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Insert a new annex 5, to read:

"Annex 5
ROLLOVER OF FULL SCALE VEHI CLE AS THE BASI C APPROVAL TEST METHOD
1. The tilting test bench

1.1. The tilting platformshall be rigid enough and rotated so that the
simultaneous lifting of the axles of the vehicle shall be ensured. No
bi gger difference than 1° is allowed between the tilting angle of the
pl at f orm bel ow each axl e.

1.2. The hei ght difference between the horizontal |ower plane of the ditch
(see figure Al.) and the plane of the tilting platformon which the

bus is standing, shall be 800 + 20 nm

1.3. The tilting platform related to the ditch, shall be placed as foll ows
(see figure Al.):

1.3.1. the axis of its rotation is nmax 100 mmfromthe vertical wall of the
ditch;
1.3.2. the axis of the rotation is max 100 mm bel ow t he plane of the

hori zontal tilting platform

1.4. VWheel supports shall be applied at the wheels being close to the axis
of rotation against sliding of the vehicle sideways when tilting it.
The main consi derations of wheel supports shall be (see figure Al).

1.4.1. di mensi ons of one wheel support:
Hei ght 80 mMm
W dt h 20 mm

Edge radius 10 nm
Length min. 500 nm

1.4.2. the wheel supports at the wi dest axle shall be placed on the tilting
platformso that the side of the tyre fromthe axis of rotation
is 20 mm

1.4.3. the wheel supports at the further axles shall be adjusted so that the
| ongi tudi nal axis of the vehicle shall be parallel to the axis of
rotation;

1.5. Means shall be provided on the tilting platformto prevent the vehicle

nmoving along its |ongitudinal axis

1.6. The inpact area of the ditch shall have a horizontal, uniformconcrete
surface
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Preparation of tested vehicle

The vehicle to be tested need not be in a fully finished, "ready for
operation” condition. Any alteration fromthe fully finished
condition is acceptable if the basic feature and behavi our of the
superstructure is not influenced by it. The test vehicle shall be the
same as its fully finished version in respect of the follow ng:

the position of the centre of gravity, the value of unladen kerb nmass
and the distribution and |ocation of masses as declared by the
manuf act urer;

all of those el enents which, at the manufacturer’s discretion,
contribute to the strength of the superstructure shall be installed in

their original position (see annex [X;] to this Regul ation);

el ements, which do not contribute to the strength of the
superstructure and they have too great value for damage (e.g. drive
chain, dashboard instrunentation, driver’'s seat, kitchen equipnent,
toilet equipnent, etc.) can be replaced by additional elenments being
equi val ent in mass and the way of installation. These additiona

el ements must not have reinforcing effect on the strength of the
superstructure;

fuel, battery acid and other conbustible, explosive or corrosive
materials may be substituted by other materials provided that the
conditions of paragraph 2.1.1. are net.

The test vehicle shall be prepared as foll ows:

tyres shall be inflated to the pressure prescribed by the
manuf act urer;

all axles of the vehicle, the spring and suspension system shall be
fixed. The floor of the vehicle shall be horizontal on the horizonta
tilting platform the floor height shall be according to the
manuf act urer specification for unladen vehicle;

every door and openi ng wi ndow of the vehicle shall be closed but not
| ocked.

If the rigid section of an articulated vehicle is tested, which has
only one axle, the artificial support, applied at the articul ated

hi nge (see paragraphs 5.6.1. and 5.6.2. of the Regulation) shall neet
the follow ng requirenments

it shall be fixed to the structure on a way that it nust not cause
either reinforcenent or extra additional |oad to the superstructure

it shall be strong (rigid) enough that during the tilting and the
roll over process it nmust not get any deformati on which could change
the direction of the rollover of the vehicle

its mass shall be equal to the mass of those elements, parts of the
articulated joint, which nomnally belong to the tested vehicle part,
but which are not placed on it (e.g. turntable and its fl oor,
handhol ds, rubber boots, etc.)
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4.

its centre of gravity shall have the sane height as the common centre
of gravity of those parts which are nentioned in paragraph 2.3.3.

