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Motorcycle and motorcycle-rider kinematics — Vocabulary

1 Scope

1.1 This| International Standard specifies symbols, definitions ahd ‘conventions related to m
motorcycle-rider motions and kinematics and to the modelling thereof.

1.2 itd
accuracy.

1.3 The| provisions of this International Standard apply,t6 two-wheeled motorcycles as defined in IS

1.4 This

are used

for the carriage of goods to the exclusion of persons.

1.5 Thig International Standard specifies. terms, definitions and symbols for the following syste

aspects:

ste

bring system (clause 3)

suspension system (clause 4)

tyrds and wheels’[clause 5)

basjc principfes of axis systems and kinematics (clause 6)

dirdctiohal dynamics (clause 7)

mo

pbtorcycle and

bes not deal with methods of measurement, nor with the units used in reporting the requits, nor with

D 3833.

International Standard does not cover(road motorcycles which are controlled by a pedestrian or which

s, parts and

orcyclemotiontharacteristicstetause-8)

aerodynamic characteristics of the motorcycle-rider combination (clause 9)

riding postures and behaviours (clause 10)

tests (clause 11).

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the
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possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 3833:1977, Road vehicles — Types — Terms and definitions.

ISO 6725:1981, Road vehicles — Dimensions of two-wheeled mopeds and motorcycles — Terms and definitions.

ISO 6726:1988, Mopeds and motorcycles with two wheels — Masses — Vocabulary.

3 Steering system

3.1 Axisa

3.1.1

steer axis
ZH

rotational axi
with the axis

3.1.2

steer angle
OH

angle of mot

of the steering head pipe

parallel to thg¢ motorcycle longitudinal plane

3.1.3
wheel steer

ow

angle formed by the intersection with the road surfacé plane of the motorcycle longitudinal plane an

wheel plane

3.2 Dynan

3.2.1
steering vel

o
angular velog

3.2.2
steering vel

Oy

angle

beity

bcity of the handlebars

hd angles of the steering assembly

5 of the steering assembly for steering control which coincides with the axis of the steering

on of the steering assembly about the steer axis (3.1.1) Which is zero when the front whe

nic quantities of the steering assembly

ity of the sprurig part of the steering assembly about the z¢-axis

5tem and

el plane is

the front

angular velog

3.2.3

ity-of the handlebars about the z-axis

steer torque

torque about

3.24
steer force

the steer axis (3.1.1)

value obtained from dividing the steer torque (3.2.3) and the effective rotational radius of the steering handle

NOTE — The effective rotational radius of the steering handle is the distance between the steer axis (3.1.1) and the centre

point of the steering handlegrip projected on the plane perpendicular to the steer axis.
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3.25

steady state sieer torque

torque applied to the steering handle in order to maintain the motion of the motorcycle-rider combination in a given
state

NOTE — When the motorcycle-rider combination is turning, this torque is classified as positive steer torque (3.2.5.1)
neutral steer torque (3.2.5.2) or negative steer torque (3.2.5.3)

3.25.1

moaniblurn cbane favrirrn

PUSItIVE Sweer wryuc

steady state steer torque (3.2.5) applied in the direction equal to that in which the motorcycle-rider combination is
turning

3.25.2

neutral steer torque

amount pf steady state steer torque (3.2.5) equal to zero, required when the motorcygle-fider gombination is
turning

3.253

negative  steer torque

steady state steer torque (3.2.5) applied in the direction opposite to that in*Which the motorcyc|e-rider combi-

nation is furning

3.2.6
steady state steer force
value obtained from dividing the steady state steer torque (3:2.5) and the effective rotational|radius of the
steering handle

3.2.7
stiffness| of the steering assembly
resistance against the deformation caused by the leads applied to the steering assembly

NOTE — | There are torsional and bending stiffnesses.

3.28
friction u}orque of the steering assembly
torque alpout the steer axis (3.1.1).required to initiate the motion of the steering assembly which ddes not include
the frictign between the tyre andthe road surface

3.29
damping torque of thesteering assembly
damping|torque abglt the steer axis (3.1.1) at a certain steering velocity (3.2.1) which does not include the
damping|betweenthe tyre and the road surface

3.2.10
moment of inertia of the steering assembly
moment of inertia of the steering assembly about the steering axis (3.1.1) under defined load conditions

3.3 Steering characteristics of the steering assembly

3.3.1
steering under stationary conditions
steering operation of the motorcycle-rider combination under stationary conditions

3.3.2
counter steering
positive action on the steering handle in order to compensate (cancel out) the change in the state of the motorcycle


https://standardsiso.com/api/?name=8fbe083d38bc649607705f74f3e6cc2c

ISO 11838:1997(E)

3.33

disturbed steer
very short and quick rotation of the steering handle caused by an outside disturbance

3.3.4

loss of control in steering
uncontrollable rotation of the steering handle caused by a disturbance

4 Suspension system

4.1 Suspe

411
wheel plane
centre plane

4.1.2

wheel centre

intersection ¢

413

nsion geometry

bf the wheel which is perpendicular to the wheel spin axis

f the wheel spin axis and the wheel plane (4.1.1)

front and rear wheel alignment

position of th

4.1.4
steering sys
relation betw

NOTE — This

415

e front and the rear wheel planes relative to some referénce frame planes

tem alignment
een the wheel(s) and the body or the road surface

term is often applied to the fork off-set (4.1.8), castor (4.1.7), castor angle (4.1.6).

alignment variation

displacemen

4.1.6

castor angle

T

SEE I1SO 672

4.1.7
castor

s and deformations of the suspension system caused by forces applied to the wheels

b:1981, 6.12;

SEE ISO 6725:1981, 6.11.

