RADIOSS THEORY MANUAL

Version 2017 - January 2017
Large Displacement Finite Element Analysis
Chapter 10

y

, LN
A N
vy

Altair

Altair Engineering, Inc., World Headquarters: 1820 E. Big Beaver Rd., Troy MI 48083-2031 USA
Phone: +1.248.614.2400 » Fax: +1.248.614.2411 « www.altair.com e info@altair.com




RADIOSSTHEORY Version 2017 CONTENTS

CONTENTS

10.0 MONITORED VOLUME 3
10.1 AREA TYPE MONITORED VOLUME 4
10.2 PRESTYPE MONITORED VOLUME 4
10.3 GASTYPE MONITORED VOLUME 4
10.3.1 THERMODYNAMICAL EQUATIONS 5
10.3.2 VARIATION OF EXTERNAL WORK 5
10.3.3 VENTING 6
10.3.4 SUPERSONIC OUTLET FLOW 7
10.3.5 GASTYPE MONITORED VOLUME EXAMPLES 7
10.4 AIRBAG TYPE MONITORED VOLUME 8
10.4.1 THERMODYNAMICAL EQUATIONS 9
10.4.2 ENERGY VARIATION WITHIN A TIME STEP 10
10.4.3 MASS INJECTION 12
10.4.4 VENTING: OUTGOING MASS DETERMINATION 12
10.4.5 POROSITY 14
10.4.6 INITIAL CONDITIONS 14
10.4.7 JETTING EFFECT 15
10.4.8 REFERENCE METRIC 15
10.4.9 TANK EXPERIMENT 16
10.5 MONITORED VOLUME TYPE COMMU 17
10.5.1 THERMODYNAMICAL EQUATIONS 18
10.5.2 VARIATION OF EXTERNAL WORK 18
10.5.3 MASS INJECTION 19
10.5.4 VENTING 19
10.5.5 SUPERSONIC OUTLET FLOW 19
10.5.6 JETTING EFFECT 19
10.5.7 REFERENCE METRIC 19
10.5.8 EXAMPLES OF COMMU TYPE MONITORED VOLUME 19

01-Jan-2017 1



Chapter

10

MONITORED VOLUME



RADIOSSTHEORY Version 2017 MONITORED VOLUME

10.0 MONITORED VOLUME

An airbag is defined as a monitored volume. A monitored volume is defined as having one or more 3 or 4 node
shell property sets. The defined surface must be closed (the normal to shell elements must be all oriented
outward as shown in Figure 10.0.1). The shell normal must be oriented outside the volume. It is possible to
reverse the shell normals for a given property set (by entering a negative property number). Dummy properties
(property type 0) and materials (material type 0) can be used.

Figure 10.0.1 Tire model: volume closed

There are five types of MONITORED VOLUME:
AREA Type: volume and surface output (post processing option, no pressure)

PRES Type: user function defining pressure versus relative volume

(@]

) =Cst with y=-2

GAS Type: adiabatic pressure volume relation. P(V -V —
CV

inc
AIRBAG Type: Singleairbag PV =nRT =mrT
E
P=pT =ple,~c T = (y-DeeT = -2
COMMU Type: Chambered, communicating, folded airbag (airbag with communications)
Same basic equations:
Typical use of monitored volume isfor tire, fuel tank, airbag.
e Fortire use PRES or GAS type monitored volume.
e For fuel tank use PRES or GAS type monitored volume.
»  For simple unfolded airbag use AIRBAG type monitored volume.
¢ For chambered airbag use two ore more COMMU type monitored volumes.
e For folded airbag use a set of COMMU type monitored volumes.
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10.1 AREA type monitored volume

Thistypeis only a post processing option. It alows plotting of the Time History of volume and area of a closed
surface.
No pressureis applied with this option.

No specific input is needed for thistype.

10.2 PRES type monitored volume

With this type the pressure is defined versus relative volume with a tabulated function:
P=F(V./V)
where
F(x): Function
Vo: Initial volume
No external pressureis defined.

Only the load curve number is needed as specific input.

