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SCOPE
ThisRegulation appliesto sngle- deck rigid or articulated vehiclesdesigned and congtructed for
the carriage of more than 22 passengers, whether seated or standing, in addition to the driver
and crew.
TERMS AND DEFINITIONS

For the purposes of this Regulation, the following terms and definitions are used:

Units of messurement

The units of measurement shal be:

Dimensons and linear distances metres (m) or millimetres (mm)
Mass or load kilograms (kg)

Force (and weight) Newtons (N)

Momert N ewton metres (Nm)

Energy Joules (J)

Gravitationa constant 9.81 (m/s)

"Vehide" meansabus or coach designed and equipped for transportation of passengers. The
vehidleisanindividud representative of avehicle type.

"Vehicle type" means a category of vehicles produced with the same design technica
specification, main dimensions and congructiond arrangement.  The vehicle type shdl be
defined by the veticle manufacturer.

" Family of vehidetypes' meansthosevehicletypes, proposed in future aswel asexisting now,
which are covered by the approva of the worst case, in respect of this Regulation.

"Worst case' means the vehicle type, anongagroup of vehicletypes, least likely to withstand
the requirements of this Regulation in respect of the strength of superstructure. The three
parameters which define the worst case are: structurd strength, reference energy and the
resdua space.

"Approvd of a vehicle type' means the whole officid process in which the vehicdle type is
checked and tested to prove that it meets al the requirements specified in this Regulation.
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2.7.

2.8.

2.9.

2.10.

211

2.12.

2.13.

2.14.

2.15.

2.16.

2.17.

"Extension of gpprova" meanstheofficia processinwhich a modified vehicdetypeisapproved
on the basis of an earlier gpproved vehicle type, by comparison of structure, potential energy
and residua space criteria.

"Articulated vehide" means a vehicle which conssts of two or more rigid sections which
articulate to one another, the passenger compartments of each section intercommunicate so that
passengers can movefredy between them; the rigid sections are permanently connected so that
they can only be separated by an operation involving facilitieswhic harenormaly only foundina
workshop.

"Passenger compartment” means the space intended for passengers use excluding any space
occupied by fixed appliances such as bars, kitchenettes or toilets.

"Driver's compartment” means the space intended for the driver'sexclusive use and containing
the driver's seat, the steering whed, controls, instruments and other devices necessary for
driving the vehicle.

"Occupant restraint” means any device which connects a passenger, driver or crew member to
his seet, during arollover.

"Verticd longituding centra plane” (VLCP) meansthevertica plane which passesthrough the
mid-points of the front axle track and the rear axle track.

"Residual _space” means a space to be preserved n the passengers, crew and driver's
compartment(s) to provide better surviva possibility for passengers, driver and crew in case of
arollover accident.

"Unladen kerb mass' (M) means the mass of the vehicle in running order, unoccupied and
unladen but with the addition of 75 kg for the mass of the driver, the massof fuel corresponding
to 90 per cent of the capacity of the fud tank specified by the manufacturer, and the masses of
coolant, lubricant, tools and spare whed, if any.

"Total occupant mass” (M ,,,) means the combined mass of any passengers, crew who occupy
sedts fitted with occupant restraints.

"Totd effectivevehiclemass' (M,) meansthe unladen kerb mass of the vehicle (M, ) combined
withtheportion (k = 0.5), of thetotal occupant mass(M ), considered to berigidly atached to
thevehide

"Individual occupant mass' (M) meansthe massof anindividua occupant. Thevaueof this
massis 68 kg.
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"Reference energy” (Ez) means the potentid energy of the vehicle type to be approved,
measured inrelation to the horizontal lower leve of theditch, at the starting, unstable position of
the rollover process.

"Rollover test on acomplete vehicle™ meansatest on acomplete, full- scale vehicleto provethe
required strength of the superstructure,

"Tilting bench" means atechnica device, an arrangement of tilting platform, ditch and concrete
ground surface, used in the rollover testing of a complete vehicle or body sections.

"Tilting platform’ means arigid plane which can be rotated around a horizontal axisin order to
tilt a complete vehicle or body section.

"Body work" means the complete structure of the vehicle in running order, induding dl the
structura dements which form the passenger compartment, driver's compartment, baggage
compartment and spaces for the mechanical units and components.

"Superstructure’ means the load-bearing components of the bodywork as defined by the
meanufacturer, containing those coherent parts and éements which contribute to the strength and
energy absorbing capability of the bodywork, and preserve the residua space in the rollover
test.

"Bay" meansastructural section of the superstructure forming a.closed |oop betweentwoplanes
which are perpendicular to the verticd longitudind centrd plane of the vehice
A bay contains one window (or door) pillar on each side of the vehicle as well as side wall
elements, a section of the roof structure and a section of the floor and underfloor structure.

"Body section” meansastructura unit, which represents one part of the superstructure for the
purposes of an approval test. A body section contains at least two bays connected by
representative connecting € ements (side, roof, and underfloor, structures).

"Origind body section” means abody section composed of two or more bays of exactly the
sameform and relive pogtion, asthey gopear in the actud vehicle. All connecting eements
between the bays are dso arranged exactly as they gppear in the actud vehicle.

"Artificid body section" means abody section built up from two or more bays but not in the
same pogition, nor at the same distance from each other asin the actua vehicle. The connecting
elements between these bays need not be identical with the real body work structure but shall
be sructurdly equivaent.
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2.28.

2.29.

2.30.

231

2.32.

3.1

3.2.

3.2.1

3211

3.2.1.2.

3.2.13.

"Rigid pat" meansadtructura part or element which does not have significant deformation and
energy absorption during the rollover test.

"Pladtic zone' (PZ) meansaspecid geometricdly limited part of the superstructureinwhich, as
the result of dynamic, impact forces

- large scale plagtic deformations are concentrated

- essentid digtortion of the origind shape (crass section, length, or other geometry) occurs
- lossof gahility occurs, asaresult of loca buckling,

- kinetic energy is absorbed due to deformation.

"Plagtic hinge" (PH) means a smple plastic zone formed on a rod-like dement (sngle tube,
window column, €tc).

"Cantral" means the longitudina structural part of the bodywork above the sde windows
including the curved trangtion to the roof structures. In the rollover test the cantral hits the
ground firgt.

"Waidral" meansthe longitudina structurd part of the bodywork below the side windows. In
the rollover test the waidtraill may be the second area to contact the ground after initial
deformation of the vehicle cross section.

APPLICATION FOR APPROVAL

Theapplication for gpprova of avehicletype with regard to the strength of its superstructure
shdl be submitted by the vehicle manufacturer or by his duly accredited representetive to the
Adminigretive Department.

It shal be accompanied by three copies of each of the undermentioned documents and by the
following particulars

The main identifying data and parameters of the vehicle type, or group of vehicle types,

Generd layout drawings of the vehicle type, itsbodywork and itsinterior arrangement with the
main dimensons. Seats which have passenger redtraints shdl be clearly marked and their
positionsin the vehicle shal be accurately dimensioned;

The unladen kerb mass of the vehicle, and the associated axle loads;
The exact pogtion of the unladen vehicles centre of gravity together with the measuring report.

To determinethe centre of gravity position the measuring and ca culation methods described in
Annex 3 shdl be used;
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Thetota effective vehicle mass, and the associated axle loads.

Theexact pogtion of the centre of gravity of thetota effectivemassof thevehicle, together with
the measuring report. To determine the centre of gravity position, the measuring and cdculaion
methods described in Annex 3 shdl be used.

All the data and information which are needed to evauate the worst case criteriainagroup of
vehicletypes

The value of reference energy (Eg) which isthe product of the vehicle mass (M), the gravity
congant (g) and the height (h,) of centre of gravity with the vehicle in its unstable equilibrium
position when starting the rollover test (see figure 3)

E,=Mgh, = M.ggo.8+1/h§ +(B it)zg

where:

M = M, theunladen kerb mass of the vehicle typeif there are no occupant restraints,
or,
M, totd effective vehicle mass when occupant restraints are fitted, and

M, = Mg+kM,, wherek=0.5

hy, =  thehdgnt (in metres) of the vehide centre of gravity for the value of mass (M)
chosen

t =  pependicular digance (in metreg of the vehide centre of gravity from its
longitudind verticd centrd plane.

B = pependicular distance (in metres) of thevehicdeslongituding vertica centra plane
to the axis of rotation in the rollover test

g = gavitdiond congtant

h, = theheght(in metres) of thevehidecentreof gravity initsgtarting, unstableposition

related to the horizonta lower plane of the ditch

Drawings and detailed description of the superstructure of the vehicle type or group of vehicle
types according to Annex 4.

Detailed drawingsof the residua space according to paragraph 5.2. for every vehicletypeto be
approved.

Further detailed documentation, parameters, data depending on the approva test method
chosen by the manufacturer, asdetailed in Annex 5, Annex 6, Annex 7, Annex 8 and Annex 9.
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3.2.4.

3.3.

3.4.

4.1.

4.2.

4.3.

4.4.

In case of an articulated vehidle, dl of thisinformation shall be given separately for each section
of the vehicle type, except for paragraph 3.2.1.1. which isrelated to the complete vehicle.

