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ABBREVIATIONS AND DEFINITIONS 

This section contains list of terms used in this report. 

Abbriviation Term Definition 

CAD Computer Aided Design  

DYNASAUR  Postprocessing Software which 

enable a time-efficient harmonised 

data extraction and calculation of 

criteria for the postprocessing of 

simulation results 

EuroNCAP European New Car Assessment Program  

FE Finite Element   

FE Finite Element  

GUI Graphical User Interface  

HBM Human Body Model  

IMVITER Implementation of virtual testing in safety 

regulations 

 

LAB (seat) Lab Ceesar (seat)  

LS-Dyna  FE solver 

MB Multi Body  

Madymo  Multibody simulation solver 

MBS Multi Body Simulation  

Python  Programming language 

VPS Virtual Performance Solution FE solver 

VT Virtual Test  

VT Virtual Testing  

WP Work Package  

XMADgic  Maymo Pre Processor 
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1 EXECUTIVE SUMMARY 

Nowadays, the approval procedure of a vehicle and its occupant protection systems relays only on 

hardware tests results as the evidence of the validation for the final acceptance. This reality needs 

to be changed in the future in order to use the potential of what virtual simulation could provide. 

Moreover, the current vehicle approval procedure allows the virtual testing as an equivalent approval 

method to hardware tests, but only for limited regulatory acts. The EU Regulation 2018/858, which 

came into force from September 1st 2020, provides a list with all regulatory act references, showing 

the general procedure which can be followed by a specific validation process flowchart, which is 

indicated in Appendix 3 from Annex VIII [1]. Further, EuroNCAP will give the opportunity to exploit 

virtual testing to add robustness to the test assessment. There will be a transition process starting 

in 2022 and is expected to be completed by the end of the roadmap deadline in 2025. This roadmap 

can be found in page 17 of the EuroNCAP 2025 roadmap document [4]. 

The OSCCAR homologation test case (Task 4.3.1) conducts occupant simulations in a common 

environment with different Finite Element (FE) and Multi Body (MB) solvers and different versions of 

human models. To guarantee comparable simulation results, a harmonized screening of pre- and 

post-simulation parameters are required.  

This deliverable identifies the settings and parameters which need to be checked prior and after 

simulations to ensure the simulation result comparability and monitor their quality in general. Pre-

simulation checks contain simulation settings which guarantee a certain simulation output (certain 

files, output frequency,…) and the post simulation files contain information concerning the simulation 

run itself (added mass, energies,…). 

The parameters and setting are listed with a general focus at first. Further, they are analysed if they 

are applicable in the OSCCAR homologation test case. Those which are used for pre-simulation 

checks are integrated in a tool for the Finite Element (FE) solvers LS-Dyna and Virtual Performance 

Solution (VPS), which checks the entire simulation input deck and summarizes the keywords and 

their parameter values in a protocol file. Parameters which are analysed by a post-simulation check 

are analysed within the software Dynasaur.  

 

Keywords: FE quality check, Pre-and Post-processing checks 



Objectives OSCCAR 

 

PU (public) | 1.1 | Final   Page 7 | 23 

2 OBJECTIVES 

The main objective for work package 4 (WP 4) is the establishment of an integrated, virtual 

assessment framework. Task 4.1 in particular aims to develop a simulation quality check tool to 

ensure the input consistency and result comparability. The tool will be used in Task 4.3 in the 

homologation test case, where various OSCCAR partners will simulate a pre- and in-crash scenario 

within the same boundary conditions (environment, pulse, sitting position, belt system,..) but with 

different solvers (LS-Dyna, VPS and Madymo) and with different existing versions of a 50% male 

HBM. 

For this reason the developed tool needs to ensure, that the results of all contributors are comparable 

in the meaning that “it is possible and sensible to compare the results”. For this reason simulation 

parameters and settings were identified, which are checked prior to the simulation by the tool. A 

simple protocol is saved in a text file which contains the parameters and settings. That simplifies the 

process of monitoring input from various partners. To further ensure the quality of a simulation, the 

criteria are defined, which are checked within a post simulation tool. As the kinematic and injury 

assessment is already done with the tool Dynasaur (Task 4.2.3) it was decided to add the post 

simulation checks there. Nevertheless they are listed in this deliverable. 