10.3 GAS type monitored volume

This option gives an adiabatic pressure volume relation. With ) = 1 anisothermal condition can also be applied.
It is possible to define an incompressible sub-volume to model a volume partialy filled with aliquid.
The general equation is:
PV V) =R, -V)

With

Vo initia volume

Vi: incompressible volume Vi <V,
A viscosity (4 can be used to reduce numerical oscillations.
If 4 =1acritical damping (shell mass and volume stiffness) is used. The viscous pressure g is:
1 [ PMe d_V

CENTV @

where Mg, = At isthe mass of fabricand A its surface.

The applied pressure isP - Pex + Q.
The specific inputs for thistype are:
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If the deflation is considered (isenthal pic outflow computation), the initial mass of gas, must also be input.

This monitored volume is typically used to model tire pressure or simple fuel tank. For tire model V; is zero and
for fuel tank V; isthe fuel volume.

10.3.1 Thermodynamical equations

The basic energy equation of the monitored volume can be written as:

dE =-Pd(V-V,)-dH,, EQ.10.3.1.1

Monitored Volume
where

e Eistheinternal energy

e Pisthepressure

eV isthemonitored volume

e Vjincompressible volume

« H,, istheoutgoing enthalpy
When the adiabatic condition is applied and assuming a perfect gas:
-1)E
P= u EQ. 10.3.1.2
V-V,

where y isthe gas constant. For air, y =1.4.

The two eguations above allow the current volume to be determined. The energy and pressure can then be found.

10.3.2 Variation of external work

At the current time step, t, assume we know:

. P(t-dt)
. E(t-dt)
. V=V-V,
O W(t), E(t), P(t) will be obtained as follows. Let:
SN :W(V@)—\m —dt)) EQ.10.32.1
be the variation of external work and from the adiabatic condition:
P = (L‘£ EQ.10.32.2
\%
we have:
sy = W-DAVIE(R) | Et-dt) EQ.10.3.2.3
2 |V{E) Vv(-dt)
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Let now:
E = E(t-dt)

V = (t)-V(t-d))i2
AE = E(t)-E(t - dt)

AE
( )V E 1
27 + EQ.10.3.2.4
2 V AV AV

1+ = 1-—~

2V

N

Hence, the external work is given by:

AV AE
I = 1E—|1+— EQ. 10.3.25
(v-1) - [ ZE} Q

Computing the energy from basic principles:

AV AE
AE = lJE—|1+—|-AH EQ. 10.3.2.6
-9 10 25 - o, 0
AH out Can be estimated from, u(t-dt), the velocity at vent hole; this estimation will be described hereafter.
The variation of internal energy A E can be given by:
AV AV
AE = lJ)E—-AH, 1)E— EQ. 10.3.2.7
{ (r-2E= }{ ~(v-1e; } Q
Therefore:
E(t)= E(t - dt)+AE EQ. 10328
E(t)
Plt)= 1)—=< EQ. 10.3.29
( ) (V )V (t) Q

This pressure is then applied to the monitored volume to get:
1. New accelerations
2. New velocities
3. New geometry
4. New volume

5. Ready for next step evaluation

10.3.3 Venting

Venting, or the expulsion of gas from the volume, is assumed to be isenthalpic.

The flow is also assumed to be unshocked, coming from a large reservoir and through a small orifice with
effective surface area, A.

Conservation of enthalpy leads to velocity, u, at the vent hole. The Bernouilli equation is then written as:

2

. y P_ vy Re U
(monitored volume) —= +— (vent hole) EQ. 10.3.3.1
V=1p yV=1pD
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Applying the adiabatic conditions:

_ P_ P,
(monitored volume — =

P P

Therefore, the exit velocity is given by:

(vent hole) EQ. 10.3.3.2

y-1

, 2y P 1_(Pextjy

u"=——_— &t

1 = EQ.10.3.3.3
y=ip

The massflow rateis given by:

P 1y
Mo = Prent Al = p(%} AerrU EQ.10.334

The energy flow rate is given by:

1y
Eout = m£~ = (%«) Amu\% EQ.10.3.35

The vent hole area or scale factor area, Avent, Can be defined in two ways:
- aconstant area taking into account a discharge coefficient
- avariable area equal to the area of a specified surface, multiplied by a discharge coefficient.