On request of the technica serviceacompletevehicle (or onevehiclefrom each vehicletype, if
approvd isrequested for agroup of vehicletypes) shal be presented to check itsunladen kerb
meass, axle loads, position of the centre of gravity and dl other dataand information which are
relevant to the strength of supersiructure.

According to the gpprova test method chosen by the manufacturer, gppropriatetest piecesshall
be submitted to the technica service upon itsrequest. The arrangement and number of these
test pieces shdl be agreed with the technica service. In case of test pieces which have been
tested earlier, the test reports shal be submitted.

APPROVAL

If the vehicletype or group of vehicletypes submitted for gpprova to this Regulation meetsthe
requirements of paragraph 5. below, gpprova of that vehicle type shdl be granted.

An gpprova number shall be assigned to each vehicle type approved. Itsfirst two digits (at
present 01 corresponding to the 01 series of amendments) shdl indicate the series of
amendmentsincorporating the most recent mgjor technica amendments madeto the Regulation
a the time of issue of the gpprova. The same Contracting Party shal not assign the same
number to ancther vehicle type.

Notice of gpprova or of refusa or extenson of gpproval of a vehicle type pursuant to this
Regulation shal be communicated to the Parties to the Agreement which apply this Regulation,
by means of a communication form (see Annex 1) and of drawings and diagrams supplied by
the applicant for gpprovd, in a forma agreed between the manufacturer and the technical
service. Paper documentation shall be foldable to A4 (210 mm x 297 mm) format

There shdl beaffixed, conspicuoudy and in areadily accessible place specified on theapprova
form, to every vehicle conforming to a vehicle type approved under this Regulation an
international approva mark consgting of:
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4.4.1. adrdesurrounding theletter "E" followed by the distinguishing number of the country which has
granted approva; 1/

4.4.2. the number of thisRegulation, followed by theletter "R", adash and the approva number tothe
right of the circle prescribed in paragraph 4.4.1.

4.5. The gpprova mark shdl be clearly legible and be inddible.

4.6. The gpprovd mark shdl be placed close to or on the vehicle data plate affixed by the
manufacturer.

4.7. Annex 2 to this Regulation gives an example of the gpprova mark.

5 GENERAL SPECIFICATIONS AND REQUIREMENTS

5.1. Regquirements

The superstructure of the vehicle shal have the sufficient strength to ensure that the residua
Space during and after the rollover test on complete vehide is unharmed. That means.

511 No part of the vehicle which is outsde the resdud space at the start of the tet (eg.
pillars, safety rings, luggage racks) shdl intrude into the resdud space during the tedt.

1 1 for Germany, 2 for France, 3 for Italy, 4 for the Netherlands, 5for Sweden, 6for Begium,
7 for Hungary, 8for the Czech Republic, 9for Spain, 10 for Serbia and Montenegro, 11 for the United
Kingdom, 12 for Ausdtria, 13 for Luxembourg, 14 for Switzerland, 15 (vacant), 16 for Norway, 17 for
Finland, 18for Denmark, 19 for Romania, 20for Poland, 21 for Portugal, 22for the Russan
Federation, 23for Greece, 24 for Irdand, 25 for Croatia, 26 for Sovenia, 27 for Slovakia, 28 for
Bdarus, 29 for Estonia, 30 (vacant), 31 for Bosnia and Herzegovina, 32 for Latvia, 33 (vacant), 34 for
Bulgaria, 35 (vacant), 36 for Lithuania, 37 for Turkey, 38 (vacant), 39 for Azerbajan, 40 for The
former Yugodav Republic of Macedonia, 41 (vacant), 42 for the European Community (Approvas are
granted by its Member States using their respective ECE symbol), 43for Japan, 44 (vacant), 45 for
Augtrdia, 46 for Ukraine, 47 for South Africa, 48 for New Zedland, 49 for Cyprus, 50 for Mata and
51 for the Republic of Korea. Subsequent numbers shdl be assigned to other countries in the
chronologicd order in which they ratify or accede to the Agreement Concerning the Adoption of
Uniform Technicd Prescriptions for Wheded Vehicles, Equipment and Parts which can be Fitted
and/or be Used on Wheded Vehicles and the Conditions for Reciprocd Recognition of Approvas
Granted on the Basis of these Prescriptions, and the numbers thus assgned shdl be communicated by
the Secretary- Generd of the United Nations to the Contracting Parties to the Agreement.
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5.1.2

5.2.

521.

Any structurd parts, which areoriginadly intheresidud space (eg. vertica handholds, partitions,
kitchenettes, toilets) shal be ignored when evauating the intrusion into the residua space.

No part of the resdua space shal project outside the contour of the deformed structure.
The contour of the deformed structure shall be determined sequentially, between every adjacent
window and/or door pillar. Between two deformed pillars the contour shdl be a theoretical
surface, determined by Straight lines, connecting the inside contour points of the pillarswhich
were the same height above the floor level before the rollover test (see Figure 1).

Figure 1 - Specification of the contour of the deformed structure
Residua space

The envelope of the vehiclesresidua spaceis defined by creeting a verticd transverse plane
within the vehicle which has the periphery described in Figures 2(a) and 2(c), and moving this
plane through the length of the vehicle (see Figure 2(b)) in the following manner:

The S, point is located on the seat-back of each outer forward or rearward facing seet (or
assumed segt position), 500 mm above the floor under the seat, 150 mm from the insde
surface of the sdewall. No account shal be taken of whed arches and other variations of
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the floor height. These dimensions shdl aso be gpplied in the case of inward facing seetsin
their centre planes.

If thetwo Sdesof the vehicleare not symmetrica in respect of floor arrangement and, therefore,
the height of the S points are different, the step between the two floor lines of the residua
gpace shdl be taken asthe longitudind vertical centre plane of the vehicle (see Figure 2(c));

Therearmost position of theresdud spaceisavertica plane 200 mm behind the S; point of the
rearmost outer sedt, or the inner face of the rear wal of the vehicleif thisislessthan 200 mm
behind that S, point.

Theforemogt position of theresidud spaceisavertica plane 600 mm in front of the Sk point of
the foremost seat (whether passenger, crew, or driver) in the vehicle st at its fully forward
adjustment.

If therearmost and foremost seats on thetwo sides of the vehiclearenot inthe sametransverse
planes, the length of the residua space on each side will be different;

Theresidud spaceiscontinuousin the passenger, crew and driver compartment(s) between its
rearmost and foremost plane and is defined by moving the defined vertical transverse plane
through the length of the vehicle dong sraight lines through the S; points on both sides of the
vehicle. Behind the rearmost and in front of the foremost seet's S; point the straight lines are
horizonta.

The manufacturer may define a bigger resduad space than is required for a given seat
arrangement, to Smulate a worst case in a group of vehicle types to alow for future design
development.
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Specification of rollover test on a complete vehicle as the basic approva method

Therollover testisalaterd tilting test (see Figure 3), specified as follows:

The complete vehicle is ganding on thetilting platform, with blocked suspension and istilted
dowly to its ungtable equilibrium postion. I the vehidle type is not fitted with occupant
resraints it will be tested a unladen kerb mass. If the vehicle type is fitted with occupant
resraintsit will betested at tota effective vehicle mass,

Therollover test gartsin this unstable vehicle position with zero angular velocity and the axis of
rotation runs through the wheg-ground contact points. At this moment the vehicle is
characterized by the reference energy E; (see paragraph 3.2.2.1. and Figure 3);

The vehicle tips over into a ditch, having ahorizontd, dry and smoothconcrete ground surface
with anomina depth of 800 mm;

The detailed technica specification of the rollover test on a complete vehicle as the basic
goprova testisgivenin Annex 5.

VLCP

CG,

Ooao 000

4

ditch with

R N \ K \\\ & O
tilting platform B /|
in horizontal axis

rigid surface

starting position of tilting N

Figure 3 - Specification of the rollover test on a complete vehicle showing the path of
the centre of gravity through the starting, unstable equilibrium, postion
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5.4.

54.1.

5.4.2.

5.4.3.

5.4.4.

5.4.5.

5.5.

5.6.

5.6.1.

5.6.2.

Specifications of equivaent gpprova tests

Instead of the rollover test on acomplete vehicle, at the discretion of the manufacturer, one of
the following equivaent approva test methods can be chosen:

Rollover test on body sections which are representative of the complete vehicle, in accordance
with the specifications of Annex 6.

Quas-datic loading tests of body sections in accordance with the specifications of Annex 7.

Quas-static cdculatiors based on the results of component tests in accordance with the
specifications of annex 8.

Computer smulation - viadynamic cdculations - of the basicrollover test on acomplete vehide
in accordance with the specifications of Annex 9.

Thebasicprincipleisthat the equivaent gpprova test method must becarried out in such away
that it represents the basic rollover test specified in Annex 5. If the equivadent gpproval test
method chosen by the manufacturer cannot take account of some specid feature or congtruction
of the vehicle (eg. ar-conditioning ingdlation on the roof, changing height of the waid rall,
changing roof height) the complete vehicle may be required by the technical serviceto undergo
the rollover test specified in Annex5.

