INTERNATIONAL 1ISO
STANDARD 14722

First edition
1998-12-15

Moped and moped-rider kinematics —
Vocabulary

Cinématique relative au cyclomotelir et a son conducteur — Vgcabulaire

= — Reference number
_ ISO 14722:1998(E)


https://standardsiso.com/api/?name=efea9489eabccd22474b30643bf2bb9c

1ISO 14722:1998(E)

Contents Page
S Yoo 1= SRS )\ et SRR 1
2 NOIMALIVE [EFEIENCES .....oiiiiiiiei e e e e e e e nnenes reesafedyfreennnnes o 1
IR S (=T =T 1 g To TR} £5) (= o U PERRUE  * SERR SRR RSP 1
3.1 Axis and [angles of the steering assembIY ... e e e | 1
3.2 Dynamic|quantities of the steering assembly............ccocciiiii e L e e e, 2
3.3 Steering pharacteristics of the steering assembly ... A e e 3
4 SUSPENSION SYSTEIM ...eiiiiiiiiieiiiiie ettt ettt e e e snnee e o Ph e e e snnbeeessnnbeeesannrees aanbeeessnnnneessnnnee oenneeesnnne 3
4.1 SUSPENSION GEOMELIY ...eeiiiieeiiiiiiriiieeeeeesiiireee e e e s e srrrrrene s e Bae Te e e e e e s stnnneeeeeesssnnnrnnneenesans ernreeeesssnnnnnneedeesnnninnnn, 3
4.2 Suspension dynamic rates .........ccovveveeernieeeeinieeeenneee s i@ aernieee e e 4
B TYres and WheelS ... ...ooooiiiiiiiiiiiei e SR et see ernneeessnneessnenneee s fern e 5
5.1 Tyre axig| system and Variables ............oeo i e e et srree e sinees nreesssneeess feiee e 5
5.2 Forces applied to tyres and their COEffiCIBNLS ........oocviii e e |, 6
5.3 Momentq applied tO tYFreS ......ooooee i eennneeesnneeee s fe 8
5.4 Phenomena related WIth tYTr@S70. .. ..ui ittt snneeennne nveesssenneessforneee e, 8
6 Basic prindples of axis systems and KINEMALICS ...........eeiiiiiiiiiiiiiie s Y AU 8
8.1 AXIS SYSEEIMS ... ettt ettt ettt ettt e ettt e et e e e e st e e e e e sbr e e e s snbeeeesatbeeees  tabneeessnrneeessnneessne]oenniieee 8
6.2 HOMZONTAl @XIS\SYSIEIMS ......eiiiiiiii ettt ettt et e e s sbne e e s sbeeeesnne eentbeeessnsneeessn]oenniiiennns 9
6.3 Component and aSSeEmMY @RS SYSIETTIS oo ir s s i s iiieeeeeeneeeeens 9
6.4 GrOUNGT CONEACE BXES .....uveieeeiiteiee e rittee e ettt e e skttt e e e b bt e e e ot bt e e e sabe e e e e sabe e e e e ahbe e e e e abbe e e e aabbeeeeanbeee  4eeabbeeeeanbeeeesabeeeesabneeanns 9
6.5 Moped masses and Weight diStrDULION ..........ooiuiiiiii s eeee e e 11
© 1SO 1998

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 « CH-1211 Genéve 20 « Switzerland
Internet  iso@iso.ch

Printed in Switzerland


https://standardsiso.com/api/?name=efea9489eabccd22474b30643bf2bb9c

©1S0O

6.6 Moments of inertia
6.7 Motion variables
6.8 Forces
6.9 Moments

7 Directional dynamics

ISO 14722:1998(E)

7.1 Contrgt

7.2 Contrd

7.3 Mopeg

7.4 Steer properties

7.5 Stabilif
8 Moped 1
9 Aerodyn
9.1 Winds
9.2 Aerody
9.3 Aerod
10 Riding
11 Tests.
11.1 Cong
11.2 Chan
11.3 Othe

Bibliograp

LIS 010 ] A e

namic forces, moments and coefficients

bostures and behaviours



https://standardsiso.com/api/?name=efea9489eabccd22474b30643bf2bb9c

1ISO 14722:1998(E) ©1SO

Foreword

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

International |Standards are drafted in accordance with the rules given in the ISO/IEC Directives! Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting|a vote.

International [Standard 1SO 14722 was prepared by Technical Committee ISO/TCc22,"Road vehicles, Subcommittee
SC 23, Mopads.
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Moped and moped-rider kinematics — Vocabulary

1 Scopsd

1.1 This |International Standard defines terms, symbols and conventions‘.related to moped and| moped-rider
motions and kinematics and to the modelling thereof.

1.2 It dogs not deal with methods of measurement, nor with thelunits used in reporting the resuits, nor with
accuracy.

1.3 The definitions in this International Standard apply to two*wheeled mopeds as defined in ISO 3833.

1.4 This |nternational Standard does not cover road mopeds which are controlled by a pedestrian |or which are
used for the carriage of goods to the exclusion of persens.

