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Introduction

Airbag safety system requirements

Fast virtual design

 In-position occupant injury predictiorr/
« Out-of-position occupant injury prediction «—Realistic gas flow

« Component performance issues

— Trim and module fracture prediction
=~

— Airbag hang-ups Detect and solve problems
] ] during the early design
— Incorrect deployment direction phases using simulation

- We need more accurate finite element airbag models
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Introduction

Demand for improved airbag model performance

Airbag CAE models must accurately simulate the same
deployment shape, timing and power as the real device.

In particular, we need...

e Good model of the gas dynamics v CPM
e Realistic folded condition v JFOLD
e Correct fabric behaviour v FORM=14
e Robust contacts v
Good trim material failure models v

... etc.
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Introducing JFOLD

Development driven by experience of
folding airbags for customers.

JFOLD runs inside PRIMER and uses

LS-DYNA to simulate each folding step.

Easy-to-use tool for non-expert users:
» Access to pre-processing functions

like MEASURE & CUT-SECTIONS.

 Internal checking & fixing avoids
calculation errors.

Windows & Linux supported v/

Constantly improved to make folding
quicker and easier.
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How JFOLD works

JFOLD tool library User’s tool library

JFOLD Folding tools Folding tools
Start: i 1 £ 1 Finish:

unfnldedl:{# Fold step 1 || Fold step 2 Ij)l Fold step 3 || Fold step n |C_>folded

airbag airbag
L5-DYNA dynain
Keyword \/ or d3plot \/ \/ )
LS-DYNA Analysis Analysis Analysis 0, 4 ay, Zs
ern
C/j’plec/
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Process Management Panel

_l Procezs Management Panel (test2)

Project [ rormal | Shrink [ Show &1 _| Hide Measure | =4
0101 Thin_fold  ~—  02.01 Thin_fold  } 03_01 Tuck_jold M= 04 01 Rol_fois | =P Folding pattern A
“Root” ‘Parent step”  ““Child step” L  wsosminros  ~— os02roiea  ~|=>Folding pattern B

[ o2 02Thintole ™ 03 02Rol fold M= 04 03 Tuck foid "~ =>Folding pattern C

LS-DYNA
analysis

LS-DYNA
analysis
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Project Sharing Capability

Request new airbag _ OOP studies ge
development Trim breakout studies Need 10 % o)
Full vehicle injury studies folding P

Car maker > >

Request new
¢ foldlng pattern
=== T Costs

-
e

Folded airbag model

E—

Supplier Develop prototypes
& folded CAE
modgls™<_
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Project Sharing Capability

Request new airbag _ OOP studies
development Trim breakout studies

Full vehicle injury studies
easily modify fold

[
— r 1‘ pattern using

-IShared JFOLD project data JEOLD v

Car maker

Supplier Develop prototypes Final design updates
Fold using JFOLD using JFOLD
g
SRRl

S

Copyright © 2018 JSOL Corporation All Rights Reserved 8 ]SOL CORPORATION  wrrosrs segeee: ARUP




Six Free Example Projects including Two Tutorialg

_magen S et e e o wems s wemo s— waew s I eovee i wawee Gl e e— weess c— oses c— mews s— warew o

01 01 WRAP: Wrap by stitching 02 05 STITCH: Airbag assembiy by stitching

ran o o)

e [ —

e

_—~ 3D Passenger airbag

- Driver’s airbag

_mmsas i mmew r— mume r—_ wwm - —_ e -{ SFES T mmews f— mams —_ auem -
01 01 PRESS: Press LT — 02 01 ZFOLD: 7 fold both sides (122 st it st

= E /
e e
!

s i

oo © 3557 308 oo i 2t 1

. . — asl

03 05 FLAT: Figtthe ai (siide 2,

Lift Folding

Lifting the roll up against the inflator using Fold Line beams

Lifting the roll up against the inflator using Fold Line beams

< .

]

o £ 355 133 Comoron 20 it 1 J Force applied to
Fold Line beams

Toolsrequired:

+ Inflator components 1
— e e (T o i o
04 16 WRAP. (Underside view) Wrapper & inflator insert (Method . SPCY =1 2
ST ' J)‘
i + Fold fine x1 =~
. Prep time: Smin B [ o,
. - = R tims: 1 Smin {16cpu) T ——im e :
e © T 3 St 41 Rt i ' ARUP e © 2557 135 St A e il JSOL CORPORATION == ARUP
28 29

Thick Folding / Bending

Two thick folds gently bend the many layers of fabric. Py TR ey sy P et i
ooyt Loy S L T

making & sick feid sstrehad e bund plases
Firs Biroaion, ke 2

Also: curtain
airbag

Moves a iole gl than
BEVD ) o sueid hiing

E
= = asanay plase, oy sevacss rhalls m she rollabene |
Touls required: |
+ Inflator components x1 TS W |
\ + Pressurex2 [ |
- - Prep time: 10min + Node fix (SPC) 12

Run time: 30min (16cpu) * Platesxd avetageoes e et exs s Priomc et
T JSOL CORPORATION =~ ARUP oo & 307 208 Seeies e Foret T JSOL CORPORATION = ARUP
31 32
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Fold type tool — -