- avariable area equal to the area of the deleted elements within a specified surface, multiplied by a discharge
coefficient.

10.3.4 Super sonic outlet flow

Vent pressure Pyen iS equal to external pressure Peq for unshocked flow. For shocked flow, Puent is egual to
critical pressure Pgitand U is bounded to critical sound speed:

2 2 2 P

N
-1
P = P[ij
y+1

Puent = max(Perit , Pext)

And,

10.3.5 GAStype monitored volume examples
Some applicationsin RADIOSS:

* Atiremode :
Theinputs are:

-y =14

- U =0.

- Pex= 10° Pa

- Pini = initial tire pressure

Then, the pressure in the tire is Piire=Pext-Pini
-Vine=0
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» A fuel tank model if the sloshing effect is neglected

Only if the sloshing effect is neglected, pressure in a partial filled fuel tank can be modeled with a type
GA'S monitored volume. Use following input:

-y =14

- 4 =001

- Peq = 10°Pa
- Pyi=10° Pa

- Vinec = volume of fuel

10.4 AIRBAG type monitored volume

The airbag simulation used by RADIOSS uses a specia uniform pressure airbag. Hence, regardless of state of
inflation or shape, the pressure remains uniform.

Perfect gas law and adiabatic conditions are assumed. Injected mass and temperature are defined as a time
function. A sensor can define the inflater starting time.

Deflation of vent hole is available after reaching a pressure (Paer) for a given duration At P, or at time (Tae)

criteria At P, prevents deflation dueto initial peak of pressure corresponding to the jetting activation.

Figure 10.4.1 Uniform Pressure Airbag

PV.p,M, T E

AH

out

Uyents AM o, AH

out?

The key assumptions are:
» Uniformairbag pressure /7 kinetic energy is negligible
» Adiabatic conditions
The airbag simulation must include:
* Injection of energy and mass
e Bag mechanics (i.e. unfolding, expansion, membrane tension, impacts ...)

¢ Exhaust through vent holes
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10.4.1 Thermodynamical equations

The basic energy equation of the airbag can be written as:

dE =-PdV +dH,, —dH_, EQ.104.1.1

airbag
Where:
E istheinterna energy
P isthe pressure
V isthe airbag volume

H,, istheincoming enthal py

H_ . isthe outgoing enthalpy

out

When the adiabatic condition is applied and assuming a perfect gas:
o (v-2E

\%

where y isthe gas constant. For air, y =1.4

EQ.10.4.1.2

The two equations above allow the current airbag volume to be determined. The energy and pressure can then be
found. To know the current airbag volume, derive energy and thus pressure.

Considering a gas such that the constant pressure and the constant volume heat capacities per mass unit
(respectively, ¢, and ¢y) vary in temperature T.

The following temperature dependency of the constant pressure heat capacity is assumed:
c, =a+bT +cT? EQ.10.4.1.3

where a, b and ¢ are the constants depending to characteristics of the gas.

The ¢, and ¢, satisfy the Mayer relation:

c,(T)-c,(T) = MR EQ. 10.4.1.4

With Risthe universal gas constant depending to the unit system (R=8.3144 Jmol1K™1):

_de — ety + ¥
c(T)= = (T) h(t) = e(t) + ; EQ.10.4.15

Where, eis the specific energy and h the specific enthal py per mass unit of the gas at temperature T. We can then
obtain:

T T
1) =6+ [GNAT  and  h(T) =gy, + [c,(T)dT +MRT EQ. 10416

Teold Teold

Where, the lower index cold refers to the reference temperature Teolq.

Now, assuming an ideal mixture of gas:

PV =nRT EQ.104.1.7
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with n the total number of moles:
_ m®
n=>n"=>%_— EQ.10.4.1.8

where m® is the mass of gasi, and M® isthe molar weight of gasi.

It follows:
nRT
P= T EQ. 10.4.1.9
(i)
m
With nh = Zﬁ .
— M

10.4.2 Energy variation within a time step

Let T(t-8t) the temperature, P(t-3t) the pressure, and V(t-&t) the volume of the airbag at time t-8t, and m(® the
mass of gasi at time t-&t. T(t) P(t), V(t) are respectively temperature, pressure and volume of the airbag at time

t,and m® +amY - om?