41.8
fork off-set

distance between the steering shaft centreline and the front wheel spin axis

419

vertical wheel travel
vertical distance between the wheel spin axis position when the suspension is fully stretched and when it is fully
compressed according to the manufacturer's indication

© SO
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4.1.10

sprlng anu/or udmper str Ke
displacement between the spring and/or damper unit positions when fully stretched and when fully compressed
according to the manufacturer's indication

4.2 Suspension dynamic rates

4.2.1

suspension rate

increase of ground contacting load necessary to approximate the wheel spin axis and the sprung mass projected on
the vertical line passing through the wheel centre by the unit distance under the designated load

4.2.2

ride rate

increase pf ground contacting load necessary to approximate the road plane and the sprungimass prpjected on the
vertical line passing through the wheel centre by the unit distance under the designated Joad

4.2.3

link ratiq of spring and/or damper

ratio of the vertical wheel travel (4.1.9) and the spring and/or damper stroke(4.1.10)

NOTES

1 The link ratio can be more or less than 1, depending on the location and the way of geometrical linking of the spring and/or
damper inf relation to the position of the wheel axis.

2 The iink ratio can be a function o

424
damping characteristics
relation etween the damping force occurring at the"damper unit and the damper piston speed

NOTE — The sign is positive when the damper is.cémpressed, it is negative when the damper is stretched.
5 Tyres and wheels

5.1 Tyre axis system and(variables

5.1.1
conventjonal centre of-tyre contact
intersectjon of the.wheel plane and the vertical projection of the spin axis of the wheel onto the road plane

5.1.2
geometrical centre of tyre contact
geometricatcentre of the contact area between the tyreand-theToad ptane

5.1.3
effective centre of tyre contact
centre of pressures in the contact area of the tyre and the road plane

NOTES

1 When the wheel is cambered, the effective centre of tyre contact can be displaced in the direction of the camber.

2 The effective centre of tyre contact may not be the geometrical centre of tyre contact (5.1.2) area due to distortion of the
tyre produced by applied forces.


https://standardsiso.com/api/?name=8fbe083d38bc649607705f74f3e6cc2c

ISO 11838:1997(E)

© SO

angle between the xt-axis and the direction of wheel travel in the conventional centre of tyre contact (5.1.1)

See figure 2.

5.1.6

slip ratio
S
(driving)

PN

5.1.7

slip ratio
S
(braking)

_ 019
Ut

S

where

the whed

a is the

5.2 Forces

5.2.1
tyre vertical
z-component

S(!—Utc

Vtc

SO — Utc
cos o

e forward velocity of the conventional centre of the wheel;

e peripheral velocity of the conventional centre of tyre contact (5.1.1) in reference to the
l;

tyre slip angle (5.1.5).

applied to tyres.and their coefficients

oad
of theforce applied from the road plane to the tyre

5.2.2

tyre lateral force
yr-component of the force applied from the road plane to the tyre

5.2.3

tyre longitudinal force
xr-component of the force applied from the road plane to the tyre

5.2.4

tyre vertical stiffness
variation in the vertical load required to shift the distance between the conventional centre of tyre contact (5.1.1)
and the wheel centre (4.1.2) in the vertical direction by the length, with the camber angle (5.1.4) being zero

centre of
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5.2.5

tyre lateral stiffness

variation in the tyre lateral force (5.2.2) required to vary the wheel centre (4.1.2) in the yy-direction by the length
relative to the supporting surface, with the camber angle (5.1.4) being zero and a specified tyre vertical load
(5.2.1) being applied

5.2.6
driving force
positive tyre longitudinal force (5.2.3) caused by application of driving torque in the xt-direction

5.2.7
braking
negative [tyre longitudinal force (5.2.3) caused by application of braking torque in the ytdirection

5.2.8
conicity fforce
tyre lateyal force (5.2.2) which changes sign [with respect the horizontal tyre axis system (6.2.2)] with a change
in directipn of rotation when the tyre slip angle (5.1.5) and the camber angle (5.1.4)'are zero

5.2.9
plysteer|force
tyre lateral force (5.2.2) which does not change sign [with respect to the.horizontal tyre axis system (6.2.2)] with
a changd in direction of rotation when the tyre slip angle (5.1.5) and the camber angle (5.1.4) are zdro

5.2.10
camber force

camber thrust
tyre latgral force (5.2.2) applied to the tyre having somé&‘camber angle (5.1.4) when the tyre slip angle (5.1.5)
is zero and the plysteer force (5.2.9) and conicity force(5.2.8) have been subtracted

5.2.11
cornering force
horizontgl component, in the direction perpendicular to the direction of wheel travel, of the force agplied from the
road plarje to the wheel having some tyre slip angle (5.1.5) when the camber angle (5.1.4) is zero

See figute 2.

5.2.12
tyre side force
tyre latdral force (5.2:2)\when the camber angle (5.1.4) is zero and the plysteer force (5.2.9) and|conicity force
(5.2.8) have been subtracted

See figufe 2.

5.2.13
tractive force

component of the tyre force vector in the direction of wheel travel of the effective centre of tyre contact (5.1.3),
is equal to the tyre lateral force (5.2.2) times the sine of the tyre slip angle (5.1.5) plus the tyre longitudinal
force (5.2.3) times the cosine of the tyre slip angle (5.1.5)

5.2.14
drag force
negative tractive force (5.2.13)

See figure 2.
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5.2.15
roiiing resistance
force opposite to the direction of wheel heading mainly resulting from deformation of a rolling tyre

5.2.16
rolling resistance coefficient
ratio between the roiiing resistance and the tyre verticai ioad (5.2.1)

£.2.17
camber stiffness

rate of change of tyre lateral force (5.2.2) with respect to the change in camber angle (5.1.4), usually evaluated
at zero camberangle and at zero tyre slip angle (5 1 5)

5.2.18
camber stiffness coefficient
ratio of cambjer stiffness (5.2.17) of a free straight-rolling tyre to the tyre vertical load (5.2.1)

5.2.19
cornering stiffness
rate of changg of tyre lateral force (5.2.2) with respect to the change in tyre slip ‘angie (5.1.5), usually|evaluated
at zero tyre slip angle and at zero camber angle (5.1.4)

5.2.20
cornering stjffness coefficient
ratio of cornering stiffness (5.2.19) of a free straight-rolling tyre to thé tyre vertical load (5.2.1)

5.2.21
pneumatic trail
horizontal distance between the point of action of the tyre-side force (5.2.12) and the conventional cenfre of tyre
contact (5.1.])