Tedting of articulated buses

In the case of an aticulated vehicle, eech rigid section of the vehicle shal comply with the
generd requirement specified in paragraph 5.1. Eachrigid section of an articulated vehiclemay
be tested separately or in combination asdescribed in Annex 5, paragraph 2.3, or in Annex 3,
paragraph 2.6.7."

Direction of rollover test

Therollover test shdl be carried out on that Side of the vehicle which is more dangerous with
respect to the residud space. The decison is made by the technica service on the basis of the
manufacturer's proposa, consdering at least the following:

the laterd eccentricity of the centre of gravity and its effect on the reference energy in the
unstable, starting position of the vehicle, see paragraph 3.2.2.1;

the asymmetry of the residual space, see paragraph 5.2.2
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the different, asymmetrical congtructiona festures of the two Sdes of the vehicle, and the
support given by partitionsor inner boxes (e.g. wardrobe, toilet, kitchenette). The sdewiththe
lessar support shal be chosen as the direction of the rollover test.

MODIFICATION AND EXTENSION OF APPROVAL OF A VEHICLE TYPE

Every modification of the approved vehicle type shdl be advised to the Adminidrative
Department which granted the typeapproval. TheAdminigrative Department may then either,

agreethat the modificationsmade are unlikely to have an appreciable effect and that in any case
the modified vehidletype gill complieswith the requirements of this Regulation and constitutes
part of afamily of vehicle types together with the approved vehicle type; or

require a further test report from the technical service responsible for conducting the tests to
provethat the new vehicle type complieswith the requirements of this Regul ation and condtitutes
part of agroup of vehicle types together with the approved vehicle type; or

refuse the extension of gpprova and require anew approva procedure to be carried ouit.

The decisions of the Adminigrative Department and the technical service shdl bebased onthe
threefold criteria of the worst case:

the structura criterion meanswhether the superstructureis changed or not (see Annex 4). If no
change, or the new superdructure is sronger, thisis favourable.

the energy criterion means whether the reference energy is changed or not. If the new vehicle
type has the same or smdler reference energy than the approved one, thisis favourable.

resdua space criterion is based on the envelo pe surface of the resdud space. If theresidua
space of the new vehicle type is everywhere within the approved case residuad space, thisis
favourable.

If dl three criteria described in paragraph 6.2. are changed favourably, the extenson of the
goprova shdl be granted without further investigation.

If al of three answers are unfavourable, anew gpprova procedureis required.
If the answers are mixed, further investigations (tests, caculation, structurd andyss, for

example) will be required. These investigations shal be determined by the technica service
cooperating with the manufacturer.
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6.4.

6.5.

7.1.

7.2.

7.3.

8.1.

8.2.

Confirmation or refusd of gpprovd, specifyingthedterations, shal be notified by the procedure
specified in paragraph 4.3. above to the Partiesto the Agreement which gpply this Regulation.

The Adminidrative Department issuing the extenson of gpprova shdl assgn aseriesnumberto
each communication form drawn up for such an extension.

CONFORMITY OF PRODUCTION

The conformity of production procedure shal comply with those set out in the Agreement,
Appendix 2, (E/ECE/324-E/ECE/TRANS/505/Rev.2).

Every vehicle approved under thisregulation shal be so manufactured asto conform to thetype
approved by meeting the requirements set out in paragraph 5. above. Only those elements
which are nominated by the manufacturer as part of the superstructure shal be checked.

Thenormal frequency of ingpections authorised by the Adminigrative Department shdl beonce
every two years. If non-conformity is discovered in the course of one of these vidts, the
Adminigtrative Department may increase the vist frequency to re-establish the conformity of
production as rapidly as possible.

PENALTIES FOR NON-CONFORMITY OF PRODUCTION

Theapprova granted in respect of avehicletype pursuant to this Regulation may bewithdrawvn
if the requirementslaid down in paragraph 7. above are not complied with.

If aparty to the Agreement applying this Regulation withdraws an gpprovd it has previoudy
granted, it shall forthwith so notify the other Contracting Parties gpplying this Reguletion, by
means of a copy of the gpprova form bearing at the end, in large | etters, the Signed and dated
annotation "APPROVAL WITHDRAWN".

PRODUCTION DEFINITELY DISCONTINUED

If the holder of the gpprova completely ceases to manufacture atype of vehicle approved in
accordance with this Regulation, he shal so inform the Administrative Department whichgranted
the approva. Upon receiving the relevant communication, that Administrative Department Sl
inform the other Parties to the Agreement applying this Regulation by means of a copy of the
approvad form bearing a the end, in large letters, the sSgned and dated annotation
"PRODUCTION DISCONTINUED".
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TRANSITIONAL PROVISIONS

As from the officid date of entry into force of the O1 series of amendments, no Contracting
Party gpplying this Regulation shdl refuse to grant ECE goproval under this Regulation as
amended by the 01 series of amendments.

As from 60 months after the date of entry into force, Contracting Parties gplying this
Regulation shal grant ECE gpprovas for new vehicle types as defined in this Regulation only if
the vehicletypeto be gpproved meetsthe requirements of thisRegulation asamended by the 01
series of amendments.

Contracting Parties gpplying this Regulation shal not refuse to grant extensions of approval to
the preceding series of amendments to this Regulation.

ECE approvas granted under this Regulation, in its origina form, earlier than 60 months after
the date of entry into force and dl extensions of such gpprovas, shdl remain vdid indefinitely,
subject to paragraph 10.6. below. When the vehicle type approved to the preceding seriesof
amendments meets the requirements of this Regulation as amended by the 01 series of
amendments, the Contracting Party which granted the gpprova shdl notify the other Contracting
Parties gpplying this Regul ation thereof.

No Contracting Party applying this Regulaion shdl refuse nationd type approva of avehicle
type approved to the 01 series of amendmentsto this Regulation.

Sarting 144 monthsafter theentry into force of the 01 series of amendmentsto this Regulation,
Contracting Parties gpplying this Regulation may refusefirg nationd regidration (first entry into
sarvice) of avehicle which does not meet the requirements of the 01 series of amendmentsto
this Regulation.

NAMES AND ADDRESSES OF TECHNICAL SERVICES RESPONSIBLE FOR
CONDUCTING APPROVAL TESTSAND OF ADMINISTRATIVE DEPARTMENTS

The Parties to the Agreement which gpply this Regulation shal communicate to the United
Nations secretariat the names and addresses of thetechnica servicesresponsiblefor conducting
goprovd tests and of the Adminidirative Departments which grant gpproval. Formsissued in
other countriesto certify agpprova or extenson or refusa or withdrawad of approva, areto be
sent to the Adminigtrative Departments of al Partiesto this Agreement.
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COMMUNICATION
(Maximum format: A4 (210 x 297 mm))
issued by : Nameof the adminigration:

concerning: 2/ APPROVAL GRANTED

APPROVAL EXTENDED

APPROVAL REFUSED

APPROVAL WITHDRAWN

PRODUCTION DEFINITELY DISCONTINUED

of avehicle type with regard to the strength of its superstructure pursuant to Regulation No. 66.

Approva NO.: ..o Extenson NO.: ...ccvvveverenne.
1 Trade name or Mmark of the VENICIE tYPE: .....o.eiiiiiiee s
2 RV 2= alTe (=LY o USSP
3. VENICIE CAEGONY/CIASS.... .ovieiiee ettt ettt et e e e sre e sreesaneerennas
4. Manufacturer's Name and a00rESS, ........ooerieieieieere e
5. If applicable, name and address of the manufacturer's representative; .........cccceveveeececeene e,
6. Brief summary of description of the superstructure in respect of paragraph 3.2.2.2. of this

10.

10.1.
10.2.

11.

RegUIEION a0 ANNEX 4: ..ottt a et b et e e enenas
Reference number of detailed drawing showing the residual space used in the approva procedure:

Unladen kertb mass (kg): ................ and associated axle [oads (KQ): .vvveeeeeeieeiennieninnens
Maximum number of sests permitted to be fitted with occupant restrants......

The pogtion of the centre of gravity of the unladen vehicle in the longitudind, transverse and
(VLS 1[0z 0 = - PSSR

L0 N g 1= s (< g e 1 O 4 17= = TR TT SRR
{0 (0 r: < i (= o kY/SY 107 S TR TRT TSR

If the vehidleisfitted with occupant restraints then additiondly, thetotd effectivevehice mass(kg):
............... and the associated axle 10ads (KQ): ....oovvvereerini e e
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12. The vaue of reference energy (E;) as specified in paragraph 3.2.2.1. of this Regulation:

13. Vehicle submitted for oproval 0N ........ooviiieie e
14. Method of test or calculation employed for goProval: .........cooeveieinireis e
15. Direction of the rollover test used or assumed during the approva procedure: ...
16. Technica service respongble for conducting approval teSIS: .....oveveeeeeienenereeeeeees
17. Date of test report issued Dy that SErVICE! ......ooeiiiiiiiee e
18. Number of report issued by that SEIVICE ....oeeceeeecee e
19. Approva granted/refused/extended/Withdrawn: ... e
20 Reason(s) for extension (if aoplicable): ..........ooiiieiee e
21. Pogition of approva mark onthe VENICIE: ...