Test procedure, test process

The rollover test is a very rapid, dynam c process in tinme having
di stingui shabl e stages, which are described in the appendi x. These
shoul d be taken into consideration when a rollover test and its
instrunentation, the neasurenents are pl anned.

The vehicle shall be tilted w thout rocking and w thout dynam c
effects until its rolls over. The angular velocity shall not exceed
5 degrees per second (0,087 rad/sec).

For inside observation hi gh-speed photography, video, deformable

tenpl ates, electrical contact sensors or other suitable neans shall be
used to deternine that the requirenents of paragraph 5.1. in the main
text of this Regulation have been net. This shall be verified at any
pl ace of the passenger conpartnent where the residual space seens to
be endangered, the exact positions being at the direction of the
techni cal service. At least two positions, nonminally at the front and
rear of the passenger conpartnment shall be used.

Qut si de observation and certification of the rollover and deformation
process is recommended, which neans the foll ow ng:

two high-speed caneras - one fromthe front and another fromthe
back - are reconmmended to be used. They shall be | ocated:

- far enough fromthe front and rear wall of the vehicle to avoid the
distortion of the picture (to produce nmeasurabl e picture)

- in the range of the shaded area shown on figure A2/a.

at least the position of the centre of gravity and the contour of the
superstructure (see figure A2/b) is recommended to be marked by
stripes and bands to ensure correct neasurenents on the pictures.

Docunent ati on of the rollover test

Det ai | ed description of the tested vehicle shall be given by the
manuf acturer in which:

all the deviations between the fully finished, ready for operation
vehicle type and the tested vehicle are |isted.

the equival ent substitution (in respect of mmss, mmss distribution and
installation) shall be proved in every case, when structural parts,
units are substituted by other units or nmasses.

a statenment is needed about the position of centre of gravity in the
tested vehicle which may be based on

- measurenment carried out on the vehicle to be tested when it is
ready for test
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- conbination of neasurenent (carried out on the fully finished
vehicle type) and cal cul ati on based on the nmass substitutions.

The test report shall contain all the data, information (pictures,
records, draw ngs, neasured val ues, etc.) which shows:

that test was carried out according to this annex;

that the requirements of paragraphs 5.1.1. and 5.1.2. of this
Regul ation are net (or not);

the individual evaluation of inside observations;

all the data and information needed for the identification of the
vehicle type, the tested vehicle, the test itself and the person
responsi ble for the test and its evaluation

It is recoomended to docunent in the test report the centre of
gravity’'-s highest and | owest position related to the ground | evel of
the ditch.
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Annex 5, Appendix 1

THE ROLLOVER TEST AS A Tl ME- DEPENDENT DYNAM C PROCESS

The rollover test as a tinme process can be described by different
stages belonging to certain nonents or time ranges. In every stage at
| east the follow ng characteristics shall be considered:

- the notion of the vehicle, as a rigid body or rigid parts of the
def ormabl e superstructure (kinematics)

- the acting and reacting (supporting) dynam c forces on the vehicle
(kinetics)

- the energy bal ance, considering all kinds of energies and nechanica
wor ks bel onging to the process

- deformation process related to the operation of plastic zones and
pl asti c hi nges

The following main stages of the rollover process may be detern ned
and di stingui shed

(a) Starting position (t=0).
Unstabl e situation, the vehicle is standing on its one-side
wheel s, no notion. The centre of gravity is in the highest
position which represents a certain potential energy (see figure
Al Al-a).

(b) Rigid body-like rotation (0 <t <1t,).
Rol I over around the longitudinal axis (0;) determ ned by the whee
supporting points. The |ower and upper part of the vehicle is
movi ng together. The force of gravitation generates increasing
angul ar velocity, the height of centre of gravity is decreasing,
the potential energy is transforned into kinetic energy.

