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Problematika overitve nosilnosti karoserije avtobusa pri prevrnitvenem testu
Problems of Bus Body Strength Verification During ECE 66 Roll Over Test

Predpis ECE 66 doloéa za odobritev velikih potnigkih vozil tri metode praktiénega pre-
izkufanja trdnosti karoserije in eno alternativno, ki jo odobri strokovnjak s tega podrodja.
Ker so eksperimentalne metode preizkufanja drage, ima letrta metoda veliko prednost. V
prispevku so predstavijeni modeliranje in rezultati numeriénega preracuna detajla karoserije
avtobusa. Prikazano je prakti¢no preizkusanje enakega detajla. V sklepu so zapisane ugotovitve
o natan®nosti numeriénega izratuna ob primerjavi z rezultati preizkusanja.

The ECE Regulation No. 66 prescribss three test methods for the verification of strength
of superstructure, and one additional method approved by the competent expert. Because of
the high costs of the testing included in the first three methods, the fourth method has a
great advantage. Modelling of the part of the superstructure and the results provided by
calcufation are presented in the paper. Planning of the testing bench for testing the same
part of the superstructure and the results obtained by the testing are shown. In the
conclusion, the findings about the accuracy of the calculation in comparison with the test
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results are presented,
0 UVOD

Po predpisu Evropske komisije ECE 66, ki
dolota enotne pogoje za odobritev vellkih potnizkih
vozil glede na trdnost karoserije, naj bi bila vsaka
vrsta vozila preverjena z eno od naslednjih me-
tod:

— preizkus s prevrnitvijo celotnega vozila,

— prelzkus s prevrnitvijo dela vozila ali enega
od delov celotnega vozila,

— preverjanje trdnosti karoserije z izraunom
v skladu z dodatkom predpisa in

— alternativna metoda, ki jo odobri strokov-
njak s tega podrodja.

Preverjanje s praktiénim prevratanjem je
predvsem za manj3e izdelovalce avtobusov drago,
kar daje prednost éetrti izmed navedenih metod,
torej preverjanju z rafunsko metodo. Za izvedbo
te naloge je na trZis¢u na voljo veliko ratunalni-
gkih programskih paketov, ki temeljijo na metodi
konénih elementov.

Kakovost rezultatov raéunalnifkih simuliranj
je razlitna (seveda je odvisna tudi in predvsem od
modela, ki ga sestavi uporabnik sam), zato jih je
treba preveriti z rezultati praktiénih preizkuZanj
togosti detajlov karoserije,

1 RACUNSKA METODA
Najprej je bil s programskim paketom ANSYS

izdelan rafunalnitki model ravninskega okvira
karoserije avtobusa,

0 GENERAL OVERVIEW

Each type of wvehicle should be checked
against ECE Regulation No. 66, which determines
unified conditions to be met for production of
large passenger vehicles regarding strength of body
and/or chassis. This check can be done by one of
the following set of methods:

= roll-over test of the full representative of
a vehicle
— roll-over test of the part of a vehicle

— check of the body strength with a calcula-
tion in accordance with ECE Reg. No.66.

— check against the alternative method
approved by an expert.

Checking against real roll-over is expensive
especially for smaller companies, thus an advanta-
ge is given to the fourth of the specified methods,
i.e. the alternative method. The task can be done
with the aid of several methods (for example
FEM), which are implemented in a lot of software
that is nowadays available on the market.

The quality of such computer simulation
results is variable (depending primarily on the
quality of the model built by a user), therefore
results should be checked against the set of
experimental tests measuring the stiffness of

bady details.

1 NUMERICAL APPROACH

At the beginning a computer model of a plane
truss of the bus body section was made with the
aid of ANSYS software,
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MNa sliki 1 je predstavljen tak model. Zgra-
jen je iz linijskih elementov, ki v analizi omogo-
tajo med drugim tudi upo3tevanje plastifikacije
prereza in utrjevanja materiala. Model je &lenka-
sto podprt v spodnjih dveh vozliséih in obremen-
jen v wvodoravni in navpiéni smeri v desnem
zgornjem vozlisdu.

| eekoiin

Figure 1 shows a model of the body section.
It is built from 2-D beam elements which among
other features, have the ability of modelling cross
- section yielding (i.e. material nonlinearity and
material hardening). The model was supported at
lower two nodes (joints transferring forces only)

and loaded in horizontal and vertical directions at
the upper right hand node.
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Sl. 1. Radunalnidki model ravninskega okvira karoserije avtobusa
Fig. 1. Computing model of the plane truss-section of the bus body
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Sl. 2. Deformacija okvira na festi obremenitveni ravni
Fig. 2. Deflection of the truss at the 6P Jpad level

Naslednji sliki prikazujeta potek upogibnih
momentov (sl. 3) in potek napetosti (sl. 4) na
Eesti, tj. zadnji obremenitvenl ravni.

The following two figures show bending
moment allocation (Fig. 3) and stress allocation
(Fig. 4) at the last, i.e. 6th load, level,



STROJNISKI VESTNK — JOURNAL OF MECHANICAL ENGINEERING, LJUBLJANA (41) 1995/7—8

249

=
FLOT BO. ]
PFOITL LINE STRISH
aTEF4
ITENSI0
mil HiJ
RAX =0, 1A3E+3T
ELEw=]
v =]
IET=148
Tr =lkR

A

Wy

~
e

 wmkoija

AEETE 4, dAl
BEF I8 1994
18siFala

B, 106E&ET
B AT

Sl. 3. Potek upogibnih momentov na Sesti obremenitveni ravni
Fig. 3. Bending moment allocation at 6" load level
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Sl. 4. Potek napetosti na Sesti obremnitveni ravni

Fig. 4. Bending stress allocation at 6 "oad level

Rezultati kaZejo, da se deformira v bistvu le
nadgradnja avtobusa, Zasija pa je dovolj toga, da ne
utrpi vecjih deformacij. Zaradi tega se pojavljajo
krititna mesta na spoju %asije in nadgradnje ter
na spoju stranske stene in strehe, kjer se nape-
tosti zvidajo na 296 MPa. Ker je meja plasti¢nosti
za uporabljeni material pri 290 MFa, to pomeni, da

je del okvira na tem mestu v plasti¢nem podroéju.

Po teh rezultatih smo se odlotili, da se bo
praktiéno preizkusil detajl okvira, katerega ra-
tunalniZki model je predstavljen na naslednji sliki
(sl. 5).

The results show that in essence only the su-
perstructure part of the bus body deforms, the
chassis on the other hand remains sufficiently stiff
50 that it does not suffer deformation. A conse-
quence is the occurrence of critical details at the
region of the chassis — superstructure connection
and at the superstructure' s lateral wall and the
roof , where maximum stress is 206 MPa. Because
the yield stress is 290 MPa for the material used
it can be concluded that the truss region in the
vicinity of the specified connections yields.

On the basis of the above results it was deci-

ded to make an experiment on the real truss detail
whose computing model is presented on Fig. 5.
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S1.5. Racunalniski model ravninskega okvira
Fig. 5. Computing model of detail of plane frame

Zgrajen je, prav tako kakor prvi model, iz
dvodimenzijskih linijskih elementov. Model je kon-
zolno pedprt v vozlistih &t. 2 in 4, prijemaliste
sile, ki deluje le v prikazani smeri, pa je v voz-
lisdu &t. 13.

MNa sliki 6 so prikazani rezultati prerafuna
upogibnih momentov na sedmi, zadnji obreme-
nitveni ravni.
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It is built in a similar way to the first one -
from 2-D beam elements. The model was sup-
ported at nodes No. 2 and 4 (all 6 DOF) and the
force acting in the presented direction was intro-
duced to node Mo. 13.

In Fig. 6 the results, i.e. bending moments on
the (7'™) last load level are presented.
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S1.6 Potek upogibnih momentov na sedmi obremenitveni ravni
Fig. 6. Bending moment distribution over the model of plane truss detail at 7P load level

Naslednji sliki prikazujeta potek napetosti
(sl. 7) in deformirano obliko modela (sl. 8). Zani-
mivejsa je vsekakor slika 7, na kateri je mo¢ opa-
ziti plastiéno obmotgje dela detajla okvira. Na tem

The next two figures show stress (Fig. 7)
distribution and deformed shape of the model
(Fig. 8). Fig. 7 is the more interesting one, beca-
use the region yielded by the detail can be clearly
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S1.7. Potek napetosti na sedmi obremenitveni ravni
Fig. 7. Stress distribution on the 7' load level
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Sl. 8. Deformacija detajla

Fig. 8. Deflection of the detail model

mestu je mogole treba pojasniti skoke v diagramu
napetosti na mestu spoja nadgradnje s Sasijo. Ti so
posledica kotne ojatitve z vzdolZne spreminjajodim
S€ pPrerezoim.