List of documents containing dataspecified, in paragraph 3.2. of the Regulation, and intheannex referring to
the approva test method which was used.



E/ECE/324 } Rev.1/Add. 65/Rev.1

E/ECE/TRANS505
Regulation No. 66
page 22
Annex 2
Annex 2
ARRANGEMENT OF THE APPROVAL MARK
(See paragraph 4.4. of this Regulation)
a b a
= a a
« 3| 3 66 R-012431 3

a=8mmmin.

The above approva mark affixed to a vehicle shows that the vehicle type concerned has, with regard to the
strength of the superstructure, been approved in the United Kingdom (E11) pursuant to Regulation No. 66
under approva number 012431. Thefirgt two digitsof the gpprova number indicate that the approva was
granted in accordance with the requirements of the 01 series of amendments to Regulation No. 66.
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Annex 3
DETERMINATION OF THE CENTRE OF GRAVITY OF THE VEHICLE

Generd principles

The reference and the tota energy to be absorbed in the rollover test depend directly on the
position of the vehicles centre of gravity posdtion. Therefore, its determination should be as
accurae as practicable. The method of measurement of dimensions, angles and load vaues,
and the accuracy of measurement shal be recorded for assessment by the technica service.
Thefollowing accuracy of measuring apparatusis required:

- for measurements less than 2000 mm, accuracy of +1mm

- for measurements greeter than 2000 mm, accuracy of + 0.05 per cent
- for measured angles, accuracy of + 1 per cent

- for measured load values accuracy of + 0.2 per cent

Thewheet base(s) and the distance between the centres of the footprint of thewheel(s) at each
axle (the track of each axle) shal be determined from the manufacturer's drawings.

Blocked suspension is specified as the condition for determining centre of gravity and for
carrying out the actud rollover test. The suspension shall be blocked in the norma operating
position as defined by the manufacturer

The position of the centre of gravity is defined by three parameters.

longitudinal distance (1,) from the centre line of front axle

transverse distance (t) from the vertical longitudina centrd plane of the vehicle.

verticd height (h,) abovetheflat horizontal groundlevel whenthetyres areinflated as specified
for thevehide

A method for determining |, t, hy, usingload cellsisdescribed here. Alternative methodsusing
lifting equipment and/or tilt tables for example may be proposed by the marufacturer to the
technica service who will decide whether the method is acceptable based on its degree of
accuracy.

The centreof gravity position of the unladen vehicle (unladen kerb massM, ) shdll bedetermined
by measurements.

The centre of gravity position of the vehicle with total effective mass (M,) may be determineq:

by messuring the vehicle in totd effective mass condition, or
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16.2.

2.1.

2.2.

2.3.

24.

by using the measured centre of gravity position in the unladen kerb mass condition and
congdering the effect of the total occupant mass.

Measurements

The position of the vehicle's centre of gravity shal be determined in the unladen kerb mass
condition or the total effective vehicle mass condition as defined in paragraphs 1.5. and 1.6.
For the determination of the position of the centre of gravity in thetotd effecive vehiclemass
condition, the individua occupant mass (factored by the constant, k = 0.5) shall be positioned
and rigidly held 200 mm above and 100 mm forward of the R point (which is defined in
Regulation No. 21, annex 5) of the sest.

Thelongitudind (I,) and transverse (t) coordinates of centre of gravity shall be determined ona
common horizontal ground (see Figure A3.1) where eech whed or twinned whed! of thevehicle
is standing on an individud load cell. Each steered whed shdl be st to its Sraight- ahead

position.

Theindividua load-cdll readings shdl be noted s multaneoudy and shall beusad to calculatethe
total vehicle mass and centre of gravity podtion.

Thelongitudina position of the centre of gravity relative to the centre of the contact point of the
front whedls (see Figure A3.1) is given by,

| c(P+P) L +(R+R).L,
' (Prota)

where;

reaction load on the load cell under the left-hand whed of thefirg axle
reaction load on theload cell under the right-hand whed of thefirst axle

P, = reaction load on the load cdll under the |eft-hand whedl(s) of the second axle
P, = reaction load on the load cell under the right-hand whedl(s) of the second axle
Ps = reaction load on the load cdll under the left-hand whed (s) of the third axle

Pe - reaction load on the load cell under the right-hand whed(s) of the third axle
Poa = (PP +P;+P+P+P;) = M, unladen kerb mass; or,

0 0
TIT

= M, totd effective vehicle mass, as appropriate
L, = thedistance from centre of whed on 1 axle to centre of whed on second axle

L, = thedistance from centre of whed on 1% axle to centre of whed on third axle, if
fitted
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i -

- - . VA

Figure A3.1- Longitudinal position of the centre of gravity

The transverse postion (t) of the vehicles centre of gravity relative to its longitudind vertica
centre plane (seefigure A3.2) isgiven by,

T. T T,0 1
t= QP - P)2+(R- P)2+(R,- P) 25—
QPP+ (P P) 2+ )
where:
T, = distance between the centres of the footprint of the whed (s) at each end of thefirst
ale
T, =  distance between the centres of the footprint of the whedl(s) at each end of the
second axle
T, =  distance between the centres of the footprint of the wheel(s) at each end of the
third axle

This equetion assumes thet astraight line can be drawn through the centre pointsof T, T,, T.
If thisis not the case then a specidised formulawill be required.

If thevaueof (t) isnegdtive, thenthe centre of gravity of thevehicleis Stuated to theright of the
centreline of thevehicle.
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2.6.

2.6.1.

2.6.2.

2.6.3.

2.6.4.

2.6.5.

Figure A3.2 - Transverse postion of centre of gravity

Theheight of the centre of gravity (h,) shal bedetermined by tilting the vehidelongitudindly and
usng individud load-cdllsat the whedls of two axles.

Two load-cdls shdl be positioned on acommon horizonta plane, to receive the front whedls.
Thehorizonta plane shal be a sufficient height above the surrounding sufacesthat thevehicle
can be tilted forward to the required angle (see paragraph 2.6.2. below) without its nose
touching that surface.

A second pair of load-cells shdl be placed in a common horizontal plane on top of support
Sructures, reedy to receive the whedls of the second axle of the vehicle. The support structures
shdl be afficiently tal to generate a Sgnificant angle of indination a (> 20°) for the vehide.
Thegreeter the angle, the more accurate will bethe caculation — seefigure A3.3. Thevehideis
repositioned on the four load- cdlls, with the front wheel s chocked to prevent the vehicleralling
forward. Each steered whed shal be st to its straight-ahead steer position.

Theindividud load-cdll readings shdl be noted smultaneoudy and shdl be used to check the
totd vehicle mass and centre of gravity pogtion.

Theindination of thetilting test shell be determined by the equation (see figure A3.3)

L a&Ho
a=arcsing—=

Lig
where;

H = heght difference between the footprints of the wheds of the first and second axles
L, = thedistance from centre of whed'sfirst and second axles

The unladen kerb mass of the vehicle shdl be checked as follows:

Fioa = FutFotFstF, 0 P © My
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where:
F, = reaction load on the load cell under the left hand whed of thefirst axle
F, = reaction load on the load cell under the right hand whed of the first axle
F; = reaction load on the load cdll under the left hand whed of the second axle
F, = reactionload on the load cdll under the right hand whed of the second axle

If thisequation isnoat fulfilled the measurement shal be repeated and/or the manufacturer shal be
asked to modify the value of the unladen kerb massin the technica description of the vehicle.

The height (h) of the vehicle centre of gravity is given by:

. F+F0
(:B?l_ L—=—27

° gtga g Ptotal ﬂ

where:
r = height of whed centre (on first axle) above the load cell top surface

If the articulated vehicle is tested in separate sections, the centre of gravity position shall be
established separately for each section.

Figure A3.3 - Determination of height of centre of gravity
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Annex 4
VIEWPOINTS ON THE STRUCTURAL DESCRIPTION OF THE SUPERSTRUCTURE
1 Generd principles

1.1. The manufacturer shdl define unambiguoudy the superstructure of the bodywork (see figure
A4.1, for example) and shall date:

1.11. which bays contribute to the strength and energy absorption of the superstructure;

112 which connecting eements between the bays contribute to the torsond diffness of the
uperstructure;

1.13. the mass digtribution among the nominated bays,

114 which elements of the superstructure are assumed asrigid parts.

l l’ [ | ] l | l |
S - N Iﬂ:\ o L S *, /'R‘\ K
‘s\\ "",""*‘:" ’,l' "\~ ""i---:(:'-
~ L, = Ve
[REN—. 4 P = o = - o —
- \{}’ I BODYWORK
B, B, B, B, B, B, B, B, Bays
rigid parts
SUPERSTRUCTURE

connecting elements,

Figure A4. 1 - Derivation of the superstructure from the bodywork
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The manufacturer shal supply thefollowing information about the dements of the superstructure:

drawings, with al the significant geometrica measurements necessary to produce the e ements
and to evduate any change or dteration of the dement;

the materid of the dements referred to nationd, or internationa sandards;

the joint technology between the Structural elements (riveted, bolted, glued, welded, type of
welding, etc.).

