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l. The informal group was organi zed on the basis of GRSG s deci sion (see
TRANS/ WP. 29/ GRSG 52, para. 20). The participants were:

Donal d MacDonal d
Dusan Keonan
lan Corfield

Uni ted Ki ngdom

Ger many: Rol and Ni ggestich
M chael Becker
Hubert Humrel

Andr és Garci a
Enrique Alcal a
Mat ol csy Matyas
Mol nar Csaba

Vi ncye Papp Sandor

Spai n:

Hungary:

s9995553 393

Two neetings have been organi zed
|. Budapest, 19-20 January 1998.
1. Cranfield, 23-24 March 1998.

This report contains the final results of both neetings. The basic docunent
of the two neetings were:

- TRANS/ WP. 29/ R. 305 (Prepared by the United Kingdom Spain and
Hungary)
- I nformal docunent No. 3 (73rd session GRSG - German comment s

During the two nmeetings a nunmber of informal docunments were distributed and
di scussed. The list of these docunents is attached in annex 1.

. Wth respect to docunment TRANS/ WP. 29/ R. 305 the Parties agreed on the
following first priority subjects:

1. Scope

The mass of belted passengers

3. The mass of luggage located in the baggage conpartnent bel ow the
floor

4. Relation between manufacturers and Technical Service, the need of
compl ete bus when applying for approva

5. Seati ng arrangenents

6. Pendul um t est

7

8

N

Resi dual space

. Test results as Type Approval evidence
9. Depth of the ditch at rollover test
10. Direction of rollover test
11. Wheel support at rollover test (tilting platform
12. Definition of types and nunber of bays
13. Energy concept, equations, shape of the bus, determ nation of “h”
14. Determnation of the factor 0.75
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15. Distribution of absorbed energy
16. Cal cul ati on net hod.

The GRSG standpoint and deci sion are needed on these subjects, on the
basis of which the nodifications of the text, and refornulation of
Regul ati on No. 66 can be nmade.

During the discussion of docunent TRANS/WP. 29/ R. 305, the Parties agreed
that other relevant subjects, such as the consequences and rel ated
problens to the first priority questions |listed above, should be al so
di scussed. The followi ng are some exanpl es:

A. Definitions

B. Alternative test methods

C. Howto test articul ated buses

D. Specification of ditch surface

E. Quasi-statis bay test.

Di scussing the first priority subjects listed in chapter 1l, the Parties

expressed their views as follows (the reference pertains to the |ist
nunber in chapter I1.)

General remark made by the United Kingdom and Ger many:

The anmendments to Regul ati on 66 have to be safety-led, but al so assessed
in terns of the detrinmental environnental and cost effect of (too) heavy
and (rmuch) nore expensive structures. The expert from Germany al so

poi nted out that the structure of the present regulation should be

mai ntai ned. |If the delegations see a necessity for any fundanenta
change, it should be established on the basis of recent accident
research.

ad 1. Scope

(a) The nunber of passengers is open until the final decision about
m ni buses (involved or not) is nade;

(b) The extension of Regulation No. 66 to mnibuses and doubl e-
deckers was commented by the Parties as foll ows:

- Uni ted Ki ngdom and Germany reconmended to consider aligning
the scope of Regulation No. 66 with the Regul ati on No. 36

- Spai n proposed the extension for both categories, for the
m ni buses at | east those in which the passenger capacity
exceeds 16.
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- Hungary’s opinion; the current scope is valid for high
decker coaches too, but the test nethod and the requirenments
are not appropriate for this category, for approval. |If
this problem would be solved (see item9) the nodified test
met hod coul d be acceptable for m ni buses and doubl e- deckers
as wel | ;

(c) The Parties do not see the necessity of any further linmtation

in the scope (e.g. speed and mass linmits) and its footnote, on
page 1 of Regul ation No. 66.

Mass of belted passengers

ad

Spani sh experts gave sone brief information about a bay test
series sinmulating the follow ng situations:

- enmpty body without seats;

- enmpty body with seats;

- seated body with unbelted dunm es;

- seated body with | ap-belted dumm es;

They prom sed a brief witten report about the test result.

The experts fromthe United Kingdominforned the group about a
bay sinulation series (conmputer simnulation):

- enpty body with seats

- | ap- bel ted passengers on the seats;

- passengers with three point belts;

- rigid masses in the centre of gravity of seating
passengers.