/“ W
Dependent type tool

B
/
P ~

®—Stationary type tool

R U BEINo ) NTAL
ﬂﬂ - + @ | .
O MY sH_Rect o1 T
L A | ATV Sttionery One Tool Assy button made up of
J J A‘ SH_Rect 02 -~ Stationary | AT Stationary four tools is d.isplayed_

™

Four tools are assembled as Tool Assy.
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Import from library
Scale to correct size

St oo | E ETE EEE oo | reesdl | Grsiire peiD

e S

Tool Management (SAB _vd)

BT eoine | capsan: |

o | Desey | pests |

i toAuseabi. | | Facheniy | | henas acten | |

: = Tosl  Fiil Coard
H-lr 0 R vx vix

[V Local ] chiobal W Local 1] Global W Lo [ Glabal
ﬂ - _] Draggrglic  Wf% EHY [Z Cx Wy Wz _mg
bl o omer, -m E=R

S0 | EEmEEve [ s D e
_.ﬁ _J SH.Pabe3 D1 . [‘/ _] SR
J Cacrd - Select coordinate systeen for arisnt

Copyright © 2018 JSOL Corporation All Rights Reserved

11

JSOL CORPORATION  wrroar

amrrrmw
T ATA G

ARUP



Example of Built-in Tool Assembly

The Auto-Move function positions all plates just slightly away from
the airbag fabric automatically

/ W \

\\' Z

-

t\t

i Toc Varapnert (26011 -
sew o ~| ﬂm“_wud st | roarene e M Eanee | o
] ICEERrl  fhicineer | changeaction | Codect | foey | Disgey | Dees |

e Cange Terget 8683
Toal  : Select teols 1 be sue-postioned.
Fotstor #esp ot mad / Move wi oot/ Nt moved

ik
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Example of Built-in Tool Assembly

Preview function animates the tool motion

! -
i B Ay Corcml e T :
ol JNER Aot -
®vx e Gt Teget
Todl
ar © Kes)
VAR A
v v -
v 2w
v i -
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S Rotator height adjusted for a thicker fold

Tool Management (S482) |

Step No. o1_0z2 - Save Apply
Step Mame  FOLDS

Alrbag Management| Markers \

g: /N

Mew Tool Presdeu Al [ ToolMame _|PartID Cutput | End Time | Global Params | Help

Orient |AutuPDsiti0ning‘ Thickness | Copy | Display | Delete |

termination time: {Auto) 0.050
Initial 0.00 0.01 0.02 003 0.04 0.05
L 1 1 1 L )

ﬂ —_'-IE J Fold01_01 ﬂ ASSY ston
+ ﬂﬁ _| ANGTTIFRE Y| Assy = Ih:c:easingforce
JE _| A Fix L Cunstajt farce
\Timing offset to avoid collision - ool Assy
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Analysis Submission

JFOLD can submit LS-DYNA on local processors
(Remote & batch submission under development)

;_] Process Management (SA4B)
1 Project ™M [TNormal _Shrink [ Show Al _|Hide JFOLD Ver.400 Info.|  Settings |
IS oo~ rooLnavacenent
— o1 o2Tuck - ARBACGMANACEMENT | .
READ MODEL
—  0103TUCK  * SELSTATUS _M— 0301FOLD M—— 04 0I1PRESS ™ 05 01ROLL M
L 0s_02ROLL M
VIEW RESULTS
e | os_maroLL M
CHANGE STEP NAME | 05_04ROLL M= 06
i =]
Colour of buttons Edit mode

Select Arup software D3PLOT executable (Ver.13.1 or later)

|] [/ useDp3pLoT
| D| C:\Program Files\Ove Arupiv13-1\d3plot1 3_1_x64 exe

shows run status =2 Running (JFOLD submit)

Updates automatically _Running (user submit
when finished. Finished : Normal termination

Finished : Error termination

Select LS-DYNA executable

[w# UseLs-DYNA onlocal PC
(| oLSDYNART12rogramis-dyna_smp_s_R712_winxB4_ifort131.
NCPU B w|
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Side Airbag Example
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Study Objectives:

1. Demonstrate JFOLD using a simple airbag and common folding techniques

2. Compare deployment performance of each design using CPM in LS-DYNA
JFOLD data created in this study will be made freely available to JFOLD customers

Make various folding
patterns using JFOLD

Example side airbag

7 JSOL CORPORATION wroers==zz= ~ ARUP
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Side Airbag Folding and Deployment Study \\
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Side Airbag Folding and Deployment Study \\

Lift Folding

Wrapper Fitting
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Copying Tools to A New Step

Copying tools saves preparation time!

— Process Management (SAB_EXAMPLE) |ﬂ-|J|X||
Project  ~ [ Normal | Shrink | Show Al _|Hide JFOLD Ver 211 mnf | Seflings |

[SAEB@WRIE — 0101TUCKS n—_  0201INF  ~—_  0301ZigZlag r— 04 01WRAP r— 05 01DONE |

— Process Management (SAB EXAMPLE) IE'IJIXH

Projgct | [ Normal _| Shrink [ Show Al _|Hide JFOLD Wer. 2.1.1 Info. | Settings ‘
_— 01_01TUCKS ~—  02.01INF r)—[
03_03 ROLL A1 04_03 LIFT

05_03 WRAP "I— 06_01 DONE =

COPIED
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Copying Tools to A New Step

Copying tools saves preparation time!