2 Normative references

The follomjng normative documents contain provisions which, through reference in this text, constitute|provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publication)s do not apply. Howeyer, parties to agreements based on this International Standard are epcouraged to
investigatg the possibility of applying the most recent editions of the normative documents indicated below. For
undated re¢ferences, the latest edition of the normative document referred to applies. Members of |SO and IEC
maintain registers of cuprently valid International Standards.

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

ISO 6725:11984, ‘Road vehicles — Dimensions of two-wheeled mopeds and motorcycles — Terms and Hefinitions.

3 Steering system
3.1 Axis and angles of the steering assembly

3.11

steer axis

Zy

rotational axis of the steering assembly for steering control which coincides with the axis of the steering stem and
with the axis of the steering head pipe


https://standardsiso.com/api/?name=efea9489eabccd22474b30643bf2bb9c

ISO 14722:1998(E)

3.1.2
steer angle
¥

©1SO

angle of motion of the steering assembly about the steer axis (3.1.1) which is zero when the front wheel plane is
parallel to the moped longitudinal plane

3.1.3

wheel steer angle

Ow

angle formed by the intersection with the road surface plane of the moped longitudinal plane and the front wheel

plane

3.2 Dynam

3.2.1
steering velo

o)
angular velog

3.2.2
steering velo
On

angular velog

3.2.3
steer torque

torque about

3.24
steer force

value obtaine

NOTE Th

ic quantities of the steering assembly

City

ity of the sprung part of the steering assembly about the z;-axis

City of the handlebars

ity of the handlebars about the zy-axis

the steer axis (3.1.1)

d from dividing the steer torque (3.2.3),and the effective rotational radius of the steering handle

b effective rotational radius of the stegring handle is the distance between the steer axis (3.1.1) and

point of the stg¢ering handlegrip projected on the plang perpendicular to the steer axis.

3.25
steady state

torque applig

NOTE WH
steer torque

3.251
positive stee

Steer torque
d to the steering handle in order to maintain the motion of the moped-rider combination in a g

en the moped-rider-combination is turning, this torque is classified as positive steer torque (3.2.5
3.2.5.2) or negative steer torque (3.2.5.3).

torque

steady staté steer-torque (3.2.5) applied in the direction equal to that in which the moped-rider com

turning

the centre

iven state

1), neutral

bination is

3.2.5.2
neutral steer

torque

amount of steady state steer torque (3.2.5) equal to zero, required when the moped-rider combination is turning

3.253

negative steer torque
steady state steer torque (3.2.5) applied in the direction opposite to that in which the moped-rider combination is

turning
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3.2.6
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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

NOTE

against the deformation caused by the loads applied to the steering assembly

There are torsional and bending stiffnesses.

3.2.8
friction tor

torque abgut the steer axis (3.1.1) required to initiate the motion of the steering assembly whichydoe

the friction

3.2.9

damping t
damping t
damping b

3.2.10
moment o

moment o
3.3 Stee

3.3.1
steering u
steering o

3.3.2
counter st

positive ag

3.3.3
disturbed

very short

3.34
loss of cor

uncontrollable rotation.of.the steering handle caused by a disturbance

4 Suspd

ue of the steering assembly

between the tyre and the road surface

brque of the steering assembly
prque about the steer axis (3.1.1) at a certain steering velocity (3.2.1) which does ng
etween the tyre and the road surface

inertia of the steering assembly
inertia of the steering assembly about the steering axis (3.1¢1) under defined load condition

ring characteristics of the steering assembly

nder stationary conditions
peration of the moped-rider combination understationary conditions

bering
tion on the steering handle in orderto compensate (cancel out) the change in the state of the

Steer
and quick rotation of thieysteering handle caused by an outside disturbance

trol in steering

nsion system

S not include

t include the

[

moped

4.1 Suspension geometry

41.1

wheel plane
centre plane of the wheel which is perpendicular to the wheel spin axis

4.1.2

wheel centre

intersectio

4.1.3
front and r

position of

n of the wheel spin axis and the wheel plane (4.1.1)

ear wheel alignment
the front and the rear wheel planes relative to some reference frame planes
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41.4

steering system alignment
relation between the wheel(s) and the body or the road surface

NOTE

4.1.5

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

alignment variation
displacements and deformations of the suspension system caused by forces applied to the wheels

4.1.6

©1SO

castor angle
T
See ISO 672

4.1.7
castor
See ISO 672

4.1.8
fork off-set

distance bety

4.1.9
vertical whesd

vertical distaj
compressed

4.1.10

spring and/o
displacemen
according to

5:1981, 6.12.