They presented a witten report about the results of this study
(see annex 1, para. 14)

The Parties generally agreed to consider the nmass of belted
passengers, but further exam nation and research was needed on
how to proceed.

Germany pointed out, that consideration of belted passengers
could only be justified if the regulation would be revised in
line with the actual accident processes.

Mass of luggage located in the baggage conpart nent

German opi nion: Consideration of mass of the baggage could only
be justified, if the regulation would be revised in line with
the actual accident processes. Taking into account the mass of
the baggage will increase the height of the centre of gravity.

Spai n: they do not have specific opinion on this subject yet.
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- Uni ted Ki ngdom opi nion: involving this mass, the kinetic energy
of the bus could be too high, the test could be too severe.

- Hungary: the volume of the baggage conpartnment has been
consi derably increased in recent years (high decker tourist
coaches). The luggage mass could reduce the height of vehicle
centre of gravity.

- Parties agreed that further study was necessary on this subject.

ad 4. Presentation of conplete bus when applying for approval

The parties agreed that the reference data used for Approval

requi rements must be finally confirmed to the Technical Service by
presentation of the whole vehicle which is either equal or “better”
than the worst case approved, and specifically to check the nmass,
axl e | oads, and position of centre of gravity. The conpliance of
the manufactured structure with the approved design is part of the
Conf ormance of Production Control

ad 5. Seating arrangenent

The Parties agreed that the manufacturer could ask for Approva

i ndependently from seating arrangenment, on the basis of “worst

case”. The “worst case” is to be defined by the Technical Service
after consultation with the manufacturer. The “worst case” could be
the body w thout seats (no supporting effect) but with seat masses
and with the maxi num possi bl e seat number (nmaxi mum nass) or ot her
combi nati on of those

ad 6. Pendul um test

- Hungari an, Germany and Spani sh opinion: delete this test, but
the buses which have been approved by the pendul umtest shoul d
not need new approval .

- The United Kingdom had reservations concerning elimnation of
the pendul um bay test in view of its:

(a) presence in all other rollover safety Regul ati ons;

(b) conservative nature;

(c) close resenblance of the quasi-static cal cul ati ons approva
met hod.
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ad

7. Residual space

Parties agreed on the followi ng two principles:

- When determ ning the residual space it should be related to the
body and not to the seats;

- The residual space should be extended to the driver’s
compartnment as well as to the crew s conpartment (seat).

Ad 8. Test results as type approval evidence

Ad

The Parties agreed that the Regul ation has to describe exactly the
data (test results, input and output data for calculation, etc.)

whi ch must be presented and docunmented as the evidences of Approval.
But this demand should not harmthe intellectual property rights of
the manufacturers. Spain presented a proposal (see annex 1,

para. 8) on this subject.

9. Depth of the ditch at rollover test

- The United Kingdom and Gernmany see the ditch di nensions as a
fundanental reference in the Regul ation, describing the “typical
acci dent environnent” and are hence in favour of keeping the
current specification. The depth of the ditch was determ ned
based on the findings of accident research and is a fundanental
reference in the regulation. The basis of the present concept
of the regulation is to have one figure for all buses/coaches
i ncluded in the scope; to be able to change the figure, a |arge
anount of accident research woul d be necessary.

- Germany pointed out that the higher the vehicle is, the nore
severe is the present Regul ation No. 66 test.

- Hungari an experts pointed out and proved with docunents that the
recent depth value (800 nmm is not appropriate in the case of
hi gh decker coaches, because the deformation of the structure
could be limted by the geonetrical configuration even in the
case of a very weak superstructure (see annex 2). The fl oor
hei ght (or waistrail height) above which this linmtation takes
pl ace cannot be defined easily, while it depends on the shape of
the body as well as the inner height of the passenger
conpartnment, etc. Therefore Hungarian experts propose a
nmodi fied rollover test nmethod (changing depth of the ditch, or
usi ng shaped ditch, or their combination). Annex 3 shows the
principle of these possibilities. Annex 4 gives an idea about
the technical arrangenent of this test facility, which is not
essentially a new principle. This nodified test nmethod could
sol ve the problem of testing (and approving) mni buses and
doubl e-deckers in the frame of one regulation if necessary.