Every superstructure shal have at least two bays. oneinfront of the centre of gravity and one
behind the centre of gravity.

No information is required about any eements of the bodywork, which are not parts of the
superstructure.

Bays

A bay isdefined asagtructura section of thesuperstructure forming aclosed loop between two
planes which are perpendicular to the vertica longitudina centre plane (VLCP) of the vehicle.
A bay contains one window (or door) pillar on eech sde of the vehicle as well as side wall

elements, a section of the roof structure and a section of the floor and underfloor structure.
Every bay has a transverse centre plane (CP) perpendicular to the VLCP of the vehicle and
passng through the centre points <)
of the window-pillars (see figure A4.2)

The Cpisdefined asapoint a half window height and halfway acrossthe pillar width. If theC |
of theleft-sdeand right- side pillars of abay are not in the same transverse plane, the CP of the
bay is set halfway between the transverse planes of thetwo C's.

The length of abay is measured in the direction of the longitudind axis of the vehicle, and is
determined by the distance between two planes perpendicular to the VLCP of the vehicle.
There aretwo limits which define the length of abay: the window (door) arrangement, and the
shape and congtruction of the window (door) pillars.)
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Figure A4. 2 - Definition of length of bays

2.3.1. The maximum length of abay is defined by the length of the two neighbouring window (door)
frames

(a+b)

(Wj )max = 5

where:
a=the length of the window (door) frame behind the j*" pillar, and
b = the length of the window (door) framein front of the j™ pillar

If the pillars on opposite sides of the bay are not in one transverse plane, or the window frames
on each sde of the vehicle have different lengths (seefigure A4.3), the overall length, W, of the

bay is defined by:

where:
anin = thesmaler vaue of gy gge OF Biett sce
by, = thesmaller value of byigy gge OF Bt sge

L = thelongitudina offset between the centrelines of the pillars
on the left and right Sdes of the vehicle
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\left side *. sight side

Figure A4. 3- Definition of bay length when pillars on each sde of the bay
arenot in one transverse plare

The minimum length of a bay shdl include the whole window pillar (induding its indination,
corner radii, etc.). If the inclination and corner radii exceed hdf the length of the adjacent
window then the next pillar shdl be included in the bay.

The distance between two bays shall be defined as the distance between their CP's.

The digtance of a bay from the centre of gravity of the vehicle shal be defined as the
perpendicular distance from its CP to the vehicle centre of gravity.

Connecting structures between the bays

The connecting structures between bays shall be clearly defined in the superstructure. These
sructurd eementsfal into two distinct categories:

The connecting structures which form part of the siperstructure. These eements shdl be
identified by the manufacturer, in this design submission: they include:

sde-wal dructure, roof structure, floor structure, which connect severd bays,

sructurd eements which reinforce one or more bays, for example, boxes under seets, whedl
arches, seat structures connecting side-wall to floor, kitchen, wardrobe and toilet structures.
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3.1.2

4.1.

4.1.1.

4.1.2.

4.2.

The additiond eements which do not contribute to the structura strength of the vehicle but
which may intrudeinto the resdua space, for example: ventilation ducts, hand luggage boxes,
heating ducts.

Mass digtribution

Themanufacturer shall clearly define the portion of the mass of the vehicle atributed to each of
the bays of the superstricture. This mass distribution shal express the energy absorbing
cgpability and load bearing capacity of each bay. Thefollowing requirements shal be metwhen
defining the distribution of mass.

the sum of the masses attributed to each bay shdl be related to the mass M of the complete
vehicle

a(m)3M

j=1
where;

m = themassattributed to thej™ bay
n the number of bays in the superstructure
M = M,, unladen kerb mass; or,
= M,, totd effective vehicle mass, as gopropriate

the centre of gravity of the distributed masses shdl be in the same position as the centre of
gravity of thevehicle

a(mj,)=0
j=1

where;

|, = thedistance of the ™ bay from the centre of gravity of the vehide
(see paragraph 2.3.).
It;e;]s pggtlva if the bay isin front of the centre of gravity and negdiveif it is
ind it.

The mass " m" of each bay of the superstructure shal be defined by the manufacturer, as
folows
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the masses of the components of the"j™" bay shall be rdated to its mass"m;" by:

g 3
a. mjk mj
k=1

where;

my = the mass of each component of the bay
s = thenumber of individua masses on the bay

the centre of gravity of the component masses of a bay shdl havethe sametransverseposition

insde the bay as the bay's centre of gravity (see figureA4.4):

S

[]
MYk © a Mz ° 0
1 k=1

=

11 g-)o“’

where;

Yy, = thedistance of the K" mass component of the bay from the axis"Z"
(seefigure Ad.4).
Y, Will have a positive vaue on one Sde of the axis and a negative vaue on the
other side.
z, = thedistance of the K" mass component of the bay from the axis"Y",
z will have a postive vaue on one Sde of the axis and a negative vaue on the
other sde.

In the case where occupant restraints are part of the vehicle specification, the occupant mass
attributed to a bay shall be attached to that part of the superstructure which is designed to
absorb seat and occupant loadings.
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Figure A4.4 - Didributionof mass in the cross section of abay
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Annex 5

ROLLOVER TEST ASTHE BASIC APPROVAL METHOD

1 Thetilting bench
1.1. Thetilting platform shall be sufficiently rigid and the rotation sufficiently controlled to ensure

smultaneouslifting of the axles of the vehidlewith adifference of lessthan 1°inthe plaform'stilt
angles measured below the axles.

1.2. The height difference between the horizontal lower plane of the ditch (seefigure. A5.1) and the
plane of thetilting platform on which the busis standing, shall be 800 + 20 mm.

13. Thetilting platform, related to the ditch, shdl be placed asfollows (see figure A5.1):

1.3.1. the axis of itsrotation is max 100 mm from the verticd wal of the ditch;

13.2. the axis of the rotation is max 100 mm below the plane of the horizontd tilting platform.

] wheel of the
/ widest axle
/——\ wheel 4
support _
\ \ % R 10 wheel
support
T 71 Ty
| min. 500\ __ |

tiltin, ALHH I I IS
platform .
axis of

tilting
max s

80

max
Figure A5.1 - Geometry of the tilting bench
14. Whed supports shal be applied a the whedls being close to the axis of rotation againgt diding

of the vehicle Sdewayswhenftilting it. Themain characterigtics of the whed supports (seefigure
A5.1) sndl be:
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14.1.

14.2.

14.3.

1.5.

1.6.

2.1.

211

2.1.2.

2.13.

214.

dimensions of the whed support:

Height shdl not be greater than two-thirds of the distance between the surface on
which the vehicle stands before it is tilted and part of the rim of the whed
whichis nearest to the surface

Width 20mm
Edge radius 10 mm
Length 500 mm minimum;

thewhed supportsat thewidest axle shdl be placed onthetilting platform so that the sdeof the
tyreisa maximum 100 mm from the axis of rotation;

the whed supports at the other axles shdl be adjusted so that the vertical longitudina centre
plane (VLCP) of the vehicle shdl be pardld to the axis of rotation.

Thetilting platform shal be congtructed to prevent thevehicdle moving dong itslongituding axis.
Theimpact areaof theditch shal have ahorizonta, uniform, dry and smooth concrete surface.

Prepardion of test vehicle

The vehicle to be tested need not be in a fully finished, "ready for operation” condition.
Generdly, any dteration from the fully finished condition is acceptableif the basic festuresand
behaviour of the superstructure are not influenced by it. Thetest vehicleshdl bethe sameasits
fully finished verson in respect of the following:

the position of the centre of gravity, thetota vaue of vehicle mass (unladen kerb mass, or tota
effective vehiclemasswhereresraints arefitted) and the distribution and | ocation of masses, as
declared by the manufactur er.

al of those dementswhich — according to the manufacturer - contribute to the strength of the
supergtructure shal be ingdled in ther origind position (see Annex 4 to this Regulation).

elements, which do not contribute to the strength of the superstructure and aretoo valuableto
risk damage (e.g. drive chain, dashboard instrumentation, driver's seet, kitchen equipment, toilet
equipment, etc.) can be replaced by additional eements equivaent in mass and method of
ingdlation. These additiona dements must not have a reinforcing effect on the strength of
superstructure.

fuel, battery acid and other combustible, explosive or corrosive materias may be substituted
with other materids provided that the conditions of paragraph 2.1.1. are met.
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In the case where occupant restraint devices are part of the vehicle type, a mass shdl be
attached to each sedt fitted with an occupant restraint following one of thesetwo methods, a the
choice of the manufacturer:

Firg method: That mass shdl be:

50 per cent of theindividua occupant mass (M, ;) of 68 kg,

placed to have its centre of gravity 100 mm above and 100 mm forward of the R point of the
seat asdefined in Regulation No. 21, Annex 5.

fixed rigidly and securely so that it does not break away during the test.
Second method: That mass shdl be

an anthropomorphic balast with amass of 68 kg and shdl be restrained with a2 point safety -
belt. The bdlast must dlow guiding and positioning for safety- belts.

placed to have its centre of gravity and dimensioning according to figure A5.2.

fixed rigidly and securely so that it does not bresk away during the test.