Using EQ. 10.4.1.5, the variation of total gas energy can be written as:

ot the mass of gasi at timet.

Tt T(t-&)
AE = Z(m(i) +am®, = am® m)[e(' wld + J.Cv')(T)dTJ Zm(l [e(l cold + jcv (T)dT]
i Teold Too

EQ.104.2.1
which can be written as.
_ _ T _ _ _ T(t=d)
E= Z(m(') +d’n(|) d‘n( Out)[ jc (l)(T)dTJ Z( (I)in _&n(l)out e(|)Cold + JCV(I)(T)dT
| Tt-a) ! Teold
EQ. 10.4.2.2

On the other hand, the basic energy equation EQ. 10.4.1.1 of the airbag and the expression of enthalpy in EQ.
10.4.1.5 gives:

AE = Zdn(l)m[e(l cold +—T(I)In J.Cv J

EQ.10.4.2.2

Zd’n(i)out{e(i)cold +%T )out + JCVI) dT} —dN

i Teold

Where 3m®;, and T®;, are characteristics of the inflator and are considered as input to the problem. dm® oy and

T(i)ou can be estimated from the velocity at vent hole u(t). AW is the variation of the external work. This
estimation will be described hereafter.

01-Jan-2017 10
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It comes from EQ. 10.4.2.1 and EQ. 10.4.2.2:

T(t)

3 (0 + O - dnas) [, (T)T =

i T(t-a&)
Ty Ty
!Zo?n ”[ GT0n+ | cf”(T)dTﬂ [Z o?nom[ i Tad * J cv“ cr)dTﬂ
T(t-&)
EQ. 10.4.2.3
The variation of the external work can be written as:
I = (P(t) +P(t - d:)) V() -V (t-&)) EQ.10.4.2.4

2
Using EQ. 10.4.1.8, the last expression can be written as:
m(i) + dn(i)in - &n(i)out
L {Z Vi RT(t) ZMO) RT(t - &)
I + |
V(1) V(t-4&)

MW = V(t)-V(t-&) EQ. 10.4.2.5

N |

The last equation can be introduced to EQ. 10.4.2.3:

o 1T T m® O 0 NIt
{Z(m(‘uﬁn(”m—&n“)om) JCV(')(T)dT + Zm +m n om outj|RT(t)V(t) V(t-a&)

: d i M® 2V(t)

i i R i T | i i R
= Zam“ [—T“ + jcv( (T)dT] - iz(in“ou{M(l)

T(t-&)

TO oy
l)out + jCV(i) (T)dTJ:l -

T(t-&)

[« m® VO -V(E-&)
ZW}RT@ d)—Z\/(t—d)

EQ.10.4.2.6

T(t) ) .
The first order approximation J.cv(') M= cv(') (T‘t_d)(T (t) =T (t —&)) for each gas, which alows rewrite
T(t-&)
EQ.10.4.2.6 as.

{Z(m(‘) +am = amn )6, (T,_)(T(®) =T (t - a))} +

{Zm(‘uc?n in —om® } V(t)-V(t-d&)

(1)

RT (1)

EQ. 10.4.2.7

=[Zdn(”in[%'r(”m+ ' _[iz:v(i)(T)dTﬂ{Zﬁnﬁ)ow[MR. out+T fcv (T)dTJ]

T(t-&) [ T(t-

m® V() -V(t-d&)
{ZM }RT“ DN

Which allows to determine the actual temperature T(t). The actual pressure then computed from the equation of
perfect gas (EQ. 10.4.1.8).

01-Jan-2017 11
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10.4.3 Massinjection

The amount of mass injected into the airbag needs to be defined with respect to time. This is required as a
function. The specific heat, cp , along with afunction defining the change in temperature with time is required.

The data can be obtained by two methods:
1. Possibly from the airbag manufacturer
2. From atank experiment

A diagram of atank experiment can be seenin Figure 10.4.2.