TRANS/ WP. 29/ GRSG 1998/ B
page 7

- Spain wanted to have one regulation for all kinds (classes) of
buses, but they do not see the necessity for a change in the
depth of the ditch.

ad 10. Direction of rollover test

The Parties agreed that the decision (which direction should be used
in the rollover test or simulation) belongs to the Technical Service
and not to the manufacturer. Only one direction rollover test can
be required.

ad 11. Wheel support at rollover test (tilting platform

The Parties agreed that sone paranmeters of the tilting platform
(e.g. wheel support, axis position of rotation, etc.) have a great

i nfl uence on the rollover test results (and in their conparison).
Therefore this should be well defined in the regulation, using fixed
val ues and not ranges for the geometry. Annex 5 gives sone
proposals. The dinmensions of the wheel support is agreed as

fol | ows:
hei ght 80 mm
wi dt h 20 mm
edge radi us [10 mm
l ength, mn. 500 mm

The exact position of the axis of tilting should also be defined
The val ues shown in annex 5 in brackets are not yet agreed; they
represent a fixed value fromthe existing ranges.

There is also a need to specify the tilting rig for bay tests.

Ad 12. Definition of types and nunber of bays to be tested

Di scussing this subject, the Parties expressed their comon view
t hat :

- the bay test should be connected with the cal cul ation of the
whol e body;

- the bay test alone is not acceptable as well as cal cul ation
al one - without |aboratory test - cannot be used.

Techni cal Service should determ ne the nunber and types of sections,
bays to be tested. The expert fromthe United Kingdom presented a

document (see annex 1, para. 13) al so enphasizing the inportance of
the roll nonent of inertia.
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Ad 13. Energy concept equations, shape of the bus, determ nation of “h”

The Parties agreed on the follow ng:

- only one fornula should be given for determ ning energy
E* = 0,75 Mgh. (This is needed in the case of quasi-static
cal cul ati on, dynam c sinmulation, and pendulumtest);

- the real shape (in cross section) of the bus should be used when
determ ning the value of “h”;

- determ ning the real value of “h”, the further deformation
(after the inpact of cant rail) should be considered. The way
of this nust be studied in the future.

CGermany expressed the opinion that the current determ nation of “h”
shoul d be nmi nt ai ned.

The United Kingdom suggested that the final aimof E* energy and its
“0.75" and “h” components is to reproduce the consequences of a
full-scale rollover test, without erring on the unsafe side. It is
the final figure that eventually counts.

ad 14. Determ nation of the factor 0.75

- The United Kingdominforned the experts that in the ADR
(Australian Design Rule) this energy factor is |lower (0.62);

- Hungari an experts enphasi zed that for the appropriate rollover
sinmul ation: the structure, the phenonena influencing the factor
0.75 and its conponents should be clarified and defi ned.

ad 15. Distribution of absorbed enerqgy

On the basis of the proposal of the United Kingdomthe Parties
agreed on the following principle: it is necessary that the
distribution of the absorbed energy should broadly follow the mass
distribution along the bus. Spain proposed to put this requirenent
into the main text (instead of the annex).

ad 16. Calculation nethod

The Parties agreed on the principle outlined in docunent
TRANS/ WP. 29/ R. 305 t hat:

“Annex 6 needs a significant review to establish a conmon
interpretation of the regulation and set requirenents that wll
narrow as much as may be reasonable the variation within which the
Techni cal Services may operate, not to conprom se the conparative
qual ity of Approvals.”
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The Parties agreed that two kinds of cal cul ati ons shoul d be
consi der ed:

- dynam ¢ sinul ation: conputer sinulation of rollover test with
masses, mass forces, etc.;

- quasi -static calculation: forces acting on the cant rail
detected deformations until energy E* is absorbed.

