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Abstract:  This paper deals with a rollover computer simulation (according to ECE 
R66 Regulation) of the bus section, which is performed on the base of a 
light commercial vehicle. It gives an overview of the used simulation 
approaches. Comparison between the calculative and experimental data is 
implemented on the base of one of the specified methods. It considers in 
details the bus rotation process, which occurs when the bus impacts with 
ground. The results of the analysis allow us to make a conclusion about the 
bus rotation influence on the bus body deformation.  
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1. Introduction 
The bus passive safety in rollover conditions is estimated according to ECE R66 

Regulation. This Regulation allows to carry out estimation of the strength of the bus 
superstructure by using computer simulation. In addition, ECE R66 prescribes 
simulation model that should be able to describe the real physical behaviour of the bus 
superstructure during the rollover [1]. Nowadays there are different modelling 
approaches of the body structure load conditions during the bus rollover [2-7]. In many 
of them the model loading is implemented with predetermined kinetic energy [3-7], but 
these approaches don’t consider the bus rotation process which occurs when the bus 
impacts with ground. The positive side of these approaches is that they are easy to use. 
So there is a logical question: is it necessary to consider bus rotation process during the 
rollover and how it influences the results which can be obtained by computer 
simulation? This task can be solved by carrying out experiment and subsequent 
comparison between the test and the simulation data. 
2. Object of study  

The object of study has contour and structural elements similar to corresponding 
parameters of the body structure middle section of a typical bus, which is performed on 
the base of a light commercial vehicle. The tilting platform fully complies with the 
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requirements set out in Annex 5 of the Rules. During tests the section is set to external 
support (pedestal), which provides position of the section's centre of gravity and the axis 
of rotation like in a typical complete vehicle. The centre of gravity of the section is also 
regulated by a box with ballast. The box and pedestal are attached to the base of the 
section without increasing the strength of superstructure. However, the box with ballast 
can influence the deformed shape of the section. It can occur after impact interaction 
between the box and section pillars. In this case, the deformed shape of the section will 
not correspond to deformed shape of bus construction obtained in the test for approval. 
Nevertheless, this assumption is not significant for conducted validation of computer 
simulation in the paper. Also there are no mass or dummies simulating the presence of 
passengers in the construction. This situation can occur in approval if the vehicle is not 
equipped with restraint systems (Annex 6 of the Regulation).The general scheme of the 
test equipment including the body section, pedestal, ballast and tilting platform as well 
as their actual image is shown in figure 1. 

       

a)      b) 

Figure 1. The section mounted on the tilting platform: 
scheme (a), photo (b) 

3. Finite element simulation  

The uniaxial tensile test of the specimens extracted from thin-walled tubes of the body 
section was conducted preliminary. Subsequently, the "stress-strain" curve obtained for 
plastic deformation area was assigned to the finite element model of the body section. A 
fragment of tensile test and the obtained plastic hardening curve are shown in figure 2. 

The numerical simulation of the rollover process was similar to the approach of Niii 
N. and Nakagawa K., described in the study [2]. Finite-element analysis was conducted 
by using nonlinear explicit dynamic code LS-Dyna. The section pedestal, box with 
ballast, tilting platform and ditch surface were modelled by rigid bodies. The body 
section's material (*MAT_PIECEWISE_LINEAR_PLASTICITY) was switched to 
rigid by using *DEFORMABLE_TO_RIGID_AUTOMATIC option, during body 
section free fall. The whole rollover process takes 2.2 seconds; so FE analysis can 
require significant calculation time. During the material properties switching the time 
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step size of the solver can be increased by 10 times and even more that's why 
calculation time can be decreased respectively. The gravity loading acts to model from 
time = 0 sec to time = 2 sec, and from t = 2 sec to t = 2.2 sec its value decreases to zero, 
allowing to measure residual deformations of the model. All model structural members 
are presented by shell elements. The average model finite element size is 10 mm. At 
assumed locations of plastic hinges emergences the element size is 6 mm, at the tilting 
platform shoulders the element size is 2.5 mm for contact interaction accuracy ensuring 
between the shoulders and body section pedestal. Total shell element number is equal to 
230567. The composed model view is shown in figure 3. 