NOTE — This is a way of defining the aligning torque-relative to the tyre side force (5.2.12).

5.2.22

tyre lag
delay that ocfurs in the change of the-tyre lateral force (5.2.2) resulting from a change in tyre slip anpgle (5.1.5)
or camber angle (5.1.4)

5.2.23
relaxation lepgth
distance covdred duringthe tyre lag (5.2.22)

NOTE — Normally, \the relaxation length is defined as the distance rolled by the tyre until a value of 63,2 % of [the normal
value of tyre IEteraI force (5.2.2) is obtained when the tyre slip angle (5.1.5) and/or the camber angle (5.1.4) change(s) in
steps from zerb-

5.3 Moments applied to tyres

5.3.1
overturning moment
component about xi-axis of moments applied from the road plane to the tyres

5.3.2
rolling resistance moment
component of the tyre moment vector about the y-axis resulting from the rolling resistance (5.2.15)
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5.3.3

camber torque

component about the zr-axis of moments applied from the road plane to the wheel having some camber angle
(5.1.4) when the tyre slip angle (5.1.5) is zero

5.3.4

aligning torque
component of the tyre moment vector tending to rotate the tyre about the z-axis

5.4 Phenomena related with tyres

5.4.1
standing(wave

phenomenon that occurs when the tyre peripheral speed exceeds a given peripheral velocity whilg it is rotating
at a high $peed

NOTE — Deformations caused by the tyre contact tend to remain without recovery even after the deformed portions of the
tyre have lgft the road surface, which results in steady standing waves on the tyre surface.

6 Basi¢ principles of axis systems and kinematics

6.1 Axi$ systems

See figurg 3.

6.1.1
earth-fixed axis system
X, 7, 2)
right-hand orthogonal axis system fixed on thecgarth, in which the X- and Y-axis are in a horizontal plane and the
Z-axis is directed upwards

NOTE — [The trajectory of the motorcycle.isidescribed with respect to this earth fixed axis system.

6.1.2
motorcygle axis system
'y 2)
right-hand orthogonal axis~system which has its origin at the centre of gravity of the motorcycle sug¢h that, when
the motorcycle is moviqg-in a straight line on a level road, the x-axis is substantially horizontal, points|forwards and
is parallel to the motoreycle longitudinal plane, the y“axis points to the rider's left and the z-axis points upwards.

NOTE — Use the.motorcycle-rider combination axis system (xes, y'es. z'res) which substitutes the motorcydle axis system
in every cofrespending definition when considering the motorcycle-rider combination instead of the motorcycle gnly.

6.2 Horizontal axis systems

6.2.1

horizontal motorcycle axis system

(x, v, 2)

right-hand orthogonal axis system which has its origin at the centre of gravity of the motorcycle and moves
together with the motorcycle body such that the x-y plane is always parallel to the X-Y plane of the earth-fixed axis
system (6.1.1); the x-axis is the projection of the x-axis of the motorcycle axis system (6.1.2) on the x-y plane and
points forwards and the z-axis is parallel to the Z-axis of the earth-fixed axis system and points upwards
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6.2.2

horizontai tyre axis system
(e, . 2

right-hand orthogonal axis system which has its origin at the conventional centre of tyre contact (5.1.1); the x
axis is the intersection of the wheel plane (4.1.1) and the road plane with a positive direction forward, the z-axis is
perpendicular to the road plane with a positive direction upward and the y-axis is in the road plane

NOTE — In order to differentiate between front and rear horizontal tyre axis systems, indices "f” and “r" are used.

6.3 Component and assembly axis systems

The following|component and assembly axis systems are right-hand orthogonal axis systems which hayvg an origin
at the centre ¢f gravity of the component or the assembly.

6.3.1
steering assgmbly axis system
'fus Y Z'tu) , N o i

axis system of the steering assembly in which the z's-axis is parallel to the steering~head pipe axis gnd points
upwards and the x's,-axis points forwards and is parallel to the wheel plane (4.1.1)

6.3.2
frame fixed gaxis system

(Xrus Yrur Zru) ) ) .
horizontal axi§ system of the frame without the steering assembly

6.3.3
steering assembly sprung part fixed axis system
(x% 't 2%
assembly axi$ system which applies to the sprung part,of the steering assembly and is parallel to thg steering
assembly axis system (6.3.1) and has axes pointing in the same directions

6.3.4
frame sprung part fixed axis system
(xr, r Zr)
horizontal assembly axis system which’applies to the sprung part of the frame without the steering assenpbly

6.3.5
motorcycle lpngitudinal plane
plane that pagses through the'steering head pipe axis and that is parallel to the rear wheel plane

6.4 Ground contact axes

6.4.1

conventional ground contact axis

(xgo)

axis through both conventional centres of tyre contact (5.1.1) of the front and rear tyres; the direction of this axis
is positive in the forward direction of the motorcycle

6.4.2

geometrical ground contact axis

brgg)

axis through both geometrical centres of tyre contact (5.1.2) of the front and rear tyres; the direction of the axes
is positive in the forward direction of the motorcycle

10
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6.43

effective ground contact axis

(xge)

axis through both effective centres of tyre contact (5.1.3) of the front and rear tyres; the direction of the axis is
positive in the forward direction of the motorcycle

6.4.4

angular orientation of the motorcycle

orientation of the motorcycle axis system (6.1.2) with respect to the earth-fixed axis system (6.1.1) which is
given by the following sequence of three angular rotations starting from a condition in which the two sets of axes
are initially aligned:

—  vawrotation ¥, about the AIignPd 7= and Z-axis:

— pitch rotation, 6, about the motorcycle y*-axis;
— 1oll rotation, @, about the motorcycle x-axis.