5:1981, 6.11.

veen the steering shaft centreline and the front wheel spin axis

| travel
nce between the wheel spin axis position when the suspension is fully stretched and whe
according to the manufacturer's indication

damper stroke
between the spring and/or damper unit positions when fully stretched and when fully cq
the manufacturer's indication

4.2 Suspemnsion dynamic rates

421

suspension i
increase of g
the vertical li

4.2.2
ride rate

increase of
vertical line g

4.2.3

ate

N it is fully

mpressed

round contacting load pecessary to approximate the wheel spin axis and the sprung mass pijojected on

e passing through the'wheel centre by the unit distance under the designated load

round contacting load necessary to approximate the road plane and the sprung mass projeq
assing<through the wheel centre by the unit distance under the designated load

ted on the

link ratio of s

hrina-and/ordamner
HAg-ahRaio—aaiipes

ratio of the vertical wheel travel

NOTE 1

(4.1.9) and the spring and/or damper stroke  (4.1.10)

and/or damper in relation to the position of the wheel axis.

NOTE 2 The link ratio can be a function of the wheel travel.

4.2.4

damping characteristics
relation between the damping force occurring at the damper unit and the damper piston speed

NOTE

The sign is positive when the damper is compressed; it is negative when the damper is stretched.

The link ratio can be more or less than 1, depending on the location and the way of geometrical linking of the spring
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5 Tyres
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and wheels

See Figure 1.

5.1 Tyre

511

axis system and variables

conventional centre of tyre contact
intersection of the wheel plane and the vertical projection of the spin axis of the wheel onto the road plane

512

geometrictl centre of tyre contact

geometric

5.1.3
effective ¢

centre of
NOTE 1

NOTE 2
distortion o

5.1.4
camber arj
e

angle betv

515

| centre of the contact area between the tyre and the road plane

entre of tyre contact
ressures in the contact area of the tyre and the road plane

The effective centre of tyre contact may not be the geometrical centre. of tyre contact (5.1.2
the tyre produced by applied forces.

gle

yeen the vertical and the wheel plane

tyre slip afgle

o
angle betv

See Figurg

5.1.6
slip ratio
S
(driving)

5.1.7
slip ratio
S

een the x-axis and the direction of wheel travel in the conventional centre of tyre contact

p 2.

COS A — Uy,
Ve

(braking)

S

where

_ U COS O — Vi

V1, COS O

Vi IS the forward velocity of the conventional centre of the wheel,

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

area due to

(5.1.1)

Vic IS the peripheral velocity of the conventional centre of tyre contact (5.1.1) in reference to the centre of
the wheel,

a is the tyre slip angle (5.1.5).
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5.2 Forces applied to tyres and their coefficients

5.2.1
tyre vertical load
z-component of the force applied from the road plane to the tyre

5.2.2
tyre lateral force
yi-component of the force applied from the road plane to the tyre

5.2.3
tyre longitudipratforce
x-component of the force applied from the road plane to the tyre

5.24
tyre vertical gtiffness
variation in the vertical load required to shift the distance between the conventional centre of tyre contiact (5.1.1)
and the whegpl centre (4.1.2) in the vertical direction by the length, when the camber angle (5.1.4) is zer(

5.2.5
tyre lateral stiffness

variation in tIe tyre lateral force (5.2.2) required to vary the wheel centre (4.1.2) in the y;-direction by|the length
relative to thé supporting surface, when the camber angle (5.1.4) is zero-and a specified tyre vertical lgad (5.2.1)
is applied

5.2.6
driving force

positive tyre|longitudinal force (5.2.3) caused by application:af driving torque in the x.-direction

5.2.7
braking force
negative tyre longitudinal force (5.2.3) caused hy-application of braking torque in the y;-direction

5.2.8

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

5.2.9

plysteer forc
tyre lateral force (5.2.2) whiech does not change sign [with respect to the horizontal tyre axis system (§.2.2)] with
a change in dlirection of rotation when the tyre slip angle (5.1.5) and the camber angle (5.1.4) are zero

5.2.10
camber forc
camber thrudt

tyre lateral force (5.2.2) applied to the tyre having some 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

horizontal component, in the direction perpendicular to the direction of wheel travel, of the force applied from the
road plane to the wheel having some tyre slip angle (5.1.5) when the camber angle (5.1.4) is zero

See Figure 2.
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5.2.12
tyre side force
tyre lateral 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 Figure 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) timps the cosine of the tyre slip angle (5.1.5)

5.2.14
drag force

negative tractive force (5.2.13)
See Figure 2.

5.2.15
rolling resistance
force oppdsite to the direction of wheel heading mainly resulting from deforfmation of a rolling tyre

5.2.16
rolling resistance coefficient

ratio betwgen the rolling resistance and the tyre vertical load (5.2.1)

5.2.17
camber stiffness

rate of chgnge of tyre lateral force (5.2.2) with respectto the change in camber angle (5.1.4), usually evaluated at
zero camber angle and at zero tyre slip angle (5.1.5)

5.2.18
camber stiffness coefficient

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

5.2.19
cornering ptiffness
rate of change of tyre lateral force (5.2.2) with respect to the change in tyre slip angle (5.1.5), usually evaluated
at zero tyre slip angle and.atzero camber angle (5.1.4)

5.2.20
cornering ptiffness. coefficient
ratio of cornering stiffness (5.2.19) of a free straight-rolling tyre to the 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 centre of tyre
contact (5.1.1)

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 occurs in the change of the tyre lateral force (5.2.2) resulting from a change in tyre slip angle (5.1.5) or
camber angle (5.1.4)
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5.2.23
relaxation length
distance covered during the 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 lateral 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 zero.