Task 5.1 identified various requirements to ensure a reasonable level of model quality. Amongst the 

mentioned simulation settings and post simulation checks, requirements like mesh quality and 

appropriate material models are listed [8]. As the developed quality check tool in Task 4.1 will be 

applied for the OSCCAR homologation test case, which works with a validated model, no checks 

concerning mesh or material quality are conducted. It is assumed that globally defined mesh or 

material criteria won’t overrule the validation of a sub-model, as for example the interior model or the 

HBM environment. 

2.1 Checklist work plan 

The work plan consists of identifying the basic criteria that are compatible between the different types 

of models and simulation code used. After this identification, a generic list has been structured that 

encompasses all specific inputs and outputs for both FE and MBS models and adapted to the 

features of each solver. The working group experts have provided the basis of the quality criteria list 

and after some workshop sessions, the contributions and comments from different partners were 

taken into account to complete the definition of this input and output list. 

The contributors to the Task 4.1 delivery are listed below: 

• IDIADA leading and developing the main concept of the task. 

• BOSCH and TASS contributing and advising in the implementation of the tool and code 

independent assessment criteria. 

• LMU supporting the implementation of harmonized requirements and participating in 

dedicated workshops. 

• VIF supporting the development and code implementation of the “virtual environment check 

tool”. 

• ESI supporting partners to take into account VPS inputs and outputs specificities. 

• MBAGbringing the know-how from IMVITER project. 

Finally, the complete list was distributed within the consortium and internal reviewers were assigned. 
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3 DESCRIPTION OF WORK 

The simulations which are performed for the OSCCAR homologation test case (Task 4.3) are done 

in a common environment by all participated partners. More precisely the model of a LAB seat, 

explained in Deliverable D2.4 [10], is used in LS-Dyna, VPS and Madymo with different versions of 

a 50% male human (body) model. For this combination of (validated) models, check lists for pre- and 

post-processing monitoring are identified within this chapter. 

Several checklists of verification criteria have been described for different numerical simulation 

softwares, either FE-type softwares, e.g. LS-Dyna and VPS, or MBS software such as Madymo. This 

deliverable 4.1 has based the part of the model verification implementation of virtual testing in safety 

on the document of the European project called Implementation of virtual testing in safety regulations 

(IMVITER). The aim of IMVITER project was to establish the framework for the implementation of 

VT in the type approval of vehicles, in which verification and validation processes were included as 

the essential activities to do. This document has based the input/output verification checklist on the 

Figure 259 of the IMVITER document D2.1 [1], related to the template for calculation verification. 

Further, OSCCAR Task 5.1 proposes relevant pre- and post-processing criteria to ensure a 

reasonable level of model quality.  

Part of the quality criteria for the postprocessing defined in this deliverable is based on the document 

EuroNCAP TB024 of pedestrian human model certification. The list of concepts can be found in 

chapter 3.2.4 of the TB024 document [3]. 

Figure 1 shows the work and subchapter structure for Task 4.1 in two blocks. In section 3.1 and 3.2 

the definition of the verification checklists for FE and MBS and in 3.3 the implementation and 

application of the pre-process and post-process is described.  

 

 

Figure 1: Workflow overview OSCCAR Task 4.1 

The parameters and criteria which are identified for the pre-processing phase are part of a tool which 

reads the entire simulation input deck and automatically creates a protocol file. This contains the 

parameters and its values and eases the comparison of different simulations. The output parameters 

and criteria are analysed with the tool Dynasaur (Task 4.2.3) since this tool is already used to assess 

occupant kinematic and injury risks. 
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These checklists are not a guide for modelling nor a guide for validating models, they describe the 

basic input and output information that should be checked, all in the same manner to assure that 

the model can be checked using different FE- or MBS-codes in a comparable way.  

The input / output checklists for model verification are represented in tables in sections 3.1and 3.2. 

These tables are structured in three specific columns; the first column identifies the verification 

criteria to be used, the second column indicates the method used for verification and the 

considerations to have into account. The third column indicates which criteria will be applied in 

common within the OSCCAR project and what are not. 