NOTES
1 Roll rothtions can also be considered about axes xg,, xgg and xge. The respective angles will then be @g,, Pggland Pye.

2 Angulaf rotations are positive if clockwise when looking in the positive direction of theZaxis about which the otation occurs.

6.4.5
rolling
banking
angular rgtation of the motorcycle or of the motorcycle-rider combination about the x-axis or x'res-axis respectively

NOTE — |Rolling can also be considered about the axes xg,, Xgq and.xge, as defined in 6.4.5.1, 6.4.5.2 and 6.4.5(3.

6.4.5.1
conventional rolling
rolling (6.4.5) about the xgg-axis

6.4.5.2
geometrjcal rolling
rolling (§.4.5) about the xgg-axis

6.4.53
effective rolling
rolling (§.4.5) about the xgg-axis

6.4.6
pitching
angular rptationvof the motorcycle or of the motorcycle-rider combination about the y-axis or y'res-axiq respectively

6.4.7
yawing
angular rotation of the motorcycle or of the motorcycle-rider combination about the z-axis or z'es-axis respectively

6.5 Motorcycle masses and weight distribution

6.5.1
motorcycle mass
mass of the motorcycle under a given loading condition

NOTE — Some particular conditions of motorcycle mass are defined in ISO 6726.

11


https://standardsiso.com/api/?name=8fbe083d38bc649607705f74f3e6cc2c

ISO 11838:1997(E) ©1SO

6.5.2
sprung mass
mass corresponding to the load supported by the suspension

NOTE — In cases where some of the masses of the propeller shaft, roller chain, suspension system, steering system,
braking system, etc., constitute the sprung mass, such masses should be added to the corresponding masses according to
the structure of the motorcycle.

6.5.3
unsprung mass
mass which corresponds to the difference between motorcycle mass and sprung mass

6.5.4 L
weight distribution ratio
percentage of|weight distributed to each axle under well-defined loading conditions

6.6 Moments of inertia

6.6.1
moment of inertia
I
sum of the products of the elements of mass and the squares of their distances from an axis

NOTE — This| axis may be the axis that passes through the centre of gravity of the motorcycle, the assemply or the
component.

EXAMPLE —[Moments of inertia about the axes of the motorcyele axis system (6.1.2) are indicated by I, Ly
or I,

6.6.2
product of inprtia
sum of the products of the elements of mass and-their distances from two axes

NOTE — The two axes should be clearly stipulated and indices used to indicate which axes are relevant.

EXAMPLE — Product of inertia about x/<axis and z'-axis is indicated by I,

6.7 Motion variables

6.7.1

pitch angle
6

angle formed petween the xi-axis and the X-Y plane, which is positive when the xi-axis is moving clockwfise about
the Y-axis seep ib/the positive sense of the Y-axis

6.7.2

yaw angle

b 4

angle formed between the x-axis projection on the road plane and the X-axis, which is positive when the x,-axis
projection on the road plane is moving clockwise about the Z-axis seen in the positive sense of the Z-axis

6.7.3

course angle

v

angle between the horizontal motorcycle speed and the X-axis which is positive when the motorcycle velocity on
the road plane is moving clockwise about the Z-axis seen in the positive sense of the Z-axis

12
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6.7.4

motorcycle sideslip angle

B

angle between the horizontal motorcycle speed and the motorcycle x-axis, which is equivalent to the difference
between the course angle and the yaw angle

6.7.5

roll angle

bank angle

(0]

angle between the x-z' plane and the x-z plane which is positive for a right turn (clockwise as seen by the rider)

NOTE —[Other Tottangtes cam be considered s theangtes formed by the ptame—througtthe X o1 X5 Orjxge-axis and the
motorcycle centre of gravity and the z-axis, these are defined in 6.7.5.1, 6.7.5.2 and 6.7.5.3.

6.7.5.1
conventjonal roll angle
Dy,
angle between the plane through the xgo-axis and the motorcycle centre of gravity, which is positive|for a right turn
(clockwige as seen by the rider)

6.7.5.2
geometyical roll angle
Pyg
angle bejftween the plane through the xgg-axis and the motorcycle eentre of gravity, which is positive| for a right turn
(clockwi$e as seen by the rider)

6.7.5.3
effective roll angle
Dy
angle bgtween the plane through the xge-axis and,the motorcycle centre of gravity, which is positive] for a right turn
(clockwibe as seen by the rider)

6.7.6
resultant roll angles
angles fprmed by the planes through'gither the xgo Or xgg OF xge-axis and the motorcycle-rider combjnation's centre
of gravify and the z-axis; these are called respectively conventional (@go res), geometrical (Pgyq ed and effective
(Pge res)| resultant force angle

6.7.7
speed of the centre of-gravity
14
velocity lvector whieh has its origin at the centre of gravity of a component, an assembly or a motorcycle

6.7.8
horizontatmutorcyctespeed
Vh

horizontal component of the speed of the centre of gravity of the motorcycle frame

6.7.9

motorcycle velocity

v

vector quantity expressing the velocity of a point in the motorcycle relative to the earth-fixed axis system (6.1.1),
of which the following motion variables are components of this vector, resolved with respect to the moving
motorcycle axis system (6.1.2)

13
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997(E)

longitudinal velocity

Vy'

magnitude of the component of the velocity vector of a point in the motorcycle in the x-direction

6.7.9.2
side velocity
Vy'

magnitude of the component of the velocity vector of a point in the motorcycle in the y-direction

6.7.9.3
normal veloc
VZ'

magnitude of

6.7.9.4
forward velo(
Vx

magnitude of
parallel to the

6.7.9.5
lateral velocit
Vy

magnitude of
parallel to the

6.7.9.6
vertical veloc
Vz

magnitude of

6.7.9.7

roll velocity
bank velocity
(o]

angular veloci

NOTE — Othd
defined in 6.7.9

6.7.9.7.1

conventional
Dy, .
angular veloci

ty

© SO

he component of the velocity vector of a point in the motorcycle in the z-direction

ity

the component of the velocity vector of a point in the motorcycle perpendicular to the )y
-axis

