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1. VERSION 9.0 GUIDELINES UNIFORM PRESSURE AIRBAG

2. VERSION 10.0 EVOLUTIONS



AIRBAG INPUT : MEMBRANE FE
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MEMBRANE FE : use one integration point through the thickness

SH3N @ Preferred A
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AIRBAG INPUT V9 : GAS
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1 GAS PER INJECTOR

GAS INPUT
. C,(T)
- C,=C_ +C,T+ Cch2
o Coy i Jkg/K, C o, Ikg/Ke ...
R
.« =9(T) = Mw=— 9
R (g - DC,(T,)
« m(t) and T(t)

GAS MIXTURE : use as many injectors as gas
INITIAL GAS

* Important for tank test simulation



AIRBAG INPUT V9 : VENT HOLE

e LOSS MASS FLOW

1
P, 9
eXx X )qJ
Ry

My =7

Abff —a >A10Ie> Ft (t) ’ Fp(P B Pext) ’ Fa(A)
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AIRBAG INPUT V9 : VENT HOLE
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VENTING STARTS IFQD or (@) IS TRUE
(0 t3t,, STARTTIME
+(2) Dp° Dpyes during tger MEMBRANE DEFLATION

FABRIC POROSITY : use same input

CONTACT : outgoing mass flow can be reduced (flag I,,)

Agff = al ><'AYlloIe th(t) pr(P B I:)ext) ><I:a('A‘)

DIFFICULT TO CALIBRATE (ex: seams)



AIRBAG INPUT V9 : FABRIC LAW
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 LAW 19 (FABRI)
 ELASTIC
« ORTHOTROPIC

« Constant warp/weft angle

« REDUCTION FACTOR ON COMPRESSION MODULUS : RE

#--1----|----2---| === 3= | ----4=-- | === 5| ---6----|----7-=-~|----8----|----9----| ---10----|
IMAT/FABRI/1
Airbag Fabric
# Init. dens. Ref. dens.

7.6E-4 7.6E-4
# El1l E22 NU12

200 200 .35

# Gi12 3 G31

< R e Rt B T S




AIRBAG INPUT V9 : LAW 19 -G ,,

G12=50MPa G12=5MPa




AIRBAG INPUT V9 : LAW 19 - G 4,
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AIRBAG INPUT V9 : LAW 19 - RE




AIRBAG INPUT V9 : LAW 19 - RE
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AIRBAG INPUT V9 : FABRIC LAW

* Anisotropic

* Physical fiber coupling

* Non linear shear with locking angle

« Non linear elastic fiber s = Ee - B¢’

<=1/

=/

variable warp/weft angle

warp and weft fiber are coupled in tension
warp and weft fiber are uncoupled in compression
no discontinuity between tension and compression
In compression only fiber bending generate global stresses

variable Poisson’s ratio

////,///.'
2 e -”///

Warp traction (free in weft direction) Warp compression (no traction in weft)



AIRBAG INPUT V9 : REFERENCE METRICS
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Purpose: to obtain the right bag volume after unfolding a folded bag
« Folder SW tools are changing the fabric area

 [nitial strains are usually small i.e. 10%
« Orthotropic directions are not defined in the reference state

 Message . « WARNING REFERENCE STATE » when an element is
Initially in tension

A s
 Initial stresses may be set to O [material laws 19 & 58]

* Optionl : compression only, input A/A, , At

e Option 2: both tension and compression [10.0]

« Other use : bag is initially shrunk into the canister

 [nitial strains are high i.e. 60%
* |tis eventually necessary to use a start time for the contacts

» [nflated bag may have different characteristics
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Timée = 0.000000 Time = 0.000000




AIRBAG INPUT V9 : REFERENCE METRICS
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FLATTRIL19BREF 1400
Time = 0.000000




AIRBAG INPUT V9 : REFERENCE METRICS
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AIRBAG INPUT V9 : REFERENCE METRICS
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AIRBAG : SUMMARY & RECOMMENDED OPTIONS

« TRIANGLE MEMBRANE
e SMALL STRAIN

 LAW 19
e COST EFFECTIVE

« REFERENCE METRICS
« TO BE USED TO CORRECT FOLDED BAG AREA
« SHRUNK BAG
« MAY NEED TO MODIFY M(t) TO LOWER INITIAL PRESSURE PEAK
« NEED TO ZERO INITIAL STRESSES ex: A/Aref = 90%

« CONTACT TYPE 7
e INTERSECTIONS : NO
e INITIAL PENETRATIONS : INACTI=5

« EDGE TO EDGE CONTACT TYPE 11
« FOLDED BAG



AIRBAG INPUT V10
« /MONVOL/AIRBAG1
 GAS defined via MAT_ID
 INJECTOR defined via PROP_ID
« FABRIC POROSITY INPUT IN MATERIAL LAW
 LAW 19
e LAW 58



AIRBAG INPUT V10

. /MAT/GAS_DATA/mat_ID[/unit_ID]

« MW molecular weight
C e
. c,=(c.+c,T+C T?+C, T3+ +C,T*)

T2

* CpaiJka/K, C 1 Ikg/Ke, ...

 IMAT/GAS_DATA/MOLE/mat_ID[/unit_ID]

« MW molecular weight

1 Cpe
¢ Cp :W(Cpa-l_cpb-r -l_Cch2 +deT3+ . )

T2
* C,,:J/imole/K, C , : J/Imole/Kz, ...

« /IMAT/GAS_PREDEFINED/mat_ID
« N2,02, CO2, CO, AR, AIR, ...



AIRBAG INPUT V10

 /PROP/INJECT1/injector_ID[/unit_ID]
. Gas, M, (1), T,(t

 /PROP/INJECTZ2/injector_ID[/unit_ID]
. M(1),T(t)

- Gas, MolarFraction (t)



AIRBAG FUTURE & ONGOING WORK

« SEVERAL REFERENCE STATE FILES

e ORTHOTROPIC DIRECTIONS DEFINED IN THE REFERENCE
STATE

 VALIDATION USING INTERFACE TYPE 20
« SOLVE TIME STEP ISSUES WITH LAW 58
« IMPROVE AUTOMATIC GAS MESHER (/[FVMBAG)