        

a)      b) 

Figure 2. The fragment of uniaxial tensile test (a) and obtained plastic hardening curve 
for steel (b) 

 

       
a)       b) 

Figure 3. The designed finite element model (a) and the control measured points 
location (b) 

4. The comparison between the simulation and test data  
The distance between the control points before the impact and after it is measured in 
simulation and test. The residual deformations after unloading are measured after the 
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impact. Comparison between the simulation and test results is conducted by the 
comparison between these distances. Maximal deformations during the impact is not 
measured in calculation. This is a shortcoming of the study. On the other hand, the 
stress-strain curve is a linear at elastic deformation. At plastic deformation the 
relationship between stress and strain is more complex, non-linear and requires a large 
number of iterations. The description of the behaviour of structures in the range of 
elastic deformation is more simple task of finite element analysis than simulation of 
plastic deformation. Thus, in this case we can assume that obtaining good convergence 
of plastic strain values between experiment and calculation a good accuracy of elastic 
deformation modelling should be expected. Location of the control points is shown in 
figure 3. The measurements are shown in table 1. As it is seen from the table, the 
difference between the simulation and test results has range from 0,36 to 7,29 %. The 
obtained result means that the considered approach allows to get a good correlation with 
experimental data. A good correlation between the results is also confirmed by 
comparison of the body section deformations as shown in figure 4. 

Table 1. Comparison between the calculation and the test data 

Numbers 
of 

control 
points 

Change of the distance, mm 

Difference 
between the 
results, % Test Calculation 

1-7 640 650 1.56 

1-8 669 686 2.54 

6-2 400 403 0.75 

6-3 327 335 2.45 

3-13 -153 -162 5.88 

4-12 -384 -412 7.29 

3-12 -247 -259 4.86 

5-11 -427 -449 5.15 

11-4 -478 -504 5.44 

6-10 -261 -273 4.60 

6-9 -211 -221 4.74 

9-12 231 226 2.16 

8-13 550 552 0.36 

9-13 312 334 7.05 
 



P. Rogov et al. – Acta Technica Jaurinensis, Vol. 7., No. 3., pp. 258-266, 2014 

262 

It is seen from figure 4, that the box with ballast touches the vertical pillars of the body 
section. This situation also takes place at calculation. It is also seen, that locations of the 
plastic deformations areas at the calculation are the same as in the experiment. 
 Change of the kinetic energy (it is shown in figure 5) during the rollover process 

shows the fall of the pedestal from the tilting platform shoulders at time t = 1.69 sec. It 
is confirmed by sharp increasing of the kinetic energy. Sharp decreasing of the kinetic 
energy means that there is contact between the pedestal and the rigid ditch surface. A 
similar change of energy is described in details in M. Matolcsy and C. Molnar study [8], 
which analysed the energy balance of the bus rollover process. That is to say, the kinetic 
energy portion is dissipated by the impact between lower parts of the section and the 
rigid ground. This impact practically doesn't have any influence on deformation of the 
upper parts of the section. Sliding of the body section along the ground surface is the 
most obvious parameter which influences the time moment of the fall of the pedestal 
from the tilting platform shoulders. If the fall occurs later, more amount of kinetic 
energy is dissipated by deformation of the upper parts section. So, if the friction 
coefficient between the construction and the ground surface is higher, section upper 
parts deformation is more significant.  
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Figure 4.  Body section deformation condition at the simulation (on the left side) and at 
the test (on the right side) 

The rotation axis of the bus body construction changes during the rollover process. The 
tilting platform shoulders and the pedestal positions at different time moments are 
shown in fig.6. The rotation axis changing influences the moment of inertia of the 
rotating bus body construction, and so influences the kinetic energy value. Also, the "S" 
distance between the lower edge of the pedestal and rotation axis influences the time 
moment of the fall of the pedestal from the tilting platform shoulders.  

 
Figure 5.  Kinetic energy distribution versus time 

   

a)      b) 
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c)      d) 

Figure 6. The tilting platform shoulders and the pedestal position at time: 
 a) t=0 sec, b) t=0,9 sec, c) t=1,3 sec, d) t=1,5 sec 

Rotational motion of structure during deformation influences the value of structure 
strain. Motion of structure during deformation occurs along the radius R, which is equal 
to the distance between the zones of plastic deformation, arising at the base, and 
corresponding zones located in the upper corners of the section (figure 7). With the 
decreasing of the radius the drop of the section base (bus chassis) from tilting platform 
happens with smaller bus superstructure deformations. Finally, above mentioned factors 
influence the bus body deformation. 