Y

the component of the velocity vector of a point in the. motorcycle perpendicular to the i
y-axis

ity

the component of the velocity vector of a point in the motorcycle parallel to the z-axis

y about the x"-axis

r roll velocities can-be-considered as the angular velocities about either the Xgo Or xgg Of xge-axis,
.7.1,6.7.9.7.2 and6-7.9.7.3.

roll velocity

yZabout the xgo-axis

-axis and

-axis and

these are

6.7.9.7.2

geometrical roll velocity

Pyq

angular velocity about the xgg-axis

6.7.9.7.3
effective roll
Dge

velocity

angular velocity about the xge-axis

14
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6.7.9.8

pitch velocity

2]

angular velocity about the y*-axis

6.7.9.9

yaw velocity

¥

angular velocity about the z-axis

6.7.10
accelerationvectorof-thecentreof gravity

a
accelerafion vector with its origin at the centre of gravity of a component, an assembly or a motoreydle

6.7.11
motorcycle acceleration
a
vector gfiantity expressing the acceleration of a point in the motorcycle relative.to the earth-fixed axis system
(6.1.1) of which the following motion variables are components of this yvéctor, resolved with fespect to the
motorcycle axis system (6.1.2)

6.7.111
longitudinal acceleration
ay'
magnitudle of the component of the acceleration vector of a point in the motorcycle in the x'-direction

6.7.11.2
side accpleration
Ay’

y . oL . o
magnitudle of the component of the acceleration/vector of a point in the motorcycle in the y'-direction]

6.7.113
normal acceleration
a;'
magnitufie of the component of theJacceleration vector of a point in the motorcycle in the z'-direction

6.7.11.4
forward acceleration
Ay
magnitufie of the eomponent of the acceleration vector of a point in the motorcycle perpendicular t¢ the y-axis and
parallel tp the road\plane

6.7.115
lateral acceleration
a

Y ) L . .
magnitude of the component of the acceleration vector of a point in the motorcycle perpendicular to the x-axis and
parallel to the road plane

6.7.11.6

vertical acceleration

a;

magnitude of the component of the acceleration vector of a point in the motorcycle parallel to the z-axis

15
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6.7.11.7

centripetal acceleration

ac

magnitude of the component of the acceleration vector of a point in the motorcycle perpendicular to the tangent to
the path of that point and parallel to the road plane

6.8 Forces

NOTE — The external forces acting on the motorcycle can be summed into one force vector F having the components
defined in 6.5.1, 6.5.2 and 6.5.3.

6.8.1
longitudinal force

F;
component of| the force vector in the x-direction

6.8.2

side force
F,
component of|the force vector in the y-direction

6.8.3

normal force
F,
component of|the force vector in the z-direction

6.9 Moments

NOTE — The ekternal moments acting on the motorcycle can be. suinmed into one moment vector M having the cgmponents
defined in 6.9.1), 6.9.2 and 6.9.3.

6.9.1
pitch momernt
M,
component off the moment vector tending ¢0 rotate the motorcycle about the y-axis, which is positive if flockwise
when looking fin the positive direction of_the y“-axis

6.9.2
yaw moment
/R
component of the momentwector tending to rotate the motorcycle about the z-axis, which is positive if flockwise
when looking [in the positive direction of the z-axis

6.9.3

roll moment
bank mome
m,’
component of the moment vector tending to rotate the motorcycle about the x*-axis, which is positive if clockwise
when looking in the positive direction of the x-axis

G

NOTE — Other roll moments can be considered as the components of the moment vector tending to rotate the motorcycle
about either the xq, Or xgq OF xge-axis, these are defined in 6.9.3.1, 6.9.3.2 and 6.9.3.3.

6.9.3.1

conventional roll moment

ngo

component of the moment vector tending to rotate the motorcycle about the xgo-axis, which is positive if clockwise
when looking in the direction of the xgo-axis

16
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6.9.3.2

geometrical roll moment

Mg,

component of the moment vector tending to rotate the motorcycle about the xgg-axis, which is positive if clockwise

n \
when looking in the direction of the xgg-axis

6.9.3.3

effective roll moment

Mg . .
component of the moment vector tending to rotate the motorcycle about the xge-axis, which is positive if clockwise
when looking in the direction of the xge-axis

7 Directional dynamics

7.1 Cantrols

7.1.1
roll control
control mhade by the rider in order to maintain, or to change, the roll angle (6.7.5) of the motorcycle|to an intended
value

7.1.2
directiopal control
control made by the rider in order to maintain, or to change, the course angle (6.7.3) of the mptorcycle to an
intended value

NOTES
1 For thi controls of motorcycles, 7.1.1 and 7.1.2¢@rfe correlated and they should not be treated separately.
2 In thelrelated International Standard for automobiles, control is clearly understood as “directional control”.

3 In the|case of a motorcycle the roll angle is to be controlled mainly to determine the direction.

7.2 Cantrol modes

7.21
steering position-control
mode motareycle control wherein inputs or restraints are placed upon the steering system [in the form of
displacements;at some control point in the steering system, independent from the force required

7.2.2
force control

mode of motorcycle control wherein inputs or restraints are placed upon the steering system in the form of forces,
independent from the displacement required

7.2.3

rider lean control

mode of motorcycle control wherein inputs or restraints are placed upon the motorcycle frame in the form of rider
lean angle independent from the steering control

7.2.4
free control
mode of motorcycle control wherein no inputs or restraints are placed upon the motorcycle by the rider

17
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NOTE — This mode is not possible with a real rider but only with a riding machine.

7.25

fixed control

mode of motorcycle control where the position of the steering system and the position of the rider or dummy is
held fixed; this control does not exist in the case of a human rider

7.2.6
open loop
procedures to describe the performance of a motorcycle without any control influence of the rider

NOTE — This mode is only possible with a riding machine.