(c) Cantrail collision with the ground (t,).
The vehicle hits the ground, new dynanmi c supporting (reaction)
force is built up alongside the cantrail (0;) where |oca
deformation occurs, and the ground al so absorbs certain energy.
The notion of the roof (upper part of the vehicle) is slowed down
(see figure A/ Al-C).

(d) Main structural deformation ( t; <t < t5y).
There is no nore rigid body |like motion. The |ower and upper
part of the vehicle behave differently. The plastic zones and
hi nges are working, producing |arge scale plastic deformation and
distortion of the upper part. The |lower part continues the
rotation around the axis (0;). The centre of gravity's height is
decreasi ng which creates further kinetic energy. Supporting
forces are acting at (0;) and (0;). The cantrail slides on the
ground whi ch absorbs a certain amount of kinetic energy as
friction work.
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(e)

(f)

(9)

(h)

(i)

(1)

Waistrail collision with the ground (ty).

If the superstructure is not so strong that the structura
deformation stops in the previous stage, the waistrail also hits
t he ground, where some |ocal deformations may occur. The upper
part of the vehicle is al st stopped in motion. A new dynam c
supporting force is created at the waistrail (03) while the
supporting force at (0;) is decreasing to zero (see figure A/ Al-
e).

Addi tional structural deformation (t, <t < tg).

The plastic hinges work further, the deformation of the upper
part of the superstructure is continuing. The lower rigid part
of the vehicle continues the rotation, but around a new axis (03)
and the centre of gravity can go upwards. Dynanic nass forces
are acting having horizontal conmponents which can cause the
sliding of the vehicle on the ground, friction work absorbs
energy.

Critical structural deformation (tg).

The mass and reaction forces cannot overcone the resistance of

pl astic hinges anymore, the plastic hinges stop working. This is
the nonent of the critical (maxinmum deformtion containing both
elastic and plastic deformations. This is the nonent in which

t he requirenent of the unharmed residual space shall be checked
and proved. This is also an unstable position of the vehicle in
respect of its notion (see figure A/ Al-Q).

End of the structural deformation (t,).

The el astic deformations spring back, only the permnent
deformations remain in the structure. The structural
deformation, the danger of the residual space is smaller in the
monent t4 than in tas.

Further notion of the vehicle (t4<t <tg).

The notion of the vehicle in this phase is rigid-body-1ike again.
This is a swinging rotation around the axis (03) until the fina
stabl e position of the vehicle. The kinetic energy is absorbed
by friction work, l[ocal deformations and by other energy

di ssipation. This phase of the rollover process is not
significant fromthe point of view of approval, but it has a
great inportance in the energy balance of the rollover process.

End position (ts) Stable position.

The whole vehicle with the deformed superstructure - and all its
parts and conmponents - rests upon the ground of the ditch, no
nore notion, the centre of gravity of the vehicle is inits

| owest position.

The energy bal ance of the rollover process is shown on figure A/ A2.
This is also a tinme dependent process, and studying it at |east the
foll owi ng conponents shall be considered:

- potential energy (E;) determined by the mass and centre of gravity’'s
hei ght of the vehicle as a rigid body or rigid parts of the
def or mabl e superstructure,
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ki netic energy (E«) determ ned by the nmass and (angul ar) velocity of
the vehicle as a rigid body or rigid parts of the deformable
superstructure

deformation work (W, as the result of the operation of plastic
zones and hinges, including plastic and el astic defornmations too,
energy absorbed by | ocal deformations (W) due to the small |oca
def ormations, fractures in the structures, which does not influence
the main deformation and distortion of the superstructure, does not
endanger the residual space,

friction work (W) due to the slips of the vehicle on the ground
surface of the ditch in different stages of the process,

energy absorbed by the ground (W) deformation and oscillation when
the vehicle hits, contacts the horizontal surface of the ditch
energy dissipation (W) by sound, by oscillation of the parts,
conmponents of the vehicle, etc.
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