3.1 Input and output verification checklist FE 

 Input FE 

The input concepts to be checked are the next: 

Verification criteria 

(Statement)  

Verification method and 

considerations 

Used in OSCCAR [ YES – 

NO- why not] 

FE coincidence with CAD Verification that FE meshes 

with the relevant parts fit to 

reference CAD. 

No. This verification will be 

performed internally by each 

partner, not under OSCCAR 

verification criteria process. 

Mesh quality Verification to assure that the 

mesh size and quality are the 

established. 

No. Mesh quality will be 

performed by each partner 

under their criteria. 

Control of start and end time Visual verification. Necessary 

to establish a control of time 

range and time step during the 

simulation. 

Yes. 

Parameters of contact used Visual verification. Necessary 

to define the settings for the 

contacts. 

No. This verification will be 

performed internally by each 

partner 

Contact excluded parts Visual verification. Necessary 

to define the conditions for the 

contacts. 

No. This verification will be 

performed internally by each 

partner. 

Pre-filter definition(*) option to 

use pre-filter to obtain a 

filtered output 

Check if previous filter for 

some results are used.  

No, it is not included in the 

OSCCAR homologation, as 

indicates the EuroNCAP 

document TB024 [3] 

(*)By default do not use pre-filter. Filter of results are used mainly in the output and under 

regulation requirements. 

Table 1: Input check FE 

 Output FE 

The output concepts to be checked are the next: 
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Verification criteria 

(Statement) 

Verification method and 

considerations 

Used in OSCCAR [YES-NO-

why not] 

Time - Energy Time history output for 

energies. Time total energy, 

elastic contact energy, 

hourglass energy, kinetic 

energy. 

Yes. Used globally at the level 

of the component  

Time history output for 

displacements 

Energy balance check Yes. 

Time history output for 

accelerations 

Energy balance check Yes. Only global information 

Time animation output 

deformation 

This output will be verified 

automatically 

Yes. Only global information 

Time animation output strain 

maps 

This output will be verified 

automatically 

Yes. Only global information 

Time-artificial mass increase 

of moving parts 

Energy balance check Yes. 

Monitoring of simulation time 

step 

Time step does not fall / Check 

time step evolution 

Yes. 

Control penetrations Visual check between 

validated sub-models (car 

interior /HMB environment). 

Not automated method is 

applicable 

Yes. 

Control of landmarks Control of landmarks following 

ISO, control of nodal 

displacements and 

trajectories, control of HBM 

kinematics  

Yes. 

Requirements for injury 

criteria assessment 

Visual check No. This point will be 

applicable only under 

specification of Task 3.3 

Filter for output information  No, it is not included in the 

OSCCAR homologation, as 

indicates EuroNCAP 

document TB024 [3]. Only use 

under the regulation 

requirements, if necessary. 

Table 2: Output check FE 
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3.2 Input and output verification checklist MBS 

 Verification of facet model 

 Input verification: 

The input to be checked is the next: 

Verification criteria 

(Statement) 

Verification method and 

considerations 

Used in OSCCAR [YES-NO-

why not] 

Surface definition Check in the input file to verify 

the element thickness 

representing physical 

thickness of surface. 

No. This verification will be 

performed internally by each 

partner, not under OSCCAR 

criteria. 

Mesh quality Visual verification to assure 

that the mesh size and quality 

are the established. 

No. This verification will be 

performed internally by each 

partner, not under OSCCAR 

criteria. 

Control of start and end time Necessary to establish a 

control of time range and time 

step during the simulation 

 

Yes. 

Tracking from pre-filter 

definition 

Visual check No, it is  not included in the 

OSCCAR homologation, as 

indicates the EuroNCAP 

document TB024 [3] 

Control of sample rate of 

output data 

Visual check No. This verification will be 

performed internally by each 

partner, not under OSCCAR 

criteria. 

(*)By default do not use pre-filter. Filter of results are used mainly in the output and under 

regulation requirements. 

Table 3: Input check MBS facet model 

 Output verification: 

The output concepts to be checked are the next: 

Verification criteria 

(Statement) 

Verification method and 

considerations 

Used in OSCCAR [YES-NO-

why not] 

Time which avoid sub-cycling 

between MB and FE 

Visual inspection. Check the 

required FE time.  