7.2.7
closed loop
procedures to|describe the motorcycle-rider system with respect to any kind of rider control

7.2.8

steering
inputs to a mptorcycle by means of either the position control, the force control er<the rider lean contrpl, or any
combination thereof

7.29
handling
response of the motorcycle to the rider's input in order to follow an intended change in the course

7.3 Motorgycle response

Motorcycle response is defined by the following terms:ora combination thereof.

7.3.1
steering response
motion of the|motorcycle or the motorcycle=rider combination resulting from the input to the steering assgmbly

7.3.2
rider lean refponse
motion of the|motorcycle or thesmétorcycle-rider combination resulting from the input by the rider lean comtrol

7.3.3
disturbance response
motion of the| motaréycle or the motorcycle-rider combination resulting from external force or displacemént inputs
applied to the|motorcycle and/or the rider

7.3.4

steady state conditions

conditions under which periodic (or constant) motorcycle responses to periodic (or constant) control and/or
disturbance inputs do not change over an arbitrarily long time; the motion responses in steady state are referred to
as steady state responses

NOTE — This definition does not require the motorcycle to be operated in a straight line or on a level road. For example,
it can be in a turn of constant radius or on a cambered road.

7.35
transient state

state where the motion responses, the external forces relative to the motorcycle or the control positions are
changing with time
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7.3.6

trim

steady state (that is, equilibrium) condition of the motorcycle with constant input which is used as the reference
state for analysis of dynamic motorcycle stability and control characteristics

7.3.7
steady state response
response under steady state conditions

7.3.8
steady state response gain

ratio of cfrange T the—steady—stateresponse—{7-3:7ofany—motion—variabte—with—respect—to—change in input
at a given[trim

7.3.9
transient| response
responselunder transient state

7.3.10
yaw response
motorcycle motion related with yaw rotation resulting from an internal or extérnal input to the motorcycle

7.3.11
roll response
motorcycle motion related with roll rotation resulting from an intgrnal or external input to the motorcygle

7.3.12
steering @angle response
rotation of steering assembly resulting from an internal or external input to the motorcycle

7.3.13
steering ftorque response
steering forque formed by the forces exerted on the rider's arms resulting from an internal or external input to the
motorcydle

7.3.14
steering [sensitivity
control gain

change i lateral acceferation during cornering on a level road with respect to the change in the stgering angle or
the steer|ng torque-at’a given trim

7.3.15
road surfdce irregularity sensitivity
disturbance response of the motorcycle resufting from an input caused Dy road surface disturbances

7.3.16
side wind sensitivity
disturbance response of the motorcycle resulting from an input caused by a variation of wind forces

7.3.17
frequency response

steady state response of the motorcycle against any periodical input, from which the output gain against the input
and phase characteristics can be obtained
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7.4 Steer properties

7.4.1

neutral steer
property of a motorcycle where steer angle is equal to the theoretical steer angle under which no side slip angles

occur

7.4.2
understeer

© SO

property of a motorcycle the steer angle is greater than the theoretical steer angle under which no side slip angles

occur

7.43
oversteer
property of a
angles occur

7.5 Stability

7.5.1
asymptotic §
state of stab
motorcycle n

7.5.2

neutral stabflity
lity at a prescribed trim, for any small tempordry change in disturbance or control input, the resulting

state of stab
motion varial

753

divergent in
state of inst
increasing va

NOTE — The

in7.5.1, t

in7.5.2, 1
in 7.5.3, 1

motorcycle where the steer angle is smaller than the theoretical steer angle under, which n

tability
lity at a prescribed trim where, for any small temporary change in disturbance or control
otion variables approach the values aimed at by the trim

les of the motorcycle remain close to, but do ot approach, the values aimed at by the trim

stability
bility at a prescribed trim where, any small temporary disturbance or control input causs
ue of the motorcycle variables

states defined in 7.5.1, 7.5(2 and 7.5.3 can be reproduced by oscillations for which:
he amplitude of the oscillation is decreasing;

he amplitude of the 08cillation is constant;

he amplitude-of.the oscillation is increasing.

8 Motorc

8.1

b side slip

input, the

S an ever

| ion cf -

maximum lateral acceleration
maximum value of lateral acceleration that may be obtained when the motorcycle-rider combination is making
curvilinear motions

8.2

maximum centripetal acceleration
maximum value of centripetal acceleration that may be obtained when the motorcycle-rider combination is making
curvilinear motions
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83 )
minimum speed
lowest speed that allows a motorcycle-rider combination to run stably in the straight forward direction

8.4

maximum roll angle

maximum obtainable value of roll angle of a motorcycle-rider combination under steady state cornering until the
tyres are sklddmg to the side or until motorcycle parts (e.g. footrests, side or centre stands) touch the ground in

Al A
such a way that a greater roll angle is impossible for stable riding conditions

8.5
skid
situation Where the entire tyre contact tread is sliding relative to the pavement surface

8.6
spin ouf
sudden increases in the yaw rate and rear tyre slip angle (5.1.5) and decrease in the turning radius

8.7
~drift out
sudden irlcreases in the turning radius and the front tyre slip angle (5.1.5)and decrease in the yaw rgte

8.8

tuck-in
transient [roll phenomenon that occurs when the rider closés the throttle or declutches when the [motorcycle is
turning

8.9
knifing in of the steering handle
phenomenon of the steering handle which tends to rotate with a sudden and intensive force towatds a direction
that may feduce the turning radius of the metoércycle while turning

8.10
hydroplaning
phenomdnon of a sudden decrease in the friction between the tyres and the wet road surfage due to the
hydrodynamic effect

8.11
hop
vertical okcillation motion of a wheel between the road surface and the sprung mass

8.12
bounce
oscillatory motion of the sprung mass where each point of the sprung mass moves primarily along a vertical line

8.13

pitch

motion of the sprung mass where each point of the sprung mass moves primarily on a circular path about an axis
which is parallel to the motorcycle y-axis