Exact, detailed requirements should be fixed in the regul ati on about
the tools (e.g. program, nethods (e.g. nodelling, assunptions,

i nput data, etc.) and their docunentation. ldeally, it should be
possi bl e for one Technical Service to reproduce the Approval

cal cul ati ons, produced by another service. However, in view of the
organi zational and technical difficulties that may arise, this my
not always be possible. It would be useful to agree, in principle,
how such di sagreenments may be dealt with. Al of the parties gave a
short presentation to show that the cal cul ati on nmethod which is used
in their countries for approval (in addition Hungary and the United
Ki ngdom presented a dynam c sinmulation too, which is used now in
devel opnment). In the light of these presentations, the Parties
establ i shed the main subjects which have the utnopst inportance in
the cal cul ati on and net hodol ogy used by the countries. The sunmary
of this study is given in annex 6.

di scussing the subjects listed in chapter IIl the Parties nentioned

the foll owi ng conmon opi ni ons:

ad A

ad B.

ad C

Definitions.

The definitions should be reviewed when di scussing the
i ndi vi dual subjects and not independently.

Al ternative test nethods.

It should be seriously considered during the future discussions
whet her the Technical Services are able to decide that a new
test or calculation nmethod (not specified in the regulation) is
acceptable or not. The United Kingdom was explicitly against
of fering further options for approval.

Rol | over test of articul ated bus.

According to the existing regulation, the two parts of

articul ated buses have to be tested (sinulated) and approved

i ndependently. However, there is no fixed requirenent about the
theoretical (e.g. masses) and technical (e.g. support of the
part having one axle) disconnection of the two parts.
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ad D. Specification of ditch surface.
Assuring the simlar, reproducible testing circunstances, the
quality of the surface (e.g. dry, rigid, snmooth) should be
speci fi ed.

ad E. Quasi -static bay test

Clarify the position of this option before concluding the
formul ation, e.g. is the quasi-static bay test:

(a) part of a calculation process (annex 6)?
(b) a new test procedure introduced under para. 6.2.7

Also, in ternms of |oad application and speci nen nounti ng
conditions, this test |ooks very simlar to the strongly
criticised pendulumtest, |less the dynam c | oadi ng aspects.

VI . The report of the two nmeetings of the informal group were presented

during the seventy-fourth Meeting of GRSG in April 1998 for further
di scussi on. CGRSG shoul d deci de about the fruther procedure.
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Annex 1

LI ST OF | NFORMAL TECHNI CAL DOCUMENTS

Docunents for ad hoc neeting dealing with Regulation No. 66 (Hungarian
material, 1997, Decenber).

M nutes of GRSG ad hoc neeting, Budapest 19-20 January 1998.

German coment on the M nutes of Budapest neeting.

ECE Regul ation No. 66 - German position.

The United Kingdom comments on the M nutes of Budapest neeting.

The United Kingdom stand on the priority issues agreed in Budapest.

ECE Regul ati on No. 66 - the Spanish stand on the priorities agreed in
Budapest .

Speci mens of certification of superstructures approved by Regul ation
No. 66 of Geneva (Spanish material 23.03.98).

Summary of AUTOKUT rol |l over sinulation method for approval (Hungarian
material 23.03.98).

Information to GRSG ad hoc group from AUTOKUT (Hungary) containing the
fol | owi ng:

- Pendulum test on bus cross sectional rings;
- Supporting of wheels on tilting device;
- Nunerical calculation at AUTOKUT.

Bl ock di agram of Spani sh cal cul ati on nmethod (23.03.98).

Strength cal cul ati on of bus superstructures in the |ight of international
| egi slation (Hungarian dynami c sinulation nethod used in the devel opnment

practice, not in official |egislation 23.03.98).

The United Kingdom procedure for type-approval of the PSV structures for
roll over safety by calculation with conponent tests. (Detailed report by

Dr. D. Keoman, CIC 23.03.98).

Large PSV-Strength of superstructure-ECE Regul ati on No. 66 (Final report,

made by ClIC on the order of DETR-UK February 1998). Main subjects:
standard acci dent, pendul um bay test, energy to be absorbed by the
structure, effect of the roll monment of inertia, and of belted
passengers.
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Annex 6

MAI N SUBJECTS OF THE CALCULATI ON METHOD

On the basis of four plus two presentations on the Approval and devel opnment
cal cul ati on nethods, the ad hoc group established the nost inmportant features
of the alternative approaches used in the four countries represented. These
are sunmari zed below as an illustrative evidence, w thout qualification.

