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1 Abstract

Crash and Safety simulations of virtual models hold a key role during the design process of a vehicle. Occupant protection analyses
combined with laboratory tests ensure that models will offer the necessary safety to passengers. Airbags are one of the many
protection systems that ensure this safety. During model set up for occupant safety simulations, significant time is consumed to fold
the airbags properly and fit them in the respective cases.

Airbag folding in virtual models follows the exact specifications given for the real airbags. LS-DYNA, as a standard solution in Crash
and Safety analysis supports the folding of an airbag. The loadcase set up, for preparing the respective pre-crash simulation, may
include the definition of several LS-DYNA keywords. BETA CAE Systems has developed an assistant functionality, in the ANSA pre-
processor, which streamlines all the necessary steps to set up properly a LS-DYNA pre-simulation for airbag models.

The current paper introduces this assistant and demonstrates the advantages of the procedure by ensuring a convenient LS-DYNA
loadcase set up with the minimum effort.

2 Introduction

As a crucial safety system. the airbag ensures the protection of the driver and the passengers. As every safety
system, there are certain protocols that should be followed in to guarantee its proper functionality. This
increases the complexity of the system and therefore many labour-hours are required to complete its
development. A part of the development process is the folding of the airbag and position it in the dedicated
case. This procedure is of great importance considering that it has an impact in its deployment and its total
efficiency during an accident.

CAE is definitely an integral part of the development of each system in modern industry. Simulation of airbags
could not be an exception. Especially, the simulation of the airbag folding is a demanding and time consuming
task. BETA CAE Systems introduces a new user-friendly plug-in tool, developed according to the needs of the
industry in order to help the CAE engineers set-up an LS-DYNA simulation model for the folding of the airbag.
The Airbag Folding tool combines the capabilities of the powerful pre-processor ANSA and the trust-worthy
capabilities of the widely used in automotive industry LS-DYNA solver.
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3 Folding Method

When it comes to CAE, there are two possible ways to perform the folding of the airbag. The first is the
geometrical folding only by using the pre-processor. The second is the simulation of the folding process with
the aid of a solver such as the LS-DYNA.

Geometrical folding is faster since only one software is needed. However, as more complex methods are
required to provide us with more accurate results. Although simulation folding with the aid of the solver gives
better results, the user has to deal with the loadcase setup of the folding process.

Based on that, ANSA offers a tool that makes the loadcase setup easier and simultaneously, LS-DYNA solver
supports with the appropriate keywords the folding procedure. Therefore, the methodology in this paper offers
the capability for an easy loadcase set-up of an airbag folding pre-crash simulation within LS-DYNA.

4 ANSA Airbag Folding Assistant

The tool enables the user to perform the loadcase setup by creating the appropriate LS-DYNA entities. The
steps to be followed are adjusted to the folding type which has to be selected initially. Three folding types are
available: the Generic, the BPFG and the Tuck.

[ Airbag Folding Assistant

Type Choose a folding type (generic-bpfg-tuck)

Folding type

@ Generic
Bpfg
Tuck

@ info for starting page

Fig. 1: Selection of folding type
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4.1 Generic folding type

The Generic type contains all the necessary steps to create the entities needed to perform the folding with the
aid of folding tools. A characteristic example of this type is the folding with rolling tools.

Fig. 2: Example of generic folding with tools

In the first step, the tool prompts the user to input the LS-DYNA files that contain the airbag and the folding
tools. This step is common for all folding types.

B Airbag Folding Assistant

L]

Type Input files of airbag and tools
Input files
Configuration file input (optional)
Jhome/demo/Desktop/config/roll.json v ]@[ Read File
~ AIRBAG
Input the LS-DYNA file of the airbag
Ijhume,fdemu,’Desktupfmodel_ﬁIesfgeneric,’airbag.k v ]@
Iovennrrite > H Read File ]
| TOOLS
Input the LS-DYNA file of the tool(s)
[,fhome,fdemo;Desktopfrnodel_ﬁIesfgenericftoals.k v ]@
[merge #H Read File ]
© info for 1st page
. <Back l Next > l [ Cancel

Fig. 3: Input of Files
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Then, the loadcase setup is performed. Through the next steps of the wizard the user is guided to create only the
entities required to perform the airbag folding. The minimum input is required and with the press of “Create”
button, entities are created in the background. These are *CONSTRAINED EXTRA NODES for constraining
the tools onto the airbag, *DAMPING PART MASS for the definition of the mass weighted damping and
*BOUNDARY PRESCRIBED MOTION for the movement of the tools. Finally, *CONTACT are created, one
between the tools and the airbag and one (self-contact) for the airbag properties. The *DEFINE_CURVEs that
will be used by each entity can be automatically created by giving only the dimensions of the tool.