5.3 Moments applied to tyres
531

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

5.3.2
rolling resistgnce moment
component df the tyre moment vector about the y;-axis resulting from the rolling resistance/(5.2.15)

5.3.3
camber torqye
component gbout the z-axis of moments applied from the road plane to the wheel having some camber angle
(5.1.4) whenlthe tyre slip angle (5.1.5) is zero

5.3.4
aligning torgdie
component df the tyre moment vector tending to rotate the tyre aboutithe’ z-axis

5.4 Phenoinena related with tyres

5.4.1
standing wa\e
phenomenor] that occurs when the tyre peripheral speed exceeds a given peripheral velocity while it is rgtating at a
high speed

NOTE Deformations caused by the tyre contacttend to remain without recovery even after the deformed pofttions of the
tyre have left the road surface, which results in steady standing waves on the tyre surface.

6 Basic pifinciples of axis systems and kinematics

6.1 Axis sylstems
See Figure 3|

6.1.1
earth-fixed akis system
XY, 2
right-hand orthogomataxis systenT fixed o theeartt, fimwiich the—X=——and-Y=axis are i a forizomtat ptare-and the Z-
axis is directed upwards

NOTE The trajectory of the moped is described with respect to this earth fixed axis system.
6.1.2

moped axis system

(X', y', z)

right-hand orthogonal axis system which has its origin at the centre of gravity of the moped such that, when the
moped is moving in a straight line on a level road, the x-axis is substantially horizontal, points forwards and is
parallel to the moped longitudinal plane, the y'-axis points to the rider's left and the z-axis points upwards

NOTE The moped-rider combination axis system (X'\es, Yres: Ztes) replaces the moped axis system in every corresponding
definition when considering the moped-rider combination instead of the moped only.
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6.2 Horizontal axis systems

6.2.1
horizontal

(X, \2 Z)

moped axis system

right-hand orthogonal axis system which has its origin at the centre of gravity of the moped and moves together with
the moped 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 moped 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

6.2.2

horizontal
(Xt Yt z)

right-hand
axis is the
perpendic

NOTE

tyre axis system

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

6.3 Component and assembly axis systems

The follow

ng component and assembly axis systems are right-hand orthegonal axis systems which h

at the cenfre of gravity of the component or the assembly.

6.3.1

steering a
Xtus Y'ius 4
axis syste
upwards a

6.3.2
frame fixe

(XI'UI yI'U! zl’
horizontal

6.3.3

steering a
(X't Y, Z7)
assembly
assembly,

6.3.4
frame spr

(XI'! yl’! zl’)
horizontal

Esembly axis system

fu)
Im of the steering assembly in which the z,-axis is parallel to the steering head pipe ax

nd the x'y,-axis points forwards and is parallel tothe wheel plane (4.1.1)

| axis system

)

axis system of the frame without the steering assembly

Esembly sprung part fixedwaxis system

axis system which«applies to the sprung part of the steering assembly and is parallel to
axis system (6:3.1) and has axes pointing in the same directions

ng part fixed axis system

assembly axis system which applies to the sprung part of the frame without the steering asse

b.1.1); the x-
the z-axis is

n order to differentiate between front and rear horizontal tyre axis systems, the indices “f” and “r" are yised.

Ave an origin

s and points

the steering

mbly

6.3.5

moped longitudinal plane

plane that

passes 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 moped
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6.4.2
geometrical ground contact axis

(Xgg)

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 moped

6.4.3
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 moped

6.4.4
angular orierftation of the moped
orientation of the moped axis system (6.1.2) with respect to the earth-fixed axis system (6.1:1) which |s given by
the following|sequence of three angular rotations starting from a condition in which the two sets-of axes @re initially
aligned:

O yaw rotgtion, ¥, about the aligned z- and Z-axis;
O pitch rotation, 6, about the moped y'-axis;
O roll rotatjon, @, about the moped x'-axis.

NOTE 1 Rofl rotations can also be considered about axes xgo, Xgg and xge.~Fhe respective angles will then be @, @yq and

Dye.

NOTE 2 Anpular rotations are positive if clockwise when looking in thepositive direction of the axis about which [the rotation
occurs.

6.4.5
rolling
banking

angular rotatlon of the moped or of the moped-rider-€ombination about the x'-axis or x'igs-axis respectively
NOTE Rofling can also be considered aboutthe axes xyo, Xgq and Xge, as defined in 6.4.5.1, 6.4.5.2 and 6.4.5.3.

