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Bus Rollover Protectlon Analy51s w1th LS DYNA as an approval

method accordmg to American and Europe Standards -
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Abstract: ']:he’ bus rollover is one of the most awful vehicle accidents. When a-bus rollover
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happens, because of the capacity of the passengers, the casualties are;severe. The satisfying of

}) Fed
rollover requlrements for buses and coaches are obligatory. For thlS reason, th1s paper
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presents a phys1cal meamng comparative analysis of the regulatlon "No. 66 ofj Eeenomtc

4he. |
Commrssron for Europev (ECfE R66) and the’ stgndafd No. 220 oleederal Motor Vehicle Safety

}

Standard in_American (FMVSS 220) by using | ﬁnlte element solver LS-DYNA. This #
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investigation firstly provided a comparative analysis of the abs-orbed energy ability of the
T absorb ener '5‘,/ u‘c,l:ﬂ' f:‘l' 1
superstructure and its mam reg1onsl and secondly gave out an evaluation of the displacement
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level of] fwmdow—and-door upper bars which-are the main components that strongly obstruct
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the opening of emergency exits infFMVSS 220 test and may Vlolate\survwor space 1n/rECE”
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R66 test. These results show a difference between; ECE R66 and FMVSS 220 and prov1de a

means i evaluating } bu’s superstructure strength
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1. INTRODUCTION ' Avpid verbosity and reduwnaancy.

aeci‘elént statistics, only from 1973 until nov(i there} are/nlore than 570 bus rollover accidents&['l, 2].

Although the bus” roll,o’ver accidents are less >than other kinds,

There are a lot of heart-breaking bus accidentsf As a result, according to the worldwide rollever
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U.S.A, Europe and some countrles the bus rollover safety«has already been enforced for buses and

coaches approval to reduce occupant injury‘. On Jan 4% 1977 the,kDepartment of Transportation,." .
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Bus Rollover Protection Analysis with LS-DYNA as an approval method according to American and Europe Standards
Il‘"‘ 2 3/ k n(; 5PM€1
United -States of America had enforced the FMVSS 220 standard for th€ school bus rollover
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protectlon whlt":h mcludp{tl transit buses and vans'vhav1ng the length less than 35 feet [3, 4]. On Jan 1,
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1987, lEeonomrc Commlssron Afor Europe had~enforeed Regulatron No 66 for Bus Strength of

cronym.

Superstructure in order to provide protection to bus and coach occupants during rollover accident+

type through;mamtenance of a survival space [5 6].

{>¢ Besides, other countries have/; regulatlons or standards for this; accident type teo. For

>4 example, the SANS 1563 regulation for the strength of large passenger vehicle superstructures

a (“\ ‘(r;,ﬁ \ ,jj 1
(rollover protectlon) in South Afrlca the ADR 59/00 for the Omnibus rollover strength in Australia,”
»wmmtb |
w,hie’h are the" modified versions of ECE R66 [7]‘)’ All-~of - them —are

TH
obligatory in each country. However the methods in use and )J:zs“ effectl}rg power of these

regulations are dlfferent Furthermore The Bus Manufactur,r;rg /aetorfef want to bring their
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products onto the Europe pf USA or-both of the markets. While- the BLus rollover safety in Europe is
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evaluated by ECE R66 and by FMVSS 220 1npUSA for school bus Therefore this - paper is
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\ anestrgatmg the compara‘uve analysrs \between ECE R66 and FMVSS 220, {two main regulations
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for bus rollover safety basex on computer srmul‘honv
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In recent years, automotive industries Are, eoncentratjrhg more on;vehicle rollover. There
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were marry researchers te study the structure strength of buses and the 1 1nJury analysrs of passengers’

in accordance with tests of the ECE R66 [5, 6]. Brow (1990) [8] tr1ed to use the CRASH D program
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to be a tool for desrgn and type approval of coach structures for rollover Examples are given of

/'[

CRASH-D analyses on a coach bay structure and on various structurg joints and section., TFhe |

program has been validated agamst full- srze physrcal rollover tests. Kecmanz et ﬁh (1990) [9]
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discussed that the effect of © llmte stiffness hinges™ on the energy absorbmg capacrty of/a bus body

structure subject to the type of approval procedure (according to the ECE R66) Qﬁ rollover safety.
by
Modelmg aspect of the same effect in-the finite element analysis of the collapsing ring have also

h
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been presented and illustrated by comparative tests on components and portal frames. Tpm et al.._ perfod

(1997) [10] showed that theyhave de'velopedxa simulation procedure using finite element analysis
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for studymg the structural resistance icomply with ECE R66 without actually performing a rollover

o } “l fhal
test. Aleksandar\-etwal (1997) [11] pointed out to the improvement of vehicle stab1lrty and
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crashworthiness to reduce rolloveg} and to provide increased oceupant protection in the event of

rollover‘;,"requires that the effects otlzdesign parameters on vehicle rollover propensity are thoroughly

understood. They showed that the roof configuration can be modified by replacing the longitudinal
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bars with dlagonal bars across the entrre length of the structure. The sensitivity design studies have
e ,

a by

|4 identified this as a viable approach resultrng m&lower mass of the bus frame (by up to 3%) and in a

reductron of the he1ght of the centre of gravity (by up to 2%), thus producing a better rolloveriorf the