8.14
wave
normally occurring combination of bounce and pitch
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8.15

weave

combined roll and yaw motion of the motorcycle which generally well-damped with a natural frequency in the range
of about 1 Hz to 4 Hz, depending on speed, motorcycle, component properties, etc.; it is oscillatory and can even
become unstable for some operating conditions or motorcycle-rider combinations

8.16

wobble
motion of primarily the steering assembly about the steering axis which is generally well damped with a natural
frequency in the range of about 6 Hz to 10 Hz, depending on speed, fork assembly properties, rider coupling
behaviour, etc.: it is oscillatory and can even become unstable for some operating conditions or motorcycle-rider
combinations

8.17

capsize
steady state {fendency of the motorcycle-rider combination to roll from the upright position until"the ridef makes a
roll or steer infput as correction

8.18
twist
torsional vibrgtion of the frame

8.19
cornering weave
combined pitgh, yaw and roll motion which can occur in a turn

8.20
kick back
rapid change [of the steering angle caused by a road irregularity

8.21

surging
kind of non-steady state longitudinal motion; normally occurring if a motorcycle is driven in too high a geal, with low
revolutions of the engine

NOTE — In this case an oscillating longitudinal acceleration is occurring instead of a constant motorcycle speed.

9 Aerodyjnamic characteristics of the motorcycle-rider combination

In the followihg:définitions the steer angle (3.1.2) is zero.

9.1 Winds

9.1.1
steady wind
wind having a flow speed and a direction which do not change according to time (substantially laminar)

9.1.2
unsteady wind

wind having a flow speed up to a maximum of 10 m/s in difference between maximum and minimum values of
wind speed as measured for 10 min
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9.1.3
gust of wind

wind having a flow speed of more than 10 m/s in difference between maximum and minimum values of wind
speed as measured for 10 min

9.2 Aerodynamic variables

9.2.1
ambient wind velocity

horizontal component of the velocity of the wind relative to the road plane

See figurd 4.

9.2.2
ambient wind angle

angle formhed between the X-axis of the earth-fixed axis system (6.1.1) and the projection of the [wind velocity
onto the rpad plane

See figurg 4.

9.2.3
resultantjwind velocity

vector difference between the velocity of the wind and the velocity:of the centre of gravity of the motorcycle-rider
combinatipn

See figurg 4.

9.2.4
aerodyngmic sideslip angle

angle formed between the projection of the x-axis of the motorcycle axis system (6.1.2) and the resultant wind
velocity opto the road plane

See figurg 4.

9.25
aerodynamic angle of attack

angle fored between thé-x+axis of the motorcycle axis system (6.1.2) and the projection of the fesultant wind
velocity onto the vertical plane along the x-axis

See figure 4.

9.2.6
centre of.wind pressure

intersection of the line of action of the wind pressure resultant force and the motorcycle longitudinal plane

9.2.7
frontal projected area

area created by projecting the motorcycle-rider combination onto the y-z' plane

9.2.8
standard atmosphere

atmosphere having a density of 1,225 kg/m3 and a coefficient of kinematic viscosity of 1,466 x 10-5m?2/s at a
temperature of 288 K (15 °C) and an atmospheric pressure of 101 325 kPa (1 atm)
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9.3 Aerodynamic forces, moments and coefficients

9.3.1

components of aerodynamic forces and moments

forces and moments acting on the motorcycle-rider combination in an air stream as divided into six components
in relation to the axis system

9.3.2
drag
x-component of the forces acting on the motorcycle-rider combination in an air stream

9.3.3

drag coefficient elc
value obtained by dividing the drag (9.3.2) by the product of the dynamic pressure and the frontal proj ted area
(9.2.7)

9.3.4
lateral force
y-componen{ of the forces acting on the motorcycle-rider combination in an air stream

9.35
lateral force|coefficient

value obtaindd by dividing the lateral force by the product of the dynamic ptessure and the frontal projected area
(9.2.7)

9.3.6
lift
z-component of the forces acting on the motorcycle-rider combination in an air stream

9.3.7
lift coefficient
value obtaindd by dividing the lift by the product of the dynamic pressure and the frontal projected area((9.2.7)

9.3.8
aerodynamit roll moment
moment abolut the x-axis caused by the aerodynamic forces acting on the motorcycle-rider combination

9.3.9
aerodynamigc roll moment coefficient
value obtaingd by dividing;the aerodynamic roll moment by the product of the dynamic pressure, the frontal
projected area (9.2.7) and'the standard length

NOTE — The Wheelbaseis usually employed as the standard length.

9.3.10
aerodynamicp
moment about the y-axis caused by the aerodynamic forces acting on the motorcycle-rider combination

9.3.11
aerodynamic pitch moment coefficient

value obtained by dividing the aerodynamic pitch moment (9.3.10) by the product of the dynamic pressure, the
frontal projected area (9.2.7) and the standard length

NOTE — The wheelbase is usually employed as the standard length.
9.3.12

aerodynamic yaw moment
moment about the z-axis caused by the aerodynamic forces acting on the motorcycle-rider combination
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9.3.13

aerodynamic yaw moment coefficient

value obtained by dividing the aerodynamic yaw moment (9.3.12) by the product of the dynamic pressure, the
frontal projected area (9.2.7) and the standard length

NOTE — The wheelbase is usually employed as the standard length.

10 Riding postures and behaviours

NOTE — The terms defined in clause 10 are limited to rider's postures and behaviours which contribute to the riding stability
of motorcycles; they do not apply to passenger's postures and behaviours.

10.1
normal position
condition|in which the rider puts his hands on the handlebar and his feet on the footrests .or platform with his
centre of [gravity in the motorcycle longitudinal plane

NOTE — [This position can differ according to the speed, riding time, motorcycle specifications.and human physgical structure.