6.4.5.1
conventionallrolling
rolling (6.4.3) about the xyo-axis

6.4.5.2
geometrical folling

rolling (6.4.3) about the Xgg-axis

6.4.5.3
effective rollipng
rolling (6.4.9) ahout the Xge-axis

6.4.6
pitching
angular rotation of the moped or of the moped-rider combination about the y'-axis or y'qg-axis respectively

6.4.7

yawing
angular rotation of the moped or of the moped-rider combination about the z-axis or z'qs-axis respectively

10


https://standardsiso.com/api/?name=efea9489eabccd22474b30643bf2bb9c

©1S0 ISO 14722:1998(E)

6.5 Moped masses and weight distribution

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

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

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

NOTE n cases where some of the masses of the propeller shaft, roller chain, suspension system, steering system, braking
system, et¢., constitute the sprung mass, such masses should be added to the corresponding massesZacg¢ording to the
structure oflthe moped.

6.5.3
unsprung mass
mass whigh corresponds to the difference between moped mass and sprung mass

6.5.4
weight disfribution ratio
percentage of weight distributed to each axle under well-defined loading canditions

6.6 Monlents of inertia

6.6.1
moment of inertia
|

sum of thg products of the elements of mass and the squares of their distances from an axis

NOTE This axis may be the axis that passes throughtthe centre of gravity of the moped, the assembly or the [component.
EXAMPLE Moments of inertia about the axes.of the moped axis system (6.1.2) are indicated by Iy, lyy @1 15
6.6.2

product of|inertia
sum of thg 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 ofiinertia about x'-axis and z'-axis is indicated by 1.

6.7 Motipn variables

6.7.1
pitch angl¢
0

angle formed between the x,-axis and the X-Y plane, which is positive when the x-axis is moving clockwise about

the Y-axis seen in the positive sense of the Y-axis

6.7.2
yaw angle
bd

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

11
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6.7.3
course angle
1%

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

6.7.4
moped sideslip angle

angle between the horizontal moped speed and the moped 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 betwegn the x'-z' plane and the x-zplane which is positive for a right turn (clockwise as_.seen by the fider)

NOTE Other roll angles can be considered as the angles formed by the plane through the)xy, or Xgq or xge-gxis and the
moped 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
conventionallroll angle
Dy
angle between the plane through the xgo-axis and the moped centrexof gravity, which is positive for g right turn
(clockwise a$ seen by the rider)

6.7.5.2
geometrical foll angle
Pgq
angle between the plane through the xgq4-axis and the-moped centre of gravity, which is positive for g right turn
(clockwise a$ seen by the rider)

6.7.5.3
effective roll pngle
Dyge
angle between the plane through the xge-axis and the moped centre of gravity, which is positive for g right turn
(clockwise a$ seen by the rider)

6.7.6
resultant roll gngles
angles formgd by the planes through either the Xgo Or Xgg Or Xge-axis and the moped-rider combination'$ centre of
gravity and the z-axis;~these are called respectively conventional (@gg res), geometrical (@gyq res) anfl effective
(Pge,res) resyltant force angle

6.7.7
Speed of the 'eefitre-of glavity
\"

velocity vector which has its origin at the centre of gravity of a component, an assembly or a moped

6.7.8

horizontal moped speed

Vh

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

12
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6.7.9
moped vel
%

ISO 14722:1998(E)

ocity

vector quantity expressing the velocity of a point in the moped 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 moped
axis system (6.1.2)

6.7.9.1

longitudinal velocity

Vy!

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

6.7.9.2
side veloc
Vy: _
magnitude

6.7.9.3
normal ve
Vy
magnitude

6.7.9.4
forward ve
Vx
magnitude
the x-axis

6.7.9.5
lateral velq
oo
magnitude
the y-axis

6.7.9.6
vertical ve
Vz
magnitude

6.7.9.7

roll velocit
bank veloq
(o}

angular ve

NOTE

ty

of the component of the velocity vector of a point in the moped in the y'-direction

ocity

of the component of the velocity vector of a point in the moped in the\z-direction

locity

of the component of the velocity vector of a point in the nmoped perpendicular to the y-axis &

city

of the component of the velocity vectorlof a point in the moped perpendicular to the x-axis 8

ocity

of the component of the,velocity vector of a point in the moped parallel to the z-axis
/
ity

locity about the x'-axis

Dther roll velocities can be considered as the angular velocities about either the Xgo or Xgg Or Xge-

defined in 6

nd parallel to

nd parallel to

\Xis, these are

7971,67972and6.79.73

6.7.9.7.1

conventional roll velocity

Dyo

angular velocity about the xgo-axis

6.7.9.7.2

geometrical roll velocity

Pyg

angular velocity about the xgg-axis

13
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6.7.9.7.3

effective roll velocity

Dye

angular velocity about the xge-axis

6.7.9.8

pitch velocity

o

angular velocity about the y'-axis

6.7.9.9

©1SO

yaw velocity
W
angular velog

6.7.10
acceleration
a

acceleration

6.7.11
moped accel
a

vector quanti
which the fo
system (6.1.

