulting from a disturbance input (11.1.2)

12.2 Equilibrium and stability

NOTE See Annex A.

12.2.1

steady state

state of a vehicle where the sum of the applied external forces and moments and the inertial forces and
moments which balance them form an unchanging force and moment system in the (X, ¥y, Zy) and (X, Y, Z)
frames of reference over an arbitrarily long time period

See A.1.
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12.2.2

transient state

state of a vehicle wherein the applied external forces and moments, the control positions or the vehicle motion
responses are varying with time

12.2.3

non-oscillatory stability

stability characteristic at a prescribed steady state (12.2.1) if, following any small temporary disturbance
input (11.1.2) or control input (11.1.1), the vehicle returns to the steady state without oscillation

12.2.4

non-oscilla
stability chargcteristic at a prescribed steady state (12.2.1) if a small temporary disturbance input (11.1.2) or
control inpuf (11.1.1) causes an ever-increasing vehicle response (12.1.1) without oscillation

See A.2.

12.2.5
neutral stapility
stability chargcteristic at a prescribed steady state (12.2.1) if, as a result of any small’temporary disturbance
input (11.1.2) or control input (11.1.1), the vehicle attains a new steady state

12.2.6
oscillatory |stability
stability chargcteristic at a prescribed steady state (12.2.1) if a small temporary disturbance input (11.1.2) or
control inpuf (11.1.1) causes an oscillatory vehicle response (12.1:1) of decreasing amplitude and a|return
to the original|steady state

12.2.7
oscillatory jinstability
stability chargcteristic at a prescribed steady state (12,271) if a small temporary disturbance input (11.1.2) or
control input (11.1.1) causes an oscillatory vehicle_response (12.1.1) of ever-increasing amplitude |about
the initial steqdy state

See A.3.

12.3 Lateral response measures

12.3.1
steering-wheel angle gradient
hand-wheel ahgle gradient

rate of change of steering-wheel angle (7.1.8) with respect to lateral acceleration (5.1.12) on a level rpad at
a given steady state (12)2.1)

NOTE 1  Ste¢ring-wheel angle gradient is expressed as:

N
aaY

(15)

NOTE 2 This is the reciprocal of lateral acceleration gain (12.4.9).

12.3.2

steering-wheel torque gradient

hand-wheel torque gradient

rate of change of steering-wheel torque (6.2.5) with respect to lateral acceleration (5.1.12) on a level road
at a given steady state (12.2.1)
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NOTE Steering-wheel torque gradient is expressed as:

8aY

12.3.3

roll angle gradient

rate of change of vehicle roll angle (5.2.4) with respect to lateral acceleration (5.1.12) on a level road at a
given steady state (12.2.1)

NOTE Roll angle gradient is expressed as:

Eun (17)
qay

12.3.E

suspgension roll angle gradient
rate of change of suspension roll angle (5.2.5) with respect to lateral acceleration (5.1.12) oh a level road
at a gjven steady state (12.2.1)

NOTE| Suspension roll angle gradient is expressed as:

alo

ok (18)
ay

12.3f

sidesglip angle gradient
rate of change of vehicle sideslip angle (5.2.9) with respect to lateral acceleration (5.1.12) op a level road
at a gjven steady state (12.2.1)

NOTE| Sideslip angle gradient is expressed as:

5 (19)

a%

[«B)

12.3.6
yaw particulation angle gradient
articulation angle gradient

rate of change of yaw articulation angle (5.2.13) with respect to lateral acceleration (5.1.12) gn a level road
at a gjven steady state (12.2.1)

NOTE| Yaw articulation angle gradient is expressed as:

Py, (20)
Bay

12.4 LUndersteer and oversteer measures

12.4.1

included Ackermann steer angle gradient

rate of change of included Ackermann steer angle (7.1.11) with respect to lateral acceleration (5.1.12) on
a level road at a given steady state (12.2.1)

NOTE Included Ackermann steer angle gradient is expressed as:

25,

o (21)
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12.4.2

included kinematic steer angle gradient
rate of change of included kinematic steer angle (7.1.5) with respect to lateral acceleration (5.1.12) on a
level road at a given steady state (12.2.1)

NOTE

aé‘inc,kin
aay

12.4.3
understeer
U

quantity obtai

kinematic steer angle gradient (12.4.2), on a level road at a given steady state (12.2.1)

NOTE1 Ung
U — dé‘inc
da
NOTE2 Wh
y_ 1l
iS da

12.4.4
understeer

steer property

See A 4.

12.4.5
oversteer
steer property

See A4.

12.4.6

neutral steer

steer property

12.4.7
stability faq

Included kinematic steer angle gradient is expressed as:

laversteer gradient

(22)

hed by subtracting the included Ackermann steer angle gradient (12.4.1) from the inc

ersteer/oversteer gradient is expressed as:

kin _ dda
day

ere the overall steering ratio (7.1.15) is constant, the understeer/oversteer-gradient can be expresss

4o

y day

at a given steady state (12.2.1) where the understeer/oversteer gradient (12.4.3) is pos

at a given steady_state (12.2.1) where the understeer/oversteer gradient (12.4.3) is zer

ctor

K
understeer/

ersteer gradient (12.4.3) divided by the wheelbase (4.2)

luded

(23)

bd as:

(24)

itive

at a given steady state (12.2 1) where the understeer/oversteer gradient (12.4.3) is negative

[

NOTE Stability factorisexpressedas:

k=Y
/

12.4.8

yaw velocity gain
rate of change of yaw velocity (5.2.19) with respect to steering-wheel angle (7.1.8) on a level road at a

given steady

34

state (12.2.1)

(25)
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