Depends on airbag 

Time- initial element time step Time step does not fall / Check 

time step evolution 

Depends on airbag 

 

Control penetrations in reprint 

file 

Visual check Yes. 
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Verification criteria 

(Statement) 

Verification method and 

considerations 

Used in OSCCAR [YES-NO-

why not] 

Check kinematic model for 

missing contacts 

Visual animation check Yes. 

Check control forces  Visual check No. This verification will be 

performed internally by each 

partner, not under OSCCAR 

criteria. 

Control of landmarks present Visual animation check Yes. 

Requirements for injury 

criteria assessment 

Visual animation check No. This point will be 

applicable only under 

specification of Task 3.3 

Table 4: Output check MBS facet model 

 Verification of Airbag model 

 Input verification: 

The input concepts to be checked are the next considering airbag is present in the model: 

Verification criteria 

(Statement) 

Verification method and 

considerations 

Used in OSCCAR [YES-NO-

why not] 

Airbag test Visual inspection. Check 

correct position. 

Yes, to be discussed whether 

relevant 

Control of start and end time Necessary to establish a 

control of time range and time 

step during the simulation 

Yes.   

Table 5: Input check MBS airbag model 

 Output verification: 

The output concepts to be checked are the next considering airbag is present in the model: 

Verification criteria 

(Statement) 

Verification method and 

considerations 

Used in OSCCAR [YES-NO-

why not] 

Time step avoiding sub-

cycling between MB and FE 

Visual inspection. Check the 

required FE time. Check no 

sub-cycling 

Yes, Check no sub-cycling 

Time-initial element time step Time step does not fall and 

stays excessively low 

No, specific for each partner 

Tracking for airbag suitability 

checked through testing 

Visual check against the 

physical tests. 

No, the component will be 

already validated 

Check initial element 

stretches 

Visual animation check No, specific for each partner 
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Verification criteria 

(Statement) 

Verification method and 

considerations 

Used in OSCCAR [YES-NO-

why not] 

Check of working jet Visual animation check No. The verification if jet is 

blocked can be made by each 

partner. 

Check elements in “IMM2” 

have zero stress 

Visual animation check No, specific for each partner 

Table 6: Output check MBS airbag model 

3.3 Implementation and application 

The implementation of the defined criteria is separated between pre- and post-processing. The check 

for the post-processing criteria is implemented in the open source software “DynaSaur” which is 

enhanced during the OSCCAR project in Task 4.2.3. 

 Pre-processing checks for FE codes 

To monitor the criteria for pre-processing, a tool was developed which reads the FE solver input 

deck. This tool is programmed in PYTHON and has a GUI. In the GUI the folder with the files to be 

analysed can be specified and the destination for the output file can be declared. Also a preview of 

the result can be viewed (see Figure 2).The included files are analysed recursively. This tool also 

checks whether these included files can be found or not. The output of the tool consists of a plain 

text file containing a summary of all found keywords. If a certain keyword could not be found, “NOT 

FOUND” will be displayed instead. As mentioned in the defined lists of section 4.2, the aim at the 

pre-processing is to ensure an input deck setup which creates the necessary output in order to apply 

quality checks after the simulation. Following list shows the post-processing criteria and which 

commands need to be part of the simulation input deck. 
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Figure 2: GUI of quality check tool 

Verification 

criteria 

(Statement) 

Necessary output file / command 

in LS-Dyna 

 

 

Data from LS-Dyna Manual [5] 

Necessary output file / command 

in VPS 

 

 

Data from VPS Manual [6] 

Time history 

output for 

energies 

*DATABASE_GLSTAT In OCTRL /  

       GLBTHP  

           INTE KINE TOTE 

           or 

           DFLT (AVGX + AVGY + AVGZ 

+ BAGS + CNTF + INTE + KINE + 

MHGL + MINT + SECF + STEP + 

TOTE) 

           or 

           ALL 

Time history 

output for 

displacements 

*DATABASE_NODOUT In global system: THNOD with NAME 

‘landmark’ 
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Verification 

criteria 

(Statement) 

Necessary output file / command 

in LS-Dyna 

 

 

Data from LS-Dyna Manual [5] 

Necessary output file / command 

in VPS 

 

 

Data from VPS Manual [6] 