6.7.11.1
longitudinal
ay
magnitude of

6.7.11.2
side accelers

magnitude of

6.7.11.3
normal accel
ay
magnitude of

6.7.11.4
forward acce
ay
magnitude o

ity about the z-axis

vector of the centre of gravity

vector with its origin at the centre of gravity of a component, an assembly\or a moped

pration

lowing motion variables are components of this vector;yresolved with respect to the m
%)

cceleration

the component of the acceleration vector«of'a point in the moped in the X'-direction

tion

the component of the accelération vector of a point in the moped in the y'-direction

pration

the component.of the acceleration vector of a point in the moped in the Z-direction

eration

the ‘component of the acceleration vector of a point in the moped perpendicular to the

ty expressing the acceleration of a point in the moped relativelto the earth-fixed axis systenp (6.1.1) of

pped axis

y-axis and

parallel to th

6.7.11.5

roaa plane

lateral acceleration

magnitude of the component of the acceleration vector of a point in the moped perpendicular to the x-axis and
parallel to the road plane

6.7.11.6
vertical accel
az

eration

magnitude of the component of the acceleration vector of a point in the moped parallel to the z-axis
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6.7.11.7
centripetal

a

ISO 14722:1998(E)

acceleration

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

6.8 Forces

NOTE
6.5.1,6.5.2

6.8.1

and 6.5.3.

The external forces acting on the moped can be summed into one force vector F having the components defined in

Iongitudinil force

Fy
componen

6.8.2

side force
Fy-
componer

6.8.3
normal for,
Fy
componer

6.9 Mon

NOTE
defined in 6

6.9.1

pitch mom
My,
componer
looking in

6.9.2

yaw momg
M
componer
looking in

6.9.3
roll mome
bank mom

t of the force vector in the x'-direction

t of the force vector in the y'-direction

Ce
t of the force vector in the z-direction
ents

The external moments acting on the moped can be-Summed into one moment vector M having th
.9.1,6.9.2 and 6.9.3.

ent

t of the moment vector tending to rotate the moped about the y'-axis, which is positive if clo
he positive direction of the y'<aXis

Nt

t of the moment-vector tending to rotate the moped about the z-axis, which is positive if clg

he positive difection of the z-axis

L
ent

e components

ckwise when

ckwise when

My

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

NOTE

either the Xgo OF Xgg 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

Myxgo

Other roll moments can be considered as the components of the moment vector tending to rotate the moped about

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

15


https://standardsiso.com/api/?name=efea9489eabccd22474b30643bf2bb9c

ISO 14722:1998(E)

6.9.3.2

geometrical roll moment

Mxgg

©1SO

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

6.9.3.3

effective roll moment

Myxge

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

7 Directio

7.1 Contro

711
roll control

control madg

7.1.2
directional cq
control made
value

NOTE1 Fo
NOTE2 In
NOTE3 In
7.2 Contro
7.2.1

steering posi

nal dynamics

S

by the rider in order to maintain, or to change, the roll angle (6.7.5) ©f the moped to an inte

ntrol
by the rider in order to maintain, or to change, the coursée.angle (6.7.3) of the moped to a

the controls of mopeds, 7.1.1 and 7.1.2 are correlated and should not be treated separately.
he related International Standard for automobiles, c@ntrol is clearly understood as “directional control’
he case of a moped the roll angle is to be contrelled mainly to determine the direction.

modes

lion control

mode of m@ped control wherein inputs’ or restraints are placed upon the steering system in th

ded value

h intended

e form of

of forces,

displacements at some control pointin.the steering system, independent from the force required

7.2.2

force control

mode of moped control . wherein inputs or restraints are placed upon the steering system in the form
independent [from the displacement required

7.2.3

rider lean control

mode of mopetdcontrotwhereiminputs orrestraintsare ptaceduponthe-moped-frameimthefornrof rider
independent from the steering control

7.2.4

free control

mode of moped control wherein no inputs or restraints are placed upon the moped by the rider

NOTE

7.2.5
fixed control

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

ean angle

mode of moped 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

16
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7.2.6
open loop

ISO 14722:1998(E)

procedures to describe the performance of a moped without any control influence of the rider

NOTE

7.2.7
closed loo

This mode is only possible with a riding machine.

p

procedures to describe the moped-rider system with respect to any kind of rider control

7.2.8

steering
inputs to
combinatig

7.2.9
handling
response

7.3 Mop

Moped reg

7.3.1
steering re

motion of {he moped or the moped-rider combination resulting from*the input to the steering assembly

7.3.2
rider lean

motion of the moped or the moped-rider combination resulting from the input by the rider lean control

7.3.3
disturbang

motion of
the moped

7.3.4
steady sta
conditions
inputs do
state resp

NOTE
in a turn of

7.3.5

A moped by means of either the position control, the force control or the rider lean.'co
n thereof

bf the moped to the rider's input in order to follow an intended change in the celrse
bd response

ponse is defined by the following terms or a combination thereof;

sponse

esponse

e response
he moped or the moped-rider comhbination resulting from external force or displacement inp
and/or the rider

te conditions

under which periodic-(or constant) moped responses to periodic (or constant) control and/o
hot change over_am arbitrarily long time; the motion responses in steady state are referred
bnses

This definition does not require the moped to be operated in a straight line or on a level road. For exa
constant-radius or on a cambered road.