1. Types of cal cul ati on nethod

Bot h quasi-static calculation and dynam c simul ati on approaches are used
for approval

Quasi -static nethod: relies on the elastic and plastic properties of the
compl ete structure, and replaces the inertia effects and dynamn c | oadi ng
by quasi-static cant rail |oading and underfloor support conditions. The
total energy absorbed before contacting the residual space is conpared
with the energy E*¥ in the Regulation, or its equival ent established by
rolling representative bays.

Dynamic sinulations: sinulate the rollover process, involving the
structural and inertia effects using a wi de range of nodel conplexities.
Bot h approaches presented include the E* energy and nonitor that the
resi dual space is not intruded.

In principle both nmethods are acceptable.

2. Det erm nation of CG hei ght

W de variety in the practice:

- Manuf act urer declaration without test at the application stage (with
possi bl e experinental checking of the conplete vehicle)

- Measuring by the Technical Service using different nethods:

- with rigid (fixed) axle suspension or with working one, with
rigid wheels or original wheels, etc.;

- tilting side-ways or lifting at front (or rear) the vehicle;
- By calculation with some experinental data.

The principles of the acceptable nethods should be given in
Regul ati on No. 66
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Det erm nati on of nasses

Axl e | oads are neasured, or calculations with sonme experinental data are
The roll nmonment of inertia also has a significant effect on the

roll-over dynam cs and the energy absorbed. It should be included into
the Regul ation, follow ng sone additional research.

used.

Test

evi dences of calculation

Great nunber of test variations are used now,

conponent test only (both static and dynamc) with or wthout
dynami c factor (1.2);

static bay test (combined with conponent test);
bay rollover test;
using results of former tests;

substitution and interpolation using the results of simlar,
not the sane conponent test.

Mbdel ling of the structure

generally the real cross section shape is used;
the conplexity of the structural npdels varies greatly;

between the main structural elements (rings) the intermediate
effect is sinulated by different ways: rigid beam elastic
springs, elastic structural elenents, etc.);

different nethods are used for determ ning the |ocation of
pl asti c hinges;

the effect of certain structural elenents, |ike wheel arches,
partitions, toilets etc. are nostly negl ected;

determ nation of rigid structural elenments, |ike underfrane
structure, roof (sometines), rods between the plastic hinges,
etc.

but
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6. Loadi ng and supporting conditions

Different methods are used in the tests of quasi-static cal cul ations:

- | oading only at the cant rail, with equal displacenents giving a
reaction at 25° to the floor and designing the structure so that
the distributions of the mass and energy absorbed al ong the
structure are simlar;

- the angle of the load is adjusted to the real geonetry of the
cross section shape;

- | oading at the cant rail first and after a certain deformation
putting | oad on the waistrail too (sinulating when wastre
touches the ground);

- the (sinple) supports of the structure under static cal cul ation
are usually at the joints between the main underfl oor cross
beans and upper and | ower |ongitudionals and chassis connections
(if any).

In case of dynamic sinulation the | oads are determnmi ned by mass forces.
Questions to be studied are:

- the supporting conditions at the wheels;
- sinmulation of friction;
- the build up of dynamic reaction forces.

7. Eval uation of the results

Different criteria are used in the countries. The common features of the
eval uation are the follow ng:

- | oading until the required energy (E*) is absorbed by the
structure

- checking the energy absorption whether it is proportional to the
mass distribution along the length of the bus (the dynamc
sinmul ati on does not need this checking);

- checking the individual ring deformations whether the survival
space i s untouched
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8. Cal cul ati on _checks

The experts agreed that in case of sophisticated, non-linear

cal cul ations, certain calculation checks should be built into the program
whi ch can check e.g. the order of the internal |oads, the validity of the
pl astic hinge characteristics etc.

9. Interpretation of test results

Different methods are used in existing practice. The follow ngs subjects
were nentioned, as part of the docunentation:

- basic principles of the cal cul ation;

- drawi ng of the bus, especially of its superstructure with al
the required geonetry;

- structural analysis and its result: the nodel of the bus;
- masses, their |ocation, position of centre of gravity;

- test results (static and dynami c): deformation curves of bays,
pl astic hinge characteristics;

- determ nation of E* and energy distribution;
- absor bed energies;
- ring deformations, distances fromthe survival space
- the whole file of the cal cul ation.
The experts of the ad hoc neeting agreed that the docunentation of the

cal cul ati on should provide the transparency of the calculation. There was a
di scussi on about the conditions of the reproducibility.