Type
Input files
Model Setup options

E Airbag Folding Assistant

s
Create all necessary solver entities
«| CURVES
DAMP 4 a 30
b
ROT 5 b 3
W e Roller Geornetry
«| CONSTRAINED
Iﬁ Mame
1 right_side
2 left_side
total 2 | selected 0
Nodes SET Rigid PID
Create "CONSTRAINED_EXTRA_MODES_SET ]
¥| DAMPING
D Name Include
1 Damping 1 3
total 1 | selected 0
Aitbag parts SET DAMP LCID
[ Create "DAMPING_PART_MASS J

@ info for 2nd page

[ < Back ” Next > ” Cancel ]

m Airbag Folding Assistant

Type

Input files

Model Setup options
Model Setup options

Create all necessary solver entities

+ BOUNDARY

Iﬁ Name PID DOF VAD LCID SF BIRTH DEATH
1 B.Presc.Mot.1 100 1X-tra 2 Disp 1 1.0 0.0 le+28

2  B.Presc.Mot. 2 200 1 Xtra 2 Disp 2 1.0 0.0 le+28

3  B.Presc.Mot. 3 100 6 Y-rof 2 Disp 2 1.0 0.0 le+28

4 B.Presc.Mot. 4 200 6 Y-rot 2 Disp 1 1.0 0.0 le+28

total 4 | selected 0

v CONTACT

.
ID Name

1 default_AIRBA
2 default_AUTO..

TYPE

SSID MSID  Include

AIRBAG_SINGLE_SURFA . 4 = 3
AUTOMATIC_SURFACE ... 4 3 3

total 2 | selected 0

© info for 3rd page

< Back H Next > H Cancel

Fig. 4: Generic Type Model Setup
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4.2 BPFG Folding Type

The BPFG type contains all the steps in order to create the entities needed to fit the airbag in its case.

Fig. 5: Example of BPFG folding
Likewise, the Generic folding type, the input of the files is done in the first step and the loadcase setup is
following. For this folding type *BOUNDARY PRESCRIBED FINAL GEOMETRY, *DAMPING and
*CONTACT keywords are created.

Airbag Folding Assistant A Airbag Folding Assistant by
Type Create all necessary solver entities Type Create all necessary solver entities
Input files Input files
Model Setup options ¥| BPFG Model Setup options | DAMPING
Final geometry Model Setup options D | Name Include
@ By file 1 Damping 1 3

[fl\esfmodeLﬁles.prfgjﬁnaLen\relopefgeometry.k vl@[ Read File

() Pick SET / PID
Sz

Initial geometry

) By fi
v | total 1 | selected 0
v [E2]€3)| Read File Airbag parts SET DAMP LCID
® By scale Create *DAMPING_PART_MASS |
X: 0. v/ 0.z 0. ][5 scale: [ 1.00 [2] | CONTACT
- — 1D | Name TYPE 'SSID | MSID | Include
ID Name LCIDF :DEATHD | Include 1 default_AIRBA.. AIRBAG_SINGLE SURFA. 1 = 3
4 BPFG4 2 3 2 default AUTO.. AUTOMATIC SURFACE .. 1 4 3

| total 1 | selected 0

Bpfg Nodes SET [4 ] [ LCIOF 2 ][ DEATHD | | I
|

[ Create *BOUNDARY_PRESCRIBED_FINAL_GEOMETRY

| total 2 | selected 0

© nfo for 3rd page © info for 3rd page

< Back ][ Next > ][ Cancel < Back ][ Next > ][ Cancel

Fig. 6: BPFG Type Model Setup
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4.3 Tuck Folding Type

The Tuck folding type contains all the steps for preparing the tucking of airbag areas in LS-DYNA.

Fig. 7: Example of Tuck folding

As in the previous folding types, the input of the files is done and then the loadcase setup is following. For this
folding type the *DAMPING, *BOUNDARY SPC, *LOAD, *CONTACT and *RIGIDWALL entities are

created.
Airbag Folding Assistant X Airbag Folding Assistant X
Type Create all necessary solver entities Type Create all necessary solver entities
Input files Input files
Model Setup options | DAMPING Model Setup options | CONTACT
D Name  Include Model Setup options || [ Name TYPE SSID | MSD | Incude

Airbag parts SET

1 Dampingl 3

| total1 | selected 0

LI [

DAMP LCID

Create *DAMPING_PART_MASS |

ID :Mame

~| BOUNDARY_SPC

1 BOUNDARY_SPC 1

| total 1 | selected 0

dofs | 123|bmh | 0.] death

[

Create *BOUNDARY_SPC ]

+| LOAD

D Name

1 LOAD_SHELL 1

Shell SET (8| Lom

| total 1 | selected 0

ENE;

[

Create LOAD_SHELL |

© nfo for 3rd page

1 default_AIRBA.. AIRBAG_SINGLE SURFA.. 1 = 3
2 default_AUTO.. AUTOMATIC_SURFACE_. 1 4 3

| total 2 | selected 0

+ RIGIDWALL

J 1D Neme | XT YT ZT XH YH 7H LCID VX VY VZ BIRTH DE|
¥ 1 Rgidwall 0.0 0.0 0.0 0.0 0.0 1.0 4

(] D

| total 1 | visible 1

© info for 3rd page

< Back ][ Next > ][ Cancel ]

< Back ][ Next > ][ Cancel

Fig. 7: Tuck Type Model Setup
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4.4 LS-DYNA Output Files

After the loadcase setup is completed, the selection of the CONTROLs card and the output of the LS-DYNA
file is the last required action. This step is common for all the folding types described above.