ntrol, or any

its applied to

I disturbance
to as steady

mple, it can be

transient

tate

state where the motion responses, the external forces relative to the moped or the control positions are changing

with time

7.3.6
trim

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

7.3.7

steady state response
response under steady state conditions

17
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7.3.8
steady state

response gain

©1SO

ratio of change in the steady state response (7.3.7) of any motion variable with respect to change in input at a

given trim

7.3.9

transient response
response under transient state

7.3.10

yaw response

moped motig

7.3.11
roll response

moped motio

7.3.12
steering angl|
rotation of st

7.3.13
steering torq
steering torq
moped

7.3.14
steering sens
control gain

n related with yaw rotation resulting from an internal or external input to the moped

n related with roll rotation resulting from an internal or external input to the moped

e response
bering assembly resulting from an internal or external input to the moped

e response

itivity

change in laferal acceleration during cornering on a levelkroad with respect to the change in the steerin

the steering

7.3.15
road surface

orque at a given trim

irregularity sensitivity

disturbance flesponse of the moped resulting\from an input caused by road surface disturbances

7.3.16
side wind se

hsitivity

disturbance flesponse of the moped resulting from an input caused by a variation of wind forces

7.3.17

frequency re
steady state
phase chara

sponse
response of‘'the moped against any periodical input, from which the output gain against the
teristicS;can be obtained

7.4 Steerp

le formed by the forces exerted on the rider's arms resulting from an internal or external input to the

g angle or

input and

roperties

7.4.1
neutral steer

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

7.4.2
understeer

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

7.4.3
oversteer

property of a moped where the steer angle is smaller than the theoretical steer angle under which no side slip

angles occur

18
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7.5 Stability

751

asymptotic stability

state of stability at a prescribed trim where, for any small temporary change in disturbance or control input, the
moped motion variables approach the values aimed at by the trim

7.5.2
neutral stability

state of stability at a prescribed trim, for any small temporary change in disturbance or control input, the resulting
motion variables of the moped remain close to, but do not approach, the values aimed at by the trim

7.5.3
divergent Instability

state of irstability at a prescribed trim where any small temporary disturbance or controlinput cafises an ever
increasing|value of the moped variables

NOTE The states defined in 7.5.1, 7.5.2 and 7.5.3 can be reproduced by oscillations for which:
O in7.5.[, the amplitude of the oscillation is decreasing;
O in7.5.p, the amplitude of the oscillation is constant;

O in7.5.B, the amplitude of the oscillation is increasing.

8 Mopefl motion characteristics

8.1
maximum [lateral acceleration

maximum | value of lateral acceleration that may‘be obtained when the moped-rider combinatign is making
curvilinear motions

8.2
maximum [centripetal acceleration

maximum |value of centripetal accelération that may be obtained when the moped-rider combinatipn is making
curvilinear motions

8.3
minimum $peed

lowest spded that allowsa:moped-rider combination to run stably in the straight forward direction

8.4
maximum Jroll angle

maximum |obtainable value of roll angle of a moped-rider combination under steady state cornering until the tyres

such a way

8.5
skid
situation where the entire tyre contact tread is sliding relative to the pavement surface
8.6

spin out
sudden increases in the yaw rate and rear tyre slip angle (5.1.5) and decrease in the turning radius
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8.7
drift out

sudden increases in the turning radius and the front tyre slip angle (5.1.5) and decrease in the yaw rate

8.8
tuck-in
transient roll phenomenon that occurs when the rider closes the throttle or declutches when the moped 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 towards a direction that
may reduce fhe turning radius of the moped while turning

8.10
hydroplaning
phenomenor] of a sudden decrease in the friction between the tyres and the wet road)sGrface due to the
hydrodynamic effect

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

8.12
bounce

oscillatory metion of the sprung mass where each point of the sprung mass moves primarily along a vertical line

8.13
pitch
motion of thg sprung mass where each point of the sprung@ass moves primarily on a circular path abgut an axis
which is pardllel to the moped y-axis

8.14
wave

normally occpirring combination of bounce and pitch

8.15
weave

combined rolf and yaw motion of thé moped which is generally well-damped with a natural frequency in the range of
about 1 Hz tg 4 Hz, depending onSpeed, moped, component properties, etc.

NOTE It i$ oscillatory and«can even become unstable for some operating conditions or moped-rider combinatiorfs

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, ridgr coupling
behaviour, etc.

NOTE It is oscillatory and can even become unstable for some operating conditions or moped-rider combinations

8.17

capsize

steady state tendency of the moped-rider combination to roll from the upright position until the rider makes a roll or
steer input as correction

8.18
twist
torsional vibration of the frame
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8.19
cornering weave
combined pitch, 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 moped is driven in too high a gear, with low
revolution$ of the engine

NOTE n this case an oscillating longitudinal acceleration is occurring instead of a constant moped spéed:

9 Aerodynamic characteristics of the moped-rider combination

In the following definitions the steer angle (3.1.2) is zero.
9.1 Winds

9.11
steady wind
wind havirjg a flow speed and a direction which do not change according to time (substantially laminar)

9.1.2
unsteady Wind
wind havinjg a flow speed up to a maximum of 10 m/s in.difference between maximum and minimum values of wind
speed as easured for 10 min

9.1.3
gust of wind
wind havirjg a flow speed of more than 10 m/sS’in difference between maximum and minimum values df wind speed
as measuted 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 Figure 4.