\,,:’_,
< TOTAL MASS: kg
chest breadth =~ 315-322 mm
waist breadth™ 290-310 mm
hip breadth ™ 325-342 mm — — .
( )\, \
: R

2.2.

2.2.1.

2.2.2.

Figure A5.2- Dimensions for the anthropomorphic ballast
Thetest vehicle shdl be prepared asfollows:
tyres shdl beinflated to the pressure prescribed by the manufacturer.

the suspension system of the vehicle shall be blocked, i.e. the axles, the springs and the
suspension ements of the vehicle shdl be fixed in relation to the bodywork. The
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3.1

floor height above the horizontd tilting platform shal be according to the manufacturer's
specification for the vehicle, dependent on whether it isloaded to unladen kerb massor total
vehiclemass.

every door and opening window of the vehicle shdl be closed but not locked.

Therigid sections of an articulated vehicle may be tested separately or in combination.

For testing the articul ated sections asacombination, the sections of thevehicleshdl befixedto
each other in such away that,

there is no relative movement between them during the roll- over process.

there is no dgnificant change in mass digtribution and centre of gravity positions.

there is no significant change in the strength and deformation capability of the superstructure.
For testing the articulated sections separately, the Sngle-axle sections shal be attached to an
artificid support which keeps them in fixed reaion to the tilting platform during its movement

from the horizontd to the point of roll-over. Thissupport shdl meet thefollowing requirements:

it shall befixed to the structurein such away that it does not cause either reinforcement or extra
additional load to the superstructure.

it shal be congtructed so that it does not suffer any deformation which could change the
direction of the rollover of the vehicle.

its mass shdl be equa to the mass of those dements, parts of the articulated joint, which
nominally bel ong to the section being tested, but which arenot placed onit (e.g. turntableand its
floor, handholds, rubber sedling curtains, etc.).

its centre of gravity shal have the same height as the common centre of gravity of those parts
which are listed in paragraph 2.3.2.3.

it shal have an axis of rotation pardld to the longitudind axis of the multi-axle section of the
vehicle, and passing through the points of contact of the tyres of that section.

Test procedure, test process

Therollover testisavery rapid, dynamic process having distinguishable stages, should betaken
into corsderation when arollover tes, itsinstrumentation and measurement are planned.
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The vehicle shdl betilted without rocking and without dynamic effects until it reaches unstable
equilibrium and commencesitsrollover. Theangular velocity of thetilt platform shall not exceed
5 degrees/sec. (0.087 radians/sec).

For ingde observation high- speed photography, video, deformable templates, eectrical contact
sensors or other suitable means shal be used to determine that the requirements of
paragraph5.1. of this Regulation has been met. This shdl be verified a any places of the
passenger, driver's and crew compartment where the residual space seemsto be endangered,
the exact positions being at the discretion of the technical service. At least two positions,
nominaly at the front and rear of the passenger compartment shall be used.

Outside observation and recording of the rollover and deformation process is recommended,
which means the following:

two high-speed cameras - one at the front and another &t therear . They should belocated far
enough from the front and rear wal of the vehicle to produce a measurable picture, avoiding
wide-angle distortion. in the shaded area, as shown in figure A5.2a

he position of the centre of gravity and the contour of the superstructure (seefigure A5.2b), is
marked by stripes and bands to ensure correct measurements on the pictures.

7
b7

800

7

AN N N

Figure A5.3a - Recommended field of view of outsde camera
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Figure A5.3b - Recommended marking of the centre of gravity position

and the contour of the vehicle
4, Documentation of the rollover test
4.1. Detailed description of the tested vehicle shdl be given by the manufacturer in which:

4.1.1. al the deviaions between the fully finished vehicle typein running order and thetested vehicle
arelisted.

4.1.2. the equivaent subgtitution (in respect of mass, massdidiribution and ingtalation) shal be proved
in every case, when structurd parts, units are substituted by other units or masses.

4.1.3. thereisaclear satement of the position of centre of gravity in the tested vehicle which may be
based on measurements carried out on the test vehiclewhen it isready for test, or acombination
of measurement (carried out onthefully finished vehicletype) and ca cul ation based onthemass

subgtitutions.

4.2. The test report shdl contain al the data (pictures, records, drawings, measured vaues, €tc.)
which show:

4.2.1. that test was carried out according to this annex;

4.2.2. that the requirements given in paragraphs 5.1.1. and 5.1.2. of this Regulation are met (or not);
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the individua evauation of indde obsarvations;

dl the dataand information needed for theidentification of the vehicletype, thetest vehicle, the
test itsdlf, and the personnd responsible for the test and its eva uation.

It is recommended to document in the test report the centre of gravity's highest and lowest
position relaed to the ground leve of the ditch.
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Annex 6
ROLLOVER TEST USING BODY SECTIONS AS AN EQUIVALENT APPROVAL METHOD

1 Additiond data and information

If themanufacturer choosesthismethod of testing, thefollowing information shal begiventothe
technical service in addition to the deata, information and drawings listed in paragraph 3. of this

Regulation:
1.1 drawings of the body sections to be tested;
1.2. verification of the vdidity of the distribution of masses given in Annex 4, paragraph 4., upon

successful completion of the body section rollover tests
13 the measured masses of the body sections to be tested, and verification thet their centre of
gravity positions are the same as that of the vehicle with unladen kerb mass if not fitted with

occupant redtraints, or with totd effective vehicle mass if occupant redraints are fitted.
(Presentation of measuring reports)

2. Thetilting bench
Thetilting bench shal meet the requirements given in Annex 5, paragraph 1.

3. Preparation of body sections

3.1. The number of the body sections to be tested shall be determined by the following rules

311 al thedifferent bay configurationswhich are part of the superstructure shal betested in at least
one body section;

3.1.2. every body section shdl have at least two bays,

3.13. inan atificid body section (seeparagraph 2.27. of this Regulation) theratio of the mass of any
one bay to any other bay shal not exceed 2;

3.14. the resdua space of the whole vehicle shal bewell represented in the body sections, including
any peculiar combinations arising from the vehicles bodywork configuration;

3.15. the whole roof structure shal be well represented in the body sections if there are loca
specidities, like changing height, air condition ingtdlation, gas tanks, luggage carrier, etc.

3.2. Thebays of thebody section shall be exactly the samestructurally asthey arerepresentedinthe
superstructure, as regards shape, geometry, materid, joints.
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The connecting structures between the bays shall represent the manufacturer'sdescription of the
superstructure (see Annex 4, paragraph 3.) and the following rules shal be considered:

inthe case of an origina body section taken directly from the actua vehiclelayout, thebascand
the additional connecting structures (see Annex 4 paragraph 3.1) shdl be the same asthat of
the vehicle superdiructure;

inthe caseof an artificid body section, the connecting structures shdl be equivadent interms of
strength, stiffness and behaviour to that of the vehicle superstructure;

thoserigid dements which are not part of the superstructure but which can encroach on the
resdua space during deformation, shdl be ingtdled into the body sections;

the mass of the connecting structures shdl be included in the mass digtribution, in terms of
attribution to a particular bay and distribution within thet bay.

The body sections shdl be equipped with artificid supports, to provide the same centre of
gravity pogtions and axis of rotation for them on the tilting platform as that of the complete
vehicle. The supports shal meet the following requirements:

they shdl be fixed to the body section in such a way that they do not provide ether
reinforcement or extra additiona load on the body section;

they shall be auficiently strong and rigid to resst any deformation which could change the
direction of the body section motion during the tilting and rollover process;

their mass shdl be included in the mass digtribution and centre of gravity postion of the body
section.

Thedigribution of massin the body section shall be arranged with the following considerations:

thewhole body section (bays, connecting structures, additional structura eements, supports)
shall be considered when checking the vaidity of equations5 and 6, in
Annex 4, paragraph 4.2.;

any masses attached to the bays (see paragraph 4.2.2. and figure 4 of Annex 4) shal beplaced
and fixed to the body section in such away that they do not cause reinforcement or addtiona
load or limitation of the deformation.

In the case where occupant restraints are part of the vehicle type, the occupant masses shal be
consdered as described in Annex 4 and Annex 5.
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5.1.

5.2.

5.3.

5.4.

6.1.

6.2.
6.3.
6.4.

6.5.

Test procedure

The test procedure shal be the same as described in paragraph 3. of Annex 5 for acomplete
vehicle.

Evduation of the tets

Thevehicletype shal be gpproved if dl the body sections passthe rollover test and equations 2
and 3 in paragreph 4. of Annex 4 are fulfilled.

If one of the body sections fails the test, the vehicle type shdl not be approved.

If abody section passes the rollover test, each of the bays which form that body section are
considered to have passed the rollover test, and the result can be quoted used in future
gpplications for approvd, provided that the ratio of their masses remains the same in the
subsequent superstructure .

If abody section failstherollover test, dl the bayswithin that body section shall be considered
to have falled the test even if the resdud spaceisinvaded in only one of the bays.