= Process Management (SAE_EXAMPLE) B=_iX
Projgct | [ Normal _| Shrink [ Show Al _|Hide JFOLD Wer. 2.1.1 Info. | Settings ‘
_—_—[_—_—
_ 05 03WRAP  r—— 06 01DONE |
01_02FOLDS  H— 02_02 INF »)—[ 03 02 ZigZag ™ 04 02WRAP  r—— 05 02DONE |
03_04ROLL  r— 04 04LFT ~— 05 04WRAP ~—  06_02DONE
— Process Management (SAB_EXAMPLE) |ﬂ-\JIX\|

Projct " [ Normal _|Shrink [ Showal _|Hide JFOLD Ver.2.11 Info.|  Seftings |

_—_—[_—_—
0203ROLL '~ O40LIFT  r—— 05.03WRAP r—— (0801DONE |
~ 0102FOLDS | 02 027igZag  rm—

_ 03O4ROLL _ 0504WRAP o~ 0602DONE |

01_03 INF »\—I: 02 03 ZIGZAG  ~— 03 05FOLD - 04_05WRAP  ~—— 05 05DONE  H

02_05 ROLL P*l— 03 07 LIFT "}— 04_07 FOLD - 05_06 WRAP P*l— 05_03 DONE H

Mostly COPIED
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Roll 2 bend  Zig-zag = bend  Tuck = Roll Tuck = Zig-zag  Fold = Roll Fold = Zig-zag
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Impactor Deployment Results

Zig-zag ébend

Tuck = Zig-zag Fold - Zig-zag

i

ZIGZAG = FASTER
ROLL = SLOWER

ZIGZAG + BEND = FASTEST

Tuck = Roll Fold = Roll
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Curtain Airbag Example
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Curtain Airbag Example
Typical design, <\

demonstration model

Free examples show easiest &
quickest ways to make different
fold types.

JSOL CORPORATION  wrasmeszz=:  ARUP
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Curtain Airbag Example

Free examples show easiest &
quickest ways to make

' Fit cover - keeps
different fold types. Inflator fitted into pocket. P

the airbag together.
It rips off during
deployment.

Rolled airbag is pulled into design
package position using quick and easy

methods Cut section through

final model v~
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Particle mapping can roughly visualise pressure field v/

NTTDaTa Giobal IT Innovator

JSOL CORPORATION
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Driver’s Airbag Example
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Roll Folding using JFOLD

Flat panels used to roll the /tat\alrbag

W

\
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Z1g-Zag Folding using JFOLD
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Passenger Airbag Example
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Passenger Airbag Example

Free examples show easiest &
quickest ways to make
different fold types.

Collapse
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Passenger Airbag Example

Copyright © 2018 JSOL Corporation All Rights Reserved 34 ]SOL CORPORATION  wrrosrs segeee: ARUP



PAB Deployment Analysis: CPM in LS-DYNA L

N\

Deployed using *AIRBAG PARTICLE
in LS-DYNA (400,000 particles)
1hr to 75ms (64cpu)
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New Morphing Function
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Shape Morphing — 3 step process:

1. Morph the inflated bag to roughly desired shape
— Interactive morphing to change size and shape
— JFOLD reports volume, distance to occupant etc.

Target inflated volume: 90 litres v/

T ]

o
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Shape Morphing — 3 step process:

1. Morph the inflated bag to roughly desired shape
— Interactive morphing to change size and shape
— JFOLD reports volume, distance to occupant etc.

Target inflated volume: 90 litres v* |- + — -

Copyright © 2018 JSOL Corporation All Rights Reserved 38 ]SOL CORPORATION  wrrosrs segeee: ARUP




Shape Morphing — 3 step process:

2. Run simulation to change the original shape to the morphed shape
— Low pressure inflation, interacts with parts to reduce wrinkles
— Check volume, distance to occupant, force on occupant etc.
— Morph again if needed

Morphed inflated volume: 91 litres v/
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Shape Morphing — 3 step process:

3. Map fabric elements into the new morphed shape.
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PAB Design Tool — Shape Morphing
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PAB Design Tool — Shape Morphing

Original PAB compared to morphed shape (CPM)

Design improved v~
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Ongoing Airbag Simulation Research at JSOL & Arup \\

Particle flow control focr) better gas dynamics

OILOT PAS STATIC 17
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Summary and Conclusions

 In this study JFOLD and LS-DYNA were used to
demonstrate examples of SAB, CAB, DAB and PAB
folding.

 Various JFOLD tools and techniques were used to quickly
generate the models.

o JFOLD is a proven enabler for fast and realistic
simulation based folding.

» User feedback, requests and continuous research into
quicker and easier folding techniques drives the
development of the software.

e For more details please see Arup.
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Thank you very much

Shinya Hayashi Richard Taylor
JSOL Corporation Arup
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