10.2
lean forward
condition|in which the rider bends or inclines his upper torso more forwards than in the normal position

10.3
lean over
lean forward (10.2) in which the rider bends or inclines hisrdpper torso to the maximum inclinatiory of the upper
torso

10.4
lean back
condition|in which the rider leans or inclines his‘upper torso further backwards than in the normal position

10.5

lean in
condition[in which the rider's centre bf gravity is placed out of the motorcycle longitudinal plane towafds the centre
of the cuve

10.6
lean out
condition| in whichthe rider's centre of gravity is placed out of the motorcycle longitudinal plang towards the
opposite pide ofthe centre of the curve

10.7
lean with
condition in which the rider's centre of gravity is in the motorcycle longitudinal plane during cornering

11 Tests

11.1 Constant environment influence
11.11
straight forward running stability test

test to evaluate the response to a certain input to the motorcycle-rider combination by the kinematic damping
characteristics when running straight forward at a constant speed
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11.1.2

braking stability and handling tests

tests to evaluate the stability and/or the handling of the motorcycle-rider combination while braking under straight
forward running or cornering conditions

NOTE — Lateral displacement of the motorcycle, yaw angular velocity, etc. may be considered as characteristics for
evaluation in this test.

11.13

power on/off tests

tests to evaluate the stability and/or handling of the motorcycle-rider combination during accelerations and
decelerations through the operation of the throttle grip while running in a straight or while cornering

11.14
high speed cprnering test
test to evaluate the stability of the motorcycle-rider combination while high speed cornering at constant speed

NOTE — Yaw angular velocity, etc. may be considered to determine the kinematic damping characteristics.

11.1.5
steady state/circular tests
tests to evalliate steering torque characteristics, steering angle characteristics, solling characteristics, pnaximum
centripetal acceleration, etc. by stepwise changing the centripetal acceleration

NOTE — To Jary the centripetal acceleration, there are two methods: one is undef the condition that the radius of the circle is
kept constant and the other is under the condition that the motorcycle speed is Kept constant.

11.1.6
obstacle avgidance test
closed loop test to evaluate the transient characteristics of the,motorcycle-rider combination and the pefformance
to avoid traffic accidents when the rider changes the motorcycle course to avoid obstacles in frgnt of the
motorcycle while it is running straight forward at constant-speed

NOTE — Yaw angular velocity, roll angle, rider's behavigur; etc. may be considered as characteristics for evalugtion in this
test.

11.1.7
lane changing test

closed loop ﬂ:st to evaluate the transient’response and behaviour of the motorcycle-rider combination when it is
changing frofn one lane to another

11.1.8

slalom test
closed loop test to evaluate the manoeuvrability, response, etc. of the motorcycle-rider combination when it is
running along a zigzag{Course marked out by poles

NOTE — Thd maxifum slalom speed, steering torque, yaw angular velocity, roll angular velocity, etc. may be copsidered as
characteristicq for évaluation in this test.

11.1.9

eight figure test

closed loop test to evaluate the steering torque, etc. by riding the motorcycle along a lemniscate curve at low
speed

NOTE — A lemniscate curve is represented by the following equation
(2 + y2)2 = 2a2(x2 — y2)
or by the polar equation

r2 = 2a2 cos2 6

See figure 5.
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11.1.10

transient response tests

tests to evaluate transient response characteristics of the motorcycle rider combination through application of
transient steering inputs under the condition of acceleration, deceleration or constant speed

NOTE — Yaw angular velocity, roll angular velocity, etc. may be considered as evaluation items.
11.1.11

random response test
transient response test with random steering inputs

11.1.12

sinusoidal;resp‘unse-resi

transient résponse test with sinusoidal steering inputs
11.1.13

pulse response test
transient reésponse test with pulse steering inputs

11.2 Changeable environment influence

11.2.1
irregular oad surface stability tests
tests to evValuate the sensitivity in response of the motorcycle-rider ¢ombination against the irregularify of the road
surface, under straight forward running or cornering conditions

11.2.2
crosswind stability test »
test to evdluate the stability of the motorcycle-rider comibination when crosswind acts on the running fnotorcycle

NOTE — lateral displacement, the time to reach suchafateral displacement, yaw angular velocity, etc., may |be considered
as evaluatign items.

11.3 Other tests

11.3.1
steering forque tests
tests to dvaluate the steer_tofgue under certain conditions such as: the stationary condition of the motorcycle,
extremely|low speed running, cornering, high speed running, etc.

11.3.2
roll angle| test
test to mgasuré the roll angle (6.7.5) and/or the effective roll angle (6.7.5.3) of the motorcycle-ridef combination
when it is|running with a constant speed on a circular path having a given radius

11.3.3

minimum turning radius test

test to measure the minimum turning radius of the motorcycle when it is pushed forward with the motorcycle
being held upright and its steering handle being turned fully to the left or fully to the right
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Tyre vertical Load (5.2.1)

Aligning forque (5.3.4)

Camber angle (5.1.4)

Camber torque (5.3.3)

Wheel plane
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Figure 1 — Tyre axis system
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NOTE —
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Rolling resistance (5.2.15)
V.

ISO 11838:1997(E)

Aligning torque (5.3.%)

Drag force (5.2.14)

Xt

/ Cornering force (5.2.11)

Tyre side force (5.2.12)

Positive tyre slip angles gengfate negative tyre side forces.

Figure 2 — Forces applied to tyre when camber angle is zero
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X
Y d
V4
NOTE}|— R, Ry R/»>1
X,Y 2 Earth-fixed axis system (6.1.1) v Course angle (6.7.3)
(x, v, 2 Horizontal motorcycle axis system (6.2.1) v Yaw angle (6.7.2)
Xg0 Conventional ground contact axis (6.4.1) B Motorcycle side slip angle (6.7.4)
Xef, Xt Horizontal tyre axis system (6.2.2) Vh Horizontal motorcycle speed (6.7.8)
R, Rs, R, Radius of turning S Wheel steer angle (3.1.3)
QD Centre of gravity o, o Tyre slip angle (5.1.5)
C Instantaneous centre of turning 1 Distance between conventional centres

of front and rear tyre contact (see 5.1.1)

Figure 3 — Definition of angles
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