Figure 10.4.2 Tank Experiment

Energy conservation
for tank system

de _ | PV
=mc, T, =—

at y-1
injected internal
enthalpy energy

The mass versus time curve can be derived from the pressure curveif T, isknown:

. PWM
=

= EQ.10.4.3.1
R,
: : . : R Cp
Where, M is the molecular weight of the injected gas. Ris the perfect gas constant : M =C,—C; y=—.
The average estimate for temperature of injection is:
AP VM
Tp=—— EQ.10.4.3.2
Am R

where:
AP isthetotal pressure variation during the experiment.

A misthe total injected mass, which can be derived from the mass of propellant in the pyrotechnic inflator and
the chemical reaction; 40% is a typical value for the ratio of the produced mass of gas to the solid propellant
mass.

10.4.4 Venting: outgoing mass deter mination

Venting, or the expulsion of gas from the airbag, is assumed to be isenthal pic.

The flow is also assumed to be unshocked, coming from a large reservoir and through a small orifice with
effective surface area, A..

01-Jan-2017 12
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Conservation of enthalpy leadsto velocity, u, at the vent hole. The Bernouilli equation is then written as:

2
(airbag) Yy PV Fu +4
V=10 V-1pe 2

Applying the adiabatic conditions:

P

ext
4
pvent

Therefore, the exit velocity is given by:

_ P
(airbag) — =

y1

u2 :EE 1—(P;°X‘j v
P

mmp:‘V

the averaged density of the gas and ) =

EQ. 10.4.4.1

EQ.10.4.4.2

EQ. 10.4.4.3

s o

Tt

averages of heat capacities at constant pressure and constant volume.

The massflow rateis given by:

P 1y
Moyt = Puent AU = p(%“j AU

The energy flow rateis given by:

1y
E‘out = m£ = (P;.d) A\/entuE
o UP v

The total mass flow rateisgivenby dm,, = p(

where Aen IS the vent hole surface.

P 1y
) A

EQ.10.4.4.4

EQ. 10.4.4.5

The vent hole area or scale factor area, Avent, Can be defined in two ways:

e aconstant areataking into account a discharge coefficient

» avariable areaequa to the area of a specified surface multiplied by a discharge coefficient.

10.4.4.1 Supersonic outlet flow

EQ. 10.4.4.6

the fraction of massic

Vent pressure Puent iS equal to external pressure Pe for unshocked flow. For shocked flow, Puen is equal to

critical pressure Pgitand u is bounded to critical sound speed:

< 2 222y P
y+l  plp

v
-1
F)crit = P(ijy
y+1

Pyent = max(Peit , Pext)

And,

01-Jan-2017
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10.4.4.2 Qutgoing mass per gas
_ 0
The massflow of gasiis dM® o = va dm,,, , where V@ is the volume occupied by gasi and satisfies:

o n® _ _ .
v® :”Tv (from PV® = n"RT and PV ={Zn("}RT ).

It comesfinaly

0)
i n
dmPou = =—=dm, EQ.10.44.8

Zn(i)

10.4.5 Por osity

The isenthalpic model isalso used for porosity. In this case, one can define the outgoing surface by the following
equation:

Aour =A T(A) g(P) h(t) EQ. 10.45.1

where:

A : Areaof the specified surface.
+ A :Scaefactor
e P: Pressure of the gas
e t:Time
It isalso possible to define closure of the porous surface in the case of contact.

The second model integrated in RADIOSS is called Chemkin model in which the mass flow due to the porosity
is computed by:

m= A\/ent u loairbag EQ. 10.45.2
where u is user defined function represented as::

u=f(P-p,) EQ. 10.45.3

10.4.6 Initial conditions

To avoid initia disequilibrium and mathematical discontinuity for zero mass or zero volume, following initial
conditions are set:

- Pini = Pext
- Tini

3

- If theinitial volume islessthan 10™* A? a constant small volume is added to obtain an initial volume:

3

Vini =107* A2

01-Jan-2017 14
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- Initial mass energy density is defined from the above values.

There is no need to define an injected mass at time zero.

10.4.7 Jetting effect

The jetting effect is modeled as an overpressure applied to each element of