Time history 

output for 

accelerations 

*DATABASE_NODOUT In global system: THNOD with Name 

‘landmark 

+  

If Rotational acceleration is needed 

In OCTRL /  

       GLBTHP  

            RACC  

            or 

            ALL 

 

Time animation 

output 

deformation 

*DATABASE_NODOUT In OCTRL /  

      CONTOUR_PLOT   

           INTERVAL value  

           or 

To check that this mandatory CARD 

is not followed by ‘NO’ 

CONTOUR_PLOT  NO (no mesh 

output to display animation) 

Time animation 

output strain 

maps 

 OCTRL /  

       SOLPLOT EPSI (Strain tensor in 

global coordinate system) or EXYZ 

(Strain tensor in the global coordinate 

system) 

                        or 

                        ALL 

       SHLPLOT EPSI (Lower surface 
and Upper surface strain in the 
element's local frame)  

                        or 

                         ALL 

       BEAPLOT ➔ EPSI (strain 

                        or 

                        DFLT: ANGL + EINT + 

ELSI + EPMX + EPSI + ESMA + 

FDMG + FORC + IMSC + LENG + 

MOMT + NSMS + RDIS + TDIS) 

                        or 

                        ALL 
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Verification 

criteria 

(Statement) 

Necessary output file / command 

in LS-Dyna 

 

 

Data from LS-Dyna Manual [5] 

Necessary output file / command 

in VPS 

 

 

Data from VPS Manual [6] 

Monitoring of 

time step 

*DATABASE_GLSTAT In OCTRL /  

       GLBTHP  

           STEP 

           or 

           ALL 

Time-artificial 

mass increase 

of moving parts 

*DATABASE_GLSTAT ONLY IF  

in TCTRL /. 

       DYNA_MASS_SCALE    

       or 

       

DYNA_SELECTIVE_MASS_SCALE 

Then, 

In OCTRL /  

       GLBTHP  (curve output) 

           DMAS (total increased mass 

when dynamic mass scaling) 

           or 

           ALL 

       NODPLOT (contour on 

animation) 

           FACM (Ratio and Amount of 

mass increase when dynamic mass 

scaling) 

           or 

           ALL 

Trajectories of 

certain 

landmarks 

*DATABASE_HISTORY_NODESET 

Node IDs and landmark names 

In global system : THNOD with 

NAME ‘landmark’ 

Output 

frequency  

Time step definition used for the 

curve plot and for the animation 

In OCTRL /  

      TIME_HISTORY   

           INTERVAL value 

      CONTOUR_PLOT   

           INTERVAL value 

Table 7: Pre-processing checklist for FE codes 

Further, the settings for these criteria in the FE input deck are summarized to a protocol which is 

returned to the user as a text file. Exemplarily a protocol and an explanation are shown in the 

following table. 
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Tool Output (Protocol) Information 

 

 

 

Header, general Information 

Top Folder: The folder given to the 

tool 

Files found: Number of files found 

in this and all child folders 

Keywords: Number of keywords 

found that are relevant for the tool. 

Time: The exact point in time when 

this file was created 

 

 

File: 

Input files in which the keyword is 

found 

GLSTAT 

• Energies 

• Added mass 

• Time step 

NODOUT 

• Kinematic node information 

SSSTAT 

• Separated output for PIDs 

containing energies, added 

mass and time step 

DT: 

Output frequency  

Binary: 

“Mode for saving” 

 

 

Node sets for which kinematic data 

are created 

FILE 

File in which the keyword has been 

found 

SET_ID 

Set ID of the node set 
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Tool Output (Protocol) Information 

 

 

 

Part sets, for which separated 

information is “outputted” 

FILE 

File in which the command is called 

SET_ID 

Part set ID 

PARTS 

Number of parts in the set 

TITLE 

Title of the part set 

 

Structure of the input deck 

FILE 

The file from which the INCLUDE 

file is called 

FOUND 

If the file has been found at the 

given location  

 

 

 

Single nodes, for which kinematic 

data is “outputted” 

ID 

Node ID 

HEADING 

Name of the nodes 

Table 8: FE input deck protocol 

 Post-processing checks for FE codes 

In order to reduce the number of tools which need to be applied prior to the simulations in OSCCAR, 

it was decided to include the routines for the post processing checks to the tool Dynasaur. This tool 

is developed in Task 4.2.3 and is therefore documented in Deliverable 4.2 [9]. 
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 Pre-processing checks for Madymo 