Ve pnalysed th
oot | bus. Matyas (l9§8) [12] gave an analysrs about rollover process of a bus in-case-of a standard

: . ]
accident simulation. International regulatior‘}{require,sf \certain strength and energy absorbing capacity

i a. nas
of the superstructure to ensureAsuWival space for passengers. The kinetic energy of a rolling bus is
\s
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transformed into, deformatron work and 1nvolv1ng the energy losses too, Aan energy balance can be
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set-up, and studied. /audof (1998) [13] showed thatlthe EuropeanAComm1ttee of Economy pas (VT
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mynX ) accepted and issued a new regulation related to the bus superstructure s strength—m——l-986 The
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previous methods and all_the four test methods accepted in ECE R66Vare d1scussed the technically

‘g,gnzﬂ .

and critically in thr&paper And also porrlted out that the recently used combined Hungarian method - o B

b =
based on quasi-static tests of bus-frames andpisrmphﬁed computer simulation of rollover proves is thA[ .
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presented- too. ggm/ (2000) [14] reported that the ECE Regulation 66 is a regulatroh for all newly «/=7/on |
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registered coaches to be type—-approved for rollover crashworthiness. fAddrtronally to the approval S¥k
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type, a computer model was developed to predict the full-scale rollover test. AThrs model comprlsed
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a‘detail finite element mesh\eﬂd analyzed dynamwally{usmg LS-DYNA software. A‘Ift’ was, approved
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by the Vehicle Certification Agency in /QUK S0 that it could be used to gaanf\ﬁlture extension to the "

i ,\ a0l LSy
ECE R66 approval type of the Bova coach, without the need for repeat\ rollover testl Matya’ (2001)

[15] pomted that the ECE R66 drd not say too much about the problems and details oﬁbody section
/‘ﬁ- ,,; ‘3 WL ﬂ.!.-

H0- rollover test. Thlslp paper ¢ collected and d1scussed these problems and tried to find solutlons And

showed that it is a- brg problem to declde the standard of body sections and evaluate the test results.
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Bus Rollover. Protectlon Analysrs w1th LS-DYNA as an approval method according to American and Europe Standards

Belingardi et al. (2003) [16] studied the effect of a rollover accident gver the structuref and the
fﬂ{l(,(,lu'l[fu[‘f )E‘l‘rf“h[ J l l"t_l ’

passengers Ferwhat—ceneem the ro%lover of bus, in-Europe-the regulation-for-safety-approval is
Q{ 505 Jt vpney
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ECERG66. The effect of«occupants mass over the superstructure and the injury rrsk\ for passengers in
MADYMC ME-
| arollover accrdent was evaluated cons1dermg dlfferent conﬁguratlons The«programmbemg chosen ¥ |
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m f /to carry eut the srmulatren is- MADYMO the MB FE software developed by-TNO. The mass ..
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increment due to, presence of passengers effects mgnrﬁcantlyt the deformatlon of the superstructure
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and the absence of any prescription Qf restraré systenrs does not peﬂrﬂt to protect the‘ passengers
against Very ser1ous or fatal injuries. Castejon et al (2004) [17] shewed a s1mulat10n techm,eal for

the' rollover test? "Ehrsteehmcal is based on Geneva regulatron number 66. Moreover, a prototype of
J ) Iy 101 U

X the composite bus m the Hrspano Carrocera S A Company has-been-developed-and-manufactured,

iﬁ-&rfler-te,-be tested under several load cases enclosm dynamic and static measurement with strain
g dy.

1 0
DeX

gages at representative points. Belingardi et al 2005 [18] 1nvest1gated the influence of the seat and
c e bedy i ¥ “p
the restraint system on bus-body structure strength,éand affeets of 1nJury on, passengers themselves

by using; Bay section mult1body (MB) and EUROSID 1 dummy model. And they also developed
the MB seat model ter use Lmtet«al (2006) [19] built, CAE model and used the sensitivity and

'optimiEation analysis methodology to study the relationship between the lowest shear mode and the

welght of the bus to ﬁnd out the optimized parameters for building a new model meetmg the ECE
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R66t Although many studres have been done on bus structur;e strength{ almost of them are ﬂowmg

,»r “he

11 or based on ECE R66 to carrymg out therr research,ﬁ!/s’ The ECE R66 is ,a main regulatron abeut the

~ strength of superstructure that prescrrbgg a test to be chosen between 1ts dlfferent kmds Another

‘4 \I‘v,jt \
ok .| preseri | e

regulation about the structur,e strength is FMVSS 220 [3] “that descnbes the school bus rollover

protection. However, the comparative analysis between ECE R66 and FMVSS 220J,is’ stil‘l limited. x5
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- Until now, the capacity of computer and FE software are confirmed in predictive @yslyamd
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computing assistances of Bus structure [8, 10, 14, 16-21]. That jm point in ECE R66
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version 2006 in which the computﬁ /wlahe?\ﬁth\ﬁﬂls&le\ model is official using as an

\\
assessing method for/the)ou/sﬂlover protection requirements [6]. This paper used LS-DYNA code
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Sticky Note
My editing of this report stopped at the end of the previous paragraph, ending with the word "limited."
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