9.2.2
ambient wind-angle
angle formed between the X-axis of the earth-fixed axis system (6.1.1) and the projection of the wind velocity onto
the road plane

See Figure 4.
9.2.3
resultant wind velocity

vector difference between the velocity of the wind and the velocity of the centre of gravity of the moped-rider
combination

See Figure 4.
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9.24

aerodynamic sideslip angle

angle formed between the projection of the x'-axis of the moped axis system (6.1.2) and the resultant wind velocity
onto the road plane

See Figure 4.

9.25
aerodynamic angle of attack

angle formed between the x'-axis of the moped axis system (6.1.2) and the projection of the resultant 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 moped longitudinal plane

9.2.7
frontal projedted area

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

9.2.8
standard atnosphere

atmosphere |having a density of 1,225 kg/m3 and a coefficient of ¢kinematic viscosity of 1,466 x 10-5mZ2/s at a
temperature pf 288 K (15 °C) and an atmospheric pressure of 101 325 kPa (1 atm)

9.3 Aerodyjnamic forces, moments and coefficients

9.3.1
components fof aerodynamic forces and moments
forces and moments acting on the moped-rider-combination in an air stream as divided into six components in
relation to th¢ axis system

9.3.2
drag
x'-componen} of the forces acting on-the’moped-rider combination in an air stream

9.3.3
drag coefficignt

value obtaingd by dividing(the drag (9.3.2) by the product of the dynamic pressure and the frontal projé¢cted area
(9.2.7)

9.34
lateral force
y'-componentof the forces :mting onthe mnpprl_rirlor combination in an air stream

9.35
lateral force coefficient

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

9.3.6
lift
z-component of the forces acting on the moped-rider combination in an air stream
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9.3.7
lift coefficient

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

9.3.8
aerodynamic roll moment

moment about the x'-axis caused by the aerodynamic forces acting on the moped-rider combination

9.3.9
aerodynamic roll moment coefficient

value obtained 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 wheelbase is usually employed as the standard length.

9.3.10
aerodynaric pitch moment

moment about the y'-axis caused by the aerodynamic forces acting on the moped-rider'edombination

9.3.11
aerodynaric pitch moment coefficient

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

NOTE The wheelbase is usually employed as the standard length.

9.3.12
aerodynarpic yaw moment
moment apout the z-axis caused by the aerodynamic forces:acting on the moped-rider combination

9.3.13
aerodynarpic yaw moment coefficient

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

NOTE The wheelbase is usually employed as the standard length.

10 Riding postures and hehaviours

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

10.1
normal pokition
condition iph which the rider puts his hands on the handlebar and his feet on the footrests or platform wjith his centre

of gravity intHe-mopedlongitudinalplane

NOTE This position can differ according to the speed, riding time, moped specifications and human physical 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 his upper torso to the maximum inclination of the upper
torso
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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

©1SO

condition in which the rider's centre of gravity is placed out of the moped longitudinal plane towards the centre of the

curve

10.6
lean out

condition in
side of the cé

10.7
lean with

condition in

11 Tests

11.1 Const

11.1.1
straight forw

test to eval
characteristig

11.1.2

braking stabi
tests to eval
forward runn

NOTE
this test.

Lal

11.1.3
power on/off

tests to evall
through the g

11.1.4

steady state
tests to eval
centripetal a

l

vhich the riders centre of gravity is placed out of the moped longitudinal plane towards_ih
ntre of the curve

hich the rider's centre of gravity is in the moped longitudinal plane during cornering

ant environment influence

rd running stability test
ate the response to a certain input to the moped:rider combination by the kinematig
s when running straight forward at a constant speed

ity and handling tests
uate the stability and/or the handling. of the moped-rider combination while braking und
ng or cornering conditions

eral displacement of the moped, yaw.angular velocity, etc. may be considered as characteristics for ¢

tests
ate the stability and/or' handling of the moped-rider combination during accelerations and de
peration of the threttle grip while running in a straight or while cornering

Circular tests
Liate steering torque characteristics, steering angle characteristics, rolling characteristics,
celeration, etc. by stepwise changing the centripetal acceleration

P opposite

damping

er straight

valuation in

Celerations

maximum

NOTE
kept constant

11.1.5
obstacle avo

and the other is under the condition that the moped speed is kept constant.

idance test

To vary the centripetal acceleration, there are two methods: one is under the condition that the radius of the circle is

closed loop test to evaluate the transient characteristics of the moped-rider combination and the performance to
avoid traffic accidents when the rider changes the moped course to avoid obstacles in front of the moped while it is
running straight forward at constant speed

NOTE
test.
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