Verification criteria 

(Statement) 

Necessary output element in 

Simcenter Mafymo simulation 

file  

 

Data from Madymo Manual [7] 

Necessary output element 

+attribute under 

CONTROL_OUTPUT element  

Time step avoiding sub 

cycling 

 TIME_HISTORY_TIME_STEP 

Time history output for 

displacements 

/accelerations 

OUTPUT.BODY TIME_HISTORY_MB > 

BODY_OUTPUT_LIST 

Check kinematic 

model for missing 

contacts 

3.3.4. Contacts visualized in 

XMADgic pre-processor, and listed 

in reprint file. 

 

FE components in 

Madymo 

ANIMATION. Assuming a visual 

check for placement and 

orientation. 

 

Control of landmarks 

present 

ANIMATION EXTENDED = ON 

Requirements for 

injury criteria 

assessment 

ANIMATION No. This point will be applicable 

only under specification of Task 

3.3 

Control occupant 

kinematics 

ANIMATION  

Table 9: Pre-processing checklist for MBS 

 Contacts visualized in XMADgic pre-processor and listed in reprint file 

The next Madymo dedicated pre-processor  

CONTROL_OUTPUT Elements/Attributes  Description 

Attributes: 

 

TIME_STEP – time interval 

for writing time-history 

output 

TIME_STEP_ANI – time 

interval for writing kinematic 

animation data 

 

 Output activation and 

format/file selection for 

time-step 
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Output activation and 
format/file selection for 
kinematic animation output 

EXTENDED – extra co-

ordinate system data 

written to file 

WRITE_PRECISION – 

defines decimal precision 

 

Activates time history 
output for a particular multi-
body system 
 
SYSTEM – defines which 
system 

*_OUTPUT_LIST – 

requests the defined 

outputs to be written to 

relevant output files 

 

Activates time history 
output for a particular FE 
model. 

AIRBAG_OUTPUT_LIST – 

requests the defined 

outputs to be written to 

relevant output files 

 

This point will be applicable 
only under specification of 
Task 3.3 

Table 10: MBS input deck protocol 

 Post- processing checks for Madymo 

The routine for the post-process check in Madymo will use the workspace MADpost for the 

visualization of some output concepts, and other post-processing checks can be carried out on the 

“.rep” file. 
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4 DISSEMINATION, EXPLOITATION AND STANDARDISATION 

This report is intended to be shared through all possible dissemination channels, including 

publications and conferences on the project, as an example of how to verify the different models in 

the same manner for different solvers. The work presented in this report establishes the guidelines 

of a methodology that will contribute to the standardization in the community. It will be disseminated 

by members of the OSCCAR project e.g. to the EuroNCAP virtual testing group and the EU funded 

project VIRTUAL. 

OSCCAR has received funding from the European Union’s Horizon 2020 research and innovation 

programme under grant agreement No 768947. 

The outcome of this Task 4.1 will be used in Task 4.2 and Task 4.3, and will be part of the publications 

of Task 4.2 and Task 4.3. 
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5 CONCLUSIONS 

Since several years, the use of virtual models in simulations has followed the methodology and 

criteria of each user company. This consideration was taken into account within OSCCAR and for 

this reason this report tries to contribute to the development of standardized verification procedures 

to enable and open the way for the use of numerical simulations in the future for homologation 

procedures. 

The checklists and the tool presented in this document allow to conduct simulations with comparable 

results and to monitor the simulation quality in a post processing step. The developed method is not 

limited to a certain solver. Its applicability is shown for two FE codes (LS-Dyna and VPS) and for a 

multibody code (Madymo). Of course, the criteria for FE codes and multibody codes differ. 

Beyond OSCCAR, the approach of these lists shall guarantee the simulation quality in terms of input 

consistency, similar settings for output generation to permit result comparability. 

The criteria and the presented tool are developed and selected for the OSCCAR homologation test 

case. The test case works with valid models and the aim of the list and tool is to prepare the global 

settings to get comparable results. It was not intended to define parameters and settings, which 

modify already validated sub models. For example, the question how to merge validated sub models 

and how to merge their solver controller settings is not answered in this document. 
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