In this step, the user defines the CONTROL card that will be used in the solution. One can either use an existing
one in the working model or input a file which contains one. Moreover, the wizard offers access to the selected
CONTROL card but also the START and TERMINATION time can be modified directly.

During this process, an Include is automatically created depending on the folding type and every entity created
by the wizard is moved inside it. In addition, each of the files that were input in the first step, are moved to
separate “read-only” includes.

Based on the existing includes hierarchy, one can output either a file with Includes structure (main file with
nested Includes) or a single monolithic file.

[ airbag Folding Assistant X
Type Set up Controls and output model

Input files

Model Setup options Configuration file output (optional)

Model Setup options

Controls & Output ~ [E] ][ output Fie

¥ CONTROLS

Input the CONTROL card file

[:rsfdemofDesktu p/ffolding_tool/demo_files/ controls/controls_roll.k |« ]@

[n\ferwrte CH Read file ]
Current CONTROL card: |1
START ¥| TERMINATION
BEGTIM 40.0 ENDTIM

¥ OUTPUT

@ Export to monolithic file
Use read-only files

Use relative path for read-only includes
Output model file: [ v ]@

] g

| OUTPUT FILE |

© info for 4th page

[ < Back ][ Finish ][ Cancel

Fig. 8: Output of LS-DYNA files
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4.5 Configuration File

A highlight of the folding assistant is the capability to create and read a configuration file in “.json” format.
This option facilitates even more the usage of the tool and the time needed to setup a folding simulation by
saving all the created entities of the folding scenario in an ASCII file. Accordingly, by reading the configuration
file, all the entities that are described inside it are instantly created.

(LRGN RO R

Fig. 9: Example of .json configuration file
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4.6 Single/Multiple Step Folding

The user has the capability to setup a model for either a “single” step or a “multiple” steps folding.

In “single” step, one folding type is selected, then the corresponding entities are created in the next steps and the
ready-to-run LS-DYNA file is output. After running the solution, the deformed airbag can be input again in the
tool to setup a second folding scenario. As a result, the final desired airbag shape comes from separate folding
scenarios that are performed in a sequence.

The Folding Assistant offers one more option for the folding of the airbag to the desired shape. In “multiple”
step process, the setup of the loadcase is done as described in the “single” step process but instead of output the
file after each folding case, the user is able to move back to the initial step and add another folding type. The
setup of the step that follows is done as usual. After finishing with the setup of all the folding steps, one output
file is produced and sent to the solver. With this option, the final desired airbag shape is a result of one single
LS-DYNA solution that contains all the steps required.

4.7 Overview Button

At any point inside the wizard, the “OVERVIEW” button pops up a separate window that gives a quick
overview of all the entities created by the wizard. Different tabs exist for each folding type and entities created
during each step are showed under the corresponding list. Each listed entity car can be quickly edited by double
clicking on it.

[E] Folding Overview *
3 = Generated_entities_generic.k
- CONTROL
1 CONTROL
-~ BOUMDARY
1 BOUNDARY_PRESCRIBED_MOTION B.Presc.Mot. 1
= CONTACT
1 CONTACT default_AIRBAG_SINGLE_SURFACE
2 CONTACT default_AUTOMATIC_SURFACE TO_SURFACE
=t CONSTRAINED
1 CONSTRAINED _EXTRA_MODES_SET CONSTRAINED 1
2 CONSTRAINED_EXTRA_MODES_SET CONSTRAINED 2
oK Cancel

Fig.10: OVERVIEW button pop-up window

June 10-11, 2020 9



16" International LS-DYNA® Users Conference Occupant Modeling

5 Summary

This methodology streamlines all the steps for creating airbag folding loadcases that will be solved by
LS-DYNA through a wizard-like functionality and leads the analyst from the input of the airbags in ANSA to
the ready-to-run LS-DYNA file.

By selecting the desired folding type, the tool is automatically adjusted to the setup of the appropriate entities.
Moreover, it is possible to setup either a single or a multiple step folding process. A complete control over the
process is provided with the “overview” button that pops-up a window which contains all the created entities
according to the folding type they belong to. Last but not least, configuration files can be created that offer the
ability to control the folding process through a text editor.
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