Ker uporabljeni programski paket ne omogota
modeliranja z linijskimi elementi, katerim bi =e
v vzdolZni smeri prerez spreminjal, je bila kotna
ojatitev nadomestena z dvema elementoma z
vetjima prerezoma. Take je kljub veljemu upo-
gibnemu momentu napetost manjsa zaradi vedjega
prereza.

recognised. Several »jumps« at the regions of su-
perstructure and chassis connection in the stress
diagram can be explained as a consequence of non-
uniform geometry at that region, they are the con-
sequence of cantilever shaped joint reinforcement.

Because there were no such beam elements
in the ANSYS software whose cross section
might change linearly, the joint reinforcement
plus upper vertical chord were modelled with two
beam elements of different cross-section proper-
ties. Therefore, although the bending moment was
bigger, the stresses were smaller due to the over
stiffened cross-sections.
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2 PRAKTICNI PREIZKUS

Maslednji korak je bila izdelava preizkufeva-
ligta, ki je predstavljeno na sliki 9. Njegovi glavni
sestavni deli so: hidravliéni valj, ki je privijaten
na zvarjeno in vijateno ogrodje, merilna doza za
merjenje velikosti obremenitev, preizkuSanec in
induktivni dajalnik premikov (LVDT).

2 EXPERIMENTAL TEST

In the next step a testing bench presented in
Fig. 9 was built. [ts main parts are: hydraulic
cylinder, incorporated into welded, and screwed
framework, load cell for load measuring, tested

object, and LVDT sensor.
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S1.9. Preizkusevalifée
Fig. 9. Testing bench with tested object

Ma sliki 10 pa je predstavljena merilna veriga.
Vlogo primarnih zaznaval prevzemata v tem pri-
meru telo merilne doze in preizkuSanec sam, Za-
radi delovanja sile na batu hidravli¢nega valja se
deformirata, te deformacije pa zaznajo oziroma
izmerijo sekundarna zaznavala; v tem primeru
merilni trakovi, povezani v Wheatstonov mostic
in linearni variabilni diferencialni transformator
(LVDT). Iz sekundarnih zaznaval dobljene nape-
tosti, je treba ojatiti z ojafevalcemn in zabeleZiti
na snemalno napravo,

Figure 10 shows the measuring chain. The
role of primary sensor is played by the body
of the load cell and the tested object. Due to
hydraulic force action, both deform, and these
deformations are registered and measured by
secondary sensors (LVDT) and Wheatstone bridee
wired strain gauges. Secondary sensors provide
voltage signals that have to be amplified and
recorded,

ol Mering doza - Mariini ks
Load call Strain gauge
h 4
Higravkini val) Mgl Cydlevake: Ripalnik
Hydraulic cylinder e amplifigr Plotier
L J +
Praakuianec
Testing object B LVDT

S1. 10. Blokovna shermna merilnega sistema.
Fig. 10. Block diagram of measuring chain.

Pred samim merjenjem je bilo treba umeriti
merilno sondo, induktivno zaznavalo in celotno
merilno verigo. Obremenjevanje preizkufancey
je bilo izvedeno s hidravliénim agregatom in va-
ljern do najvecjega giba bata hidravlitnega va-
lja.

Before carrying out the experiment, the
measuring chain has to be calibrated. Loading was
obtained by a hydraulic unit, and was per-
formed till the maximum piston path was re-
ached,
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Majpre] sta bila preizkusena dva preizkuanca,
ki sta ustrezala ratunalnizkemu modelu (sl. 11).
Mato pa sta bila preizkufena e dva preizkuSanca,
ki sta natanéna posnetka omenjenega detajla kon-
strukeije avtobusa (sl. 12). Od prvih dveh se raz-
likujeta v dveh pre¢nih vezeh, tj. podni in pod-
okenski vezi. Prav podna vez je, kar bo pokazano
v nadaljevanju, glavni krivec za znatno zmanj8a-
nje togosti tega detajla.
Kotna ojatitev

Jaint reinforcament’,

, o AOnAON2
-
B0x40x3

s IR

First, two tested objects whose shape and
geometry correspond to the computing model on
Fig. 11 were tested. Next, two testing objects
that were exact images of a real detail in the
bus body were tested (Fig. 12). They differ from
the first two in their two lateral connecting
chords, i.e. floor chord and under-window chord.
Floor chord was the main reason for sub-
stantially lower stiffness of the detail, as will
be shown in the continuation.

Sl.11. Preizkufanca Stev. 1in 2, ki ustrezata modelu MKE
Fig. 11. Shape of tested objects No. I and 2 according to FEM model

Podna vez

Podokenska vez

Longit. floor chord ', Under-window ch
B0ned 02 Kuotna ojaditev Slned (e
yo/ Joint reinforcement |
——— —;?:_ e ———— 12 m v
A ' domdonz |
i [~ somdonz
A ez (]
. _,;-::’_,-"' ?L:II |
| - "..-:-.-"'f. .'I |
P2 et mm\ i |

pre AN NS

Sl 12. Preizkufanca 3tev. 3 in 4, ki ust

sl |

rezata dejanskemu stanju konstrukcije

Fig. 12. Shape of tested objects No. 3 and 4 according to actual state

3 REZULTATI

Primerjava rezultatov rafunske metode in
prakti¢nega preizkusa pokafe dobro ujemanje.
Ratunska metoda odkrije kritiéno mesto takoj
nad kotno ojatitvijo, tam se namreé pojavijo naj-
vedje napetosti. To odkritje preizkus tudi potrdi.
Na tern mestu se zaradi tlaénih napetosti spodnja
pasnica »naguba«, prav tako tudi stojini profilne
cevi.

Iterativni numeri&ni izrafun je bil konéan
na sedmi obremenitveni ravni, ker je pomik ele-
menta &t. 13 presegel doloteno mejo. Na opazova-
nem detajlu, ki je bil plastificiran, je bila tedaj
zunanja obremenitev med 1750 N in 2000 N.
Prakti¢na preizkusa pa sta pokazala, da oba pre-
izkusanca to obremenitev &e zdriita, tako da kri-
terij priporo&ila ECE 66 ni bil ogroZen.

3 RESULTS

The comparison of the results of the nume-
rical check and experimental check shows a good
likeness. The numerical check discovers a critical
detail in the region above the joint reinforcement
where the highest stress took place. The expe-
rimental check confirms this. At that region
the top face and the side walls of the con-
nected vertical chord 40 = 40 = 2 suffer local
buckling.

Iterative numeric calculation stopped at
the 7 *load level, where the deflection of ele-
ment No.13 became larger than the limit value.
The load on tested detaill at that moment was
between 1750 N and 2000 N. Tests show that
both tested objects still operate under that load,
therefore the ECE 66 criteria were fulfilled.
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Sl. 13. Primerfava rezultatov numeri®nega preraduna in praktié nega preizkusa
Fig. 13. Comparison of the results of numerical and experimental checks

Ce primerjamo izratunane vrednosti pomikov
z izmerjenimi, lahko ugotovimo, da vrednosti ab-
solutne razlike niso wvelike. Relativne razlike
so pod 20 odstotki (najvecja 19,4 %). V istem dia-
gramu (sl. 13) je iz primerjave rezultatov preiz-
kufanja drugih dveh preizkufancev razvidno, da
je preizkusanec #t. 3 glede togosti nekolike slab&i
od preizkusanca &t.4. Njegovi pomiki so pri enakih
obremenitvah vsakokrat ve&ji kakor pri preizku-
Sancu &t. 4.

Diagram omogofa tudi primerjavo rezultatov
vseh preizkufanj. Opazna je velika razlika v to-
gosti prvih dveh in drugih dveh preizkusancev.
Ta razlika se pojavi zaradi vgrajene podne vezi,
ki poteka vzdol? stranske stene avtobusa (sl. 14).

Na sliki je lepo prikazano, da profilni cevi
(40 x 40 x 2) nista pritrjeni na podno vez
(60 = 40 x 2) tako, da bi se pasnice nepretrgoma
nadaljevale. To je pomembno zato, ker je zgornja
pasnica najbolj upogibno obremenjenega elementa
obremenjena na nateg. Ta napetost se prenese na
pasnico podne vezi, ki pa napetosti ne more pre-
nesti na pasnico privarjene profilne cevi nepo-
sredno, ker je ta premaknjena za 20 mm, tako da
se napetost prenese posredno prek stojine. Stojina
v tem primeru nima zadostne upogibne togosti,
zato se podna vez deformira, zaradi desar so de-
formacije upogibno najbolj obremenjenega elementa
Se vedje.

If the results of the test and results of the
numeric check are compared it can be concluded
that the absolute differences are not large.
Relative differences are under 20 % (max. 19,4 %).
In the same diagram (Fig. 13) it is evident that
the stiffness of tested object No. 3 is lower
than the stiffness of tested object No. 4. Na-
mely its deflection is higher than that of tested
object Mo. 4 when both are loaded to the same
load level.

The diagram allows also a comparison of
the results of all tests. A great difference in
stiffness between the first two and second two
tested objects can be noticed. That difference is
the result of floor chords that are incorporated in
the second two tested objects (Fig. 14).

It can be seen that chords with a rectangular
cross-section (40 = 40 = 2) are not connected to
the floor chord (60 x 40 x 2) in such a way that
the loading would uniformly continue. That would
be important due to the fact that the top face of
the most loaded chord (upper vertical chord) is
loaded in tension. The tensile stress is transfer-
red to the top face of the floor (horizontal) chord
which however cannot transfer the load to the
welded chassis chord uniformly because the latter
is offset by about 20 mm and the load is trans-
ferred through the side walls of the floor chord.
The side walls of the floor chord however did not
have sufficiently high stiffness, hence the floor
chord deforms locally (playing the role of a hinge)
and the overall bus body deflection is larger,
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Sl. 14. Kritiéno mesto preizkusancev stev. 3 in 4 po obremenjevanju
Fig. 14. Deflection of the critical detail on tested objects No. 3 and 4 after the tesi

4 SKLEP

Osnovni namen prikazane problematike je
bil postaviti postopek analize togosti aviobusne
karoserife, ki bl jo lahko predloZili kot alterna-
tivno metodo overitve togosti karoserije po pred-
pisu ECE 66. Pokazalo se je dobro ujemanje re-
zultatov numerifnega izratuna z rezultati prak-
titnega preizkusanja.

Rezultati kaZejo, da bi bilo treba delo v tej
smeri nadaljevati. Prednosti prikazane zasnove
alternativne metode pa bi trenutno lahko strnili
v naslednje:

— stroki za doseganje ocene o togostni pri-
mernosti konstrukeije vozila so bistveno niZji
kakor pri preostalih treh metodah, saj je pri
prikazani metodi treba porusiti le detajl, pri
drugih pa celotno vozilo - prototip. Pri tem je
treba ugotoviti, da so stroZki numeriZne analize
praktiéno nespremenjeni, saj je treba konstruk-
cijo v vsakem primeru numeriéno ovrednotiti,
kar je najlate izvedljive z sodobnimi metodami
CAD-CAE;

— fas za doseganje ocene togostne primer-
nosti kenstrukeije vozila je bistveno krajdi, saj se
lahko numeriéno in praktiéno ovrednotenje kon-
strukcije izvede po tej metodi Ze v zatetnih fazah
konstrukeijskega procesa; prototipa za ta namen
ni treba izdelati;

— 2z vidika strodkov je pri ve¢ razliticah
enega modela vozila sprejemljivo ocenjevanje tudi
za vsako razlitico posebej;

— praktitni del ocenjevanja se lahko izvaja
tudi med samim proizvodnim procesom kot kon-
trolni postopek za ugotavljanje in vzdrlevanje
kakovosti proizvoednje, oziroma preverjanje kako-
vosti materiala na vhodni toéki v proizvedni pro-
Ces,

4 CONCLUSION

The main reason of the problem solving
was to set up an appropriate methodology for
bus body stiffness analysis which could be
proposed as an alternative method for stiffness
verification according to ECE 66 regulation.
There is a good qualitative likeness of the
results of the numerical and experimental
check.

The results infer that the work on the sub-
ject should be continued. Advantages of the pre-
sented method are as follows:

— costs of the structure stifness evaluation
are considerably lower in comparison to the
coste of the other three methods. Within the
presented method only the representative detail
should be tested against collapse while at the
other three methods the whole vehicle is the sub-
ject of testing. The costs for numerical analysis
itself are fixed due to the fact that the structure
should be modelled and numerically evaluated
in each of the four methods. This task can
be accomplished wusing modern CAD-CAE
methods;

= time need for the structure stiffness
evaluation is considerably shorter, since the
numerical evaluation and testing can be
accomplished within starting phases of the
design process and there is no need for prototype
building;

= stiffness evaluation of the particular option
of the same type of product can be done without
considerable raise in cost;

= testing can be done even during manu-
facturing process as a kind of quality control
method or as a kind of incoming material control
method.
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