 

Figure 7. Changing of the vertical pillars length projection during deformation 

5. Conclusions  

On the basis of the performed study, it can be concluded the finite-element simulation 
of bus rollover considering bus rotation process coincides with the experimental data. 
Other computer simulation approaches used nowadays, where the fixed bus body 
construction is impacted by the rigid body [6],[7] (pendulum, rigid wall with 
translational or rotational motion) don't consider the fall of the bus from the tilting 
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platform shoulders,  change of the bus rotation axis during the rollover process and 
mass distribution along the bus body construction. There is a computer simulation 
approach, where the bus model turns into the contact position with the ditch surface at 
the initial time of the simulation, and the angular velocity is assigned to all nodes of the 
model [3-5]. This approach doesn't consider the change of the bus rotation axis during 
the rollover process. Therefore the fall of the bus from the tilting platform shoulders 
occurs at the dissipated kinetic energy amount that doesn't correspond to its real value. 
All this shortcomings are eliminated by the rollover modelling considering bus rotation 
process before the impact. One more phenomenon, which can be considered only by 
this rollover simulation approach, is the additional bus rotation components. These 
components occur due to different COG heights of the individual sections of the bus. 
Due to it the first bus body construction impact into the ditch surface is occurred by one 
of the extreme corners of the roof (front or rear). Numerical value of this phenomenon 
influence can be obtained at the rollover test of more difficult asymmetrical 
construction, which has irregular mass distribution. All the above mentioned factors 
influence the bus body construction deformation values. 

Thus, at the bus passive safety estimation by using computer simulation, considering 
the bus rotation process during the rollover, is important for obtaining more accurate 
results. 

It is important to consider the process of bus rotation which occurs before the bus 
impacts with ground surface at passive safety estimation by using computer simulations. 
Also, the motion of the bus during deformation has an effect on the obtained results of 
simulation. It indicates that for obtaining a more accurate result of the calculation such 
features of the rollover as a free fall of the bus and his contact with the tilting platform 
should not be neglected. Thus, at the approval, the known methods of verification such 
as experimental tests of separate elements of bus structure [4], analysis of the balance of 
the calculative values of the energy [9] and implementation of experimental modal 
analysis [10] cannot be sufficient to obtaining accurate results of finite element 
modelling of the bus rollover. Based on the above mentioned, it is also desirable to 
conduct the experimental verification of the adequacy of finite element model motion 
on the example of a single section of the bus. 

Acknowledgement 
This research is performed with financial support of the Ministry of Education and 
Science of the Russian Federation within the framework of the project under contract № 
02.G25.31.0006 from 12.02.2013 (Resolution of the government of the Russian 
Federation on April 9, 2010 №218). 

References 
[1] Uniform technical prescriptions concerning the approval of large passenger 

vehicles with regard to the strength of their superstructure, Rev. 1., UNECE, 2006 
[2] Niii, N. Nakagawa, K.: Rollover Analysis Method of a Large-Sized Bus, 15th 

International Technical Conference on the Enhanced Safety of Vehicles, 
Melbourne, Australia, 1996 



P. Rogov et al. – Acta Technica Jaurinensis, Vol. 7., No. 3., pp. 258-266, 2014 

266 

[3] Castejon, L. Miravete, A. Larrode, E.: Intercity bus rollover simulation, Int. J. of 
Vehicle Design, vol. 26, no. 2/3, pp. 204-217., 2001 

[4] Elitok, K. Guler, M. Byram, B.: An Investigation on the Rollover Crashworthiness 
of an Intercity Coach, Influence of Seat Structure and Passenger Weight, 9th 
International LS-DYNA User Conference, Dearborn, Michigan, USA, 2006 

[5] Kumar, S.: Rollover Analysis of Bus Body Structure as Per AIS 031/ECE R66, 
HyperWorks Technology Conference, Bangalore, India, 2012 

[6] Gadekar, G. Kshirsagar, S. Anilkumar, C.: Rollover Strength Prediction of Bus 
Structure Using LS-DYNA 3D, Altair CAE Users Conference, Bangalore, India, 
2005 

[7] Orlov, L.N. Rogov, P.S. Vashurin, А.S. Tumasov, А.V. Feokistov, N.F.: The 
estimation of bus structure bearing capacity on basis of simulation results, 
Transactions of Nizhni Novgorod State Technical University n.a. R.Y. Alekseev, 
vol. 3, no. 96., pp. 150-156., 2012 

[8] Matolcsy M., Molnar C.: Bus rollover test as a process and its energy balance, 
30th Meeting of bus and coach experts, Győr, Hungary, 1999 

[9] LSTC: Total Energy, Livermore Software Technology Corporation, Livermore, 
California, 2010 
 Available at, http://www.dynasupport.com/howtos/general/total-energy 

[10] Hu, H., Yang, C-L., Wang, J.: Development and validation of finite element model 
for the welded structure of transit bus, Int. J. Heavy Vehicle Systems, vol. 19, no. 
4, pp. 371-388., 2012 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