Documentation of body section rollover tests

Thetest report shall contain dl the data necessary to demonstrate:

The congtruction of the tested body sections (dimensions, materias, masses, centre of gravity
position, congtruction methods).

that the tests were carried out according to this annex
whether, or not, the requirements- given in paragraph 5.1. of this Regulation - are met
the individua evauaion of the body sections and their bays.

theidentity of the vehicletype, its superstructure, the tested body sections, the teststhemselves
and the personnel responsible for the tests and their evauation.
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Annex 7

QUASI- STATIC LOADING TEST OFBODY SECTIONS AS AN EQUIVALENT
APPROVAL METHOD

1 Additiond data and information

Thismethod of testing uses body sections astest units, each one built up from at least two bays
of the vehicle under gppraisa, connected together with representative structurd dements. If the
manufacturer chooses this method of testing, the following additiond information shdl be
supplied to thetechnica service, in addition to the data, and drawingslisted in paragraph 3.2. of

this Regulation:

1.1 drawings of the body sections to be tested.

1.2 energy vauesto be absorbed by theindividua bays of the superstructure, aswell asthe energy
vaues belonging to the body sections to be tested.

1.3. verification of the energy requirement, see paragraph 4.2. bel ow, upon completion of successful
quas - satic loading tests of body sections.

2. Preparation of body sections

2.1. The manufacturer shal consider the requirements given in annex 6, paragraphs 3.1., 3.2., and

3.3., when designing and producing the body sectionsfor test.

2.2. The body sections shal be equipped with the residud space profile, a postions where it is
conddered that the pillars or other structurd eements are likdly to intrude as a result of the
expected deformation.

3 Test procedure

3.1. Each body section to be tested shall be firmly and securely atached to the test bench through a

rigid underframe structure in such away that,
3.1.1. loca plagtic deformation shal not occur around the atachment points;

3.1.2. the location and method of attachment shdl not inhibit the formation and working of expected
plagtic zones and hinges.

3.2 For application of the load to the body section, the following rules shall be consdered:

3.2.1. theload shal beevenly distributed on the cantrail, through arigid beam, whichislonger thanthe
cantrail to Smulate the ground in arollover tet, and which followsthe geometry of the cantrail.
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3.2.2.

the direction of the gpplied load (see figure A7.1) shdl be rdaed to the longitudinad verticad
centre plane of the vehicle and itsinclination (a ) shall be determined as follows:

a =90° - arcsin 9
gHCQ

where;

H, = thecantral height (in mm) of the vehicle measured from the horizontd plane
onwhichitis sanding.

Bay (i) Bay (1)
(m) - (my)
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3.2.3.

Figure A7.1 - Application of load to the body section

the load shall be applied to the beam at the centre of gravity of the body section derived from
the masses of itsbaysand the structural € ements connecting them. Using the symbolsof Figure
A.7.1, the posgtion of the body section can be determined by the following formula:

o

a

myl,
ICG
i

s
=1

s
[o]
am
i=1

where;

s = thenumber of the baysin the body section
m = the mass of thei" bay
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I = thedistanceof thecentreof gravity of thei® bay from aselected pivot point (thecentral
plane of Bay(1) in figure A7.1)
loc = thedistance of the centre of gravity of the body section from the same selected pivot

point.
the load shdl be increased gradudly, taking measurements of the associated deformation at
discrete intervals until the ultimate deformation (d, ) when the residual spaceisinvaded by one
of the eements of the body section.
When plotting the |oad-deflection curve:

the frequency of measurement shal be such as to produce a continuous curve (see
figureA.7.2).

the values of load and deformation shal be measured smultaneoudy.

the deformation of the loaded cantrail shdl be measured in the plane and direction of the applied
load.

both load and deformation shdl be measured to an accuracy of + 1 per cent.
Evauation of test results

From the plotted | oad- deformeation curve the actual energy absorbed by the body section (E; )
shall be expressed as the area below the curve (seefigure A.7.2).
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Figure A7. 2 - Absorbed energy for the body section, derived from the measured
load- deformation curve

4.2. Theminimum energy required to be absorbed by the body section (E,;,,) shall bedetermined as
follows

4.2.1. the total energy (E;) to be absorbed by the superstructure is:
E;=0.75M gDh

where;

<
I

M., unladen kerb mass of the vehicleif there are no occupant restraints; or,

M;, totd effective vehicle mass when occupant restraints are fitted,

gravitationa congtant,

the verticad movement (in metres) of the vehicle centre of gravity during arollover
test, as determined in gppendix 1 to this annex.

O «Q
>
1
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thetotd energy "E;" shdl bedistributed among the bays of the superstructurein the proportions
of their masses:

where;

E = the absorbed energy by the "i'™ bay
m = massof the"i'™ bay, as determined in annex 4, paragraph 4.1

theminimum energy required to be absorbed by the body section (Ein) isthesum of theenergy
of the bays comprising the body section:

The body section passesthe loading test, if:

Ess 3 E

min

Inthiscase, dl the bayswhich form that body section are cons dered to have passed the quas-
datic loading test and these resultscan be quoted in future requestsfor approva provided that
the component bays are not expected to carry agreater massin the subsequent superstructure.

The body section falsthe loading test if:

EBS < Emi n

Inthiscase dl the bayswhich form that body section are consdered to havefailed thetest even
if the resdua space isinvaded in only one of the bays.

The vehicle type shdl be approved if dl the required body sections pass the loading test.

Documentation of body section quasi- gatic loading tests

The test report shdl follow the form and content of Annex 6, paragraph 6.
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Annex 7 - Appendix 1

DETERMINATION OF THE VERTICAL MOVEMENT OF THE CENTRE OF GRAVITY
DURING ROLLOVER

The verticd movement ©h) of centre of gravity related to the rollover test may be determined by the
graphica method shown below.

1 Using scaled drawings of the cross section of the vehicle, theinitid height (h,) of the centre of
gravity (position 1) above the lower plane of the ditch is determined for thevehiclestanding a
its point of ungtable equilibrium on the tilting plaiform (see Figure A7.A1.1).

2 Using the assumption that the vehicle cross section rotates around the edge of the whedl
supports, (point A in Figure A7.A1.1) the vehicle cross section is drawn with its cantrall just
touching thelower planeof theditch (seeFigure A7.A1.2). Inthispostiontheheight (h) of the
centre of gravity (position 2) relative to the lower plane of the ditch is determined.
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Figure A7.A11

A\

Figure A7.A1.2 - Determination of the vertical movement of the vehicle centre of gravity

3. The vertica movement of the centre of gravity (Dh) is,
Dh=h,—h,
4, If more than one body section is tested and each body section has a different find deformed

shape, the verticd movement of centre of gravity ©h) shal be determined for each body
section and the combined mean value (Dh) is taken as,

where;

Dh = the verticd movement of the centre of gravity of the i body section,
k = the number of body sections tested.
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Annex 8

QUASI-STATIC CALCULATION BASED ON TESTING OF COMPONENTS AS AN
EQUIVALENT APPROVAL METHOD

1 Additiond data and information

If the manufacturer chooses this test method, the following information shdl be given to the
technica service, in addition to the dataand drawingslisted in paragraph 3.2. of thisRegulation:

1.1. Thelocation of plastic zones (PZ) and plastic hinges (PH) in the superstructure;

11.1 dl theindividua PZ'sand PH's shal beuniqudy identified on the drawing of the superstructure
in their geometricaly defined locations (seefigure A.8.1.)

11.2. structural elements between the PZ's and PH's can be treated as rigid or dagtic parts inthe
caculation, and their length shal be determined by their actua dimensonsin the vehicle.

1.2 The technical parameters of PZ's and PH's;

121 the cross-sectiona geometry of the structural ementsin which the PZ'sand PH's arelocated.
122 the type and direction of loading applied to each PZ and PH.

123. the load- deformation curve of each PZ and PH as described in gppendix 1 of thisannex. The

manufacturer may use either the static, or the dynamic characteristics of the PZ's and PH'sfor
the cdculaion but shal not mix gatic and dynamic characteritics in one caculation.
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Figure A8. 1 - Geometrical parameters of plastic hinges on abay

A datement of the total energy (E;) to be absorbed by the superstructure, using the formula
stated in paragraph 3.1. below.

A brief technicd description of the agorithm and computer program which areused for the
caculation.

Requirements for the quasi- atic caculation

For the calculation, the complete superstructure shdl be mathematicaly modelled as aload-
bearing and deformable structure, taking account of the following:

the superstructure shal be modelled as a sngle loaded unit containing deformable PZ's and
PH's, connected by appropriate structural elements.

the superdtructure shdl have the actud dimensions of the bodywork. Theinner contour of the
sde-wadl pillars and roof structure shdl be used when checking the residua space.

thePH'sshdl utilisethe actud dimensonsaof the pillarsand sructura dementsonwhichthey are
located (see Appendix 1 of this annex).

The gpplied loads in the caculation shal meet the following requirements:
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2.2.1.

2.2.2.

2.23.

2.2.4.

2.2.5.

2.2.6.

the active load shal be gpplied in the transverse plane containing the centre of gravity of the
supergtructure (vehicle) which is perpendicular to the vertica longitudina centre plane (VLCP)
of thevehicle. Theactiveload shdl be applied on the cantrail of the superstructure through an
absolutely rigid load gpplication plane, which extendsin both directions beyond the cantrall and
any adjacent structure.

At the beginning of the Smulation the load application plane shdl touch the cantrall &t its most
digant part from the vertical longitudina central plane. The contact points between the load
gpplication plane and the superstructure shall be defined to ensure an exact load transfer.

the active load shdl have an inclination a related to the vertica longitudind centreplaneof the
vehicle (seefigureA.8.2).

. 8000
a=90°- arcsmg—i
H. g

where;

H, = thecantral height (in mm) of the vehicle measured from the horizonta plane on
whichitisstanding.

The direction of action of the active load shal not be changed during the calculation.

the active load shdl be increased by smdl incrementd steps and the whole gructurd
deformation shdl be calculated at every loading step. The number of loading steps shall exceed
100 and the steps shdl be quasi-equd.

during the deformation processtheload gpplication plane may, in addition to pardld trandation,
be dlowed to rotate around the axis of intersection of the load gpplication plane with the
transverse plane containing the centre of gravity, in order to follow the asymmetric deformation
of the supergtructure.

the passive (supporting) forces shdl be gpplied on the rigid underfloor structure causing no
influence on the structural deformation.
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Figure A8. 2 - Load gpplication to the supersiructure

The dgorithm of the cdculation and the computer program shdl meet the following
requirements.

the program shal take account of nonlinearities in the PH characteridtics and large scale
structural deformations.

the program shdl accommodate the working range of PH's and PZ's and shdl stop the
caculationif thedeformation of PH's exceedsthe vaidated working range (see Appendix 1 of
this annex).

the program shall be ableto calculate thetotal energy absorbed by the superstructure at every
incrementd load step.

at every incremental |oad step, the program sha| be able to demonstrate the deformed shape of
the bays forming the superstructure, and the position of every rigid part which may intrudeinto
the residua space. The program shal identify the incrementd load step a which the residud
spaceisfirg invaded by any of therigid structural parts.
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2.3.5.

3.1.

3.2.

3.3.

4.1.

4.2.
4.3.

4.4.

the program shal be able to detect and identify the incremental load step a which overal

collagpse of the superdructure begins, when the superstructure becomes unstable and

deformation continues without an increase of the load.

Evauation of the caculation

The total energy (E;) to be absorbed by the superstructure shall be determined as follows:
E; =0.75M. g .Dh

where;

M = M, the unladen kerb mass of the vehicle, if there are no redraints, or
M, the total effective vehicle mass when occupant restraints are fitted

G = thegravitationa congtant

Dh = theverticd movement (in metres) of the vehicle centre of gravity during arollover tes, as
determined in Appendix 1 of Annex 7

The absorbed energy (E,) of the superstructure is caculated at the incremental load step at
which the residud spaceisfirst touched by any of therigid structural parts.

The vehicletype shdl be approved if E_3 E;

Documentation of quasi- atic caculaion

The caculation report shal contain the following information:

detailed mechanica description of the superstructure containing the location of PZ'sand PH's
and defining therigid and eadtic parts,

data obtained from the tests and the resultant graphs,
astatement of whether or not the requirement of paragrgph 5.1. of this Regulation are met,

identification of the vehicdle type and the personnel responsiblefor thetests, the calculations, and
the evauation.
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Annex 8 - Appendix 1

CHARACTERISTICS OF PLASTIC HINGES

Characterigtic curves

The generd form of a Plagtic Zone (PZ) characteristic curve is anon-linear load- deformation
rel ationship measured on Structura parts of the vehicle in laboratory tests.

Plastic Hinge characteristic curves are abending moment (M)- rotationa angle (j ) rdationship.
The generd form of a PH characteristic curveis shown in Figure A.8. A.1.
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Figure A8. Al.1- Characteritic curve for aplastic hinge

Aspects of deformation ranges

The "measured range" of the PH characteristic curveis the range of deformation over which
measurements have been made. The measured range may contain thefracture, and/or thergpid
hardening range. Only vaues of the PH characteristics which appear in the measured range
shdl be usad in the calculation.

The "working range" of the PH characteritic curve is the range covered by the cacuaion.

Theworking range shall not exceed the measured range, and may contain the fracture, but not
the rapid -hardening range.
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2.3. The PH characteritics to be used in the caculation shal contain the Mj curve in the
measured range.

3. Dynamic Characteristics

There are two kinds of PH and PZ characteristics. quas-gtatic and dynamic. The dynamic
characterigtics of a PH may be determined in two ways:

3.1. by dynamic impact testing of the component.

3.2. by using adynamic factor K , to transform the quas-static PH characteristics.
Thistransformation meanstha  the values of the quasi- Satic bending moment may beincreased
by K.

For stedl structural dlements K, = 1.2 may be used without |aboratory test.

Figure A8. 1A. 2 - Derivation of plagtic hinge dynamic characterigtics from the satic curve
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Annex 9

COMPUTER SIMULATION OF ROLLOVER TEST ON COMPLETE VEHICLE ASAN

EQUIVALENT APPROVAL METHOD
Additiond data and information

The superstructure may be shown to meet the requiraments specified in paragraphs5.1.1. and
5.1.2. of this Regulation by a computer smulation method gpproved by the technica service.

If themanufacturer choosesthistesting method, thefollowing information shal besuppliedtothe
technica sarvicein addition to the data, and drawingslisted in paragraph 3.2. of thisRegulation;

A description of the gpplied smulation and cal culation method which has been utilised, and
cleer precise identification of the andysis software, including at leadt, its producer, its
commercia name, the verson used and contact details of the developer.

The material models and the input data utilized.

The vaues for defined masses, centre of gravity and the moments of inertia used in the
mathematica modd.

The mathematical modd

The modd shall be capable of describing the redl physical behavior of the rollover process, in
accordance with Annex 5. The mathematicad model shdl be congtructed, and assumptions
prescribed, in such away that the calculation gives consarvativeresults. Themodd shdl bebuilt
up with the following consderations:

thetechnical service may require teststo be carried out on the actud vehicle structure to prove
the vdidity of the mathematica modd and to verify the assumptions made in the modd.

thetota massand the centre of gravity position used in the mathemeatical modd shall beidentical
to those of the vehicle to be approved.

the mass distribution in the mathematica model shal correspond to the vehicleto be approved.
Moments of inertiaused in the mathematica modd shdl be caculated on the basis of thismass
distribution.

Requirements for the dgorithm and smulation program, and for computing equipment

The position of the vehicle in ungtable equilibrium at point of rollover, and the postion at
firgt contact with the ground shall be specified. The simulation program may start  the
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3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

4.1.

4.2.

4.3.

5.1.
5.1.1

5.1.2

unstable equilibrium position, but shdl start, &t thelatest, at the point of first contact withthe
ground.

The initid conditions & the point of first contact with the ground shal be defined using the
change of potentia energy from the unstable equilibrium postion.

The smulation program shdl run, at leadt, until the maximum deformation is reached.

Thesmulation program shdl produce astable solution, in which the result isindependent of the
incrementd time step.

Thesmulation program shdl be ableto cd culate the energy componentsfor the energy baance
a every incrementd time step.

Non-physica energy components introduced by the process of mathematica modelling (for
example, "hourglass’ and internd damping) shal not exceed 5 per cent of thetotd energy a any

time

Thefriction coefficient usedat the ground contact shall bevaidated with physical test results, or
the calculation shal prove that the friction coefficient chosen produces conservative results.

All the possible physicd contacts between parts of the vehicle shall betakeninto accountinthe
mathematica modd.

Evduation of the smulation

When the stated requirements for the Smulation program are met, the smulation of the changes
in geometry of the interior Structure and comparison with the geometrical shepe of theresidua
space can be evauated as defined in the paragraphs 5.1. and 5.2. of this Regulation.

If theresdua spaceisnot infringed during therollover smulation, theapprova shal be granted.
If the resdud space isinfringed during the rollover smulation, the gpprova shdl be refused.
Documentation

The report on the smulaion shdl contain the following information:

al the data and information stated in paragraph 1. of this annex,

adrawing showing the mathematical model of the superstructure,
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a gtatement of the values of angle, velocity, and angular velocity at the unstable equilibrium
position of the vehicle and at the position of first contact with the ground,

atable of the vaue of the total energy and the vaues of dl its components (kinetic energy,
interna energy, hourglassenergy), a timeincrementsof 1 mscovering, a least, the period from
first contact with the ground until the maximum deformetion is reached,

the assumed ground friction coefficient,

plots or data which show in an appropriate way that the requirements specified in
paragraphs 5.1.1. and 5.1.2. of this Regulation are met. This requirement can be satisfied by
the provison of aplot, againg time, of the di stance between theinside contour of the deformed
sructure and the periphery of the resdua space,

astatement of whether, or not, therequirementsspecifiedin paragraphs5.1.1. and 5.1.2. of this
Regulation have been met,

al te daa and information necessary for the clear identification of the vehicle type, its
superstructure, the mathematical mode of the superstructure, and the calculation itsdlf.

It is recommended that the report also contains plots of the deformed structure at the moment
when maximum deformation occurs, giving an overview of the superstructure and regions of
large plastic deformation.

At the request of thetechnica service, further information shal be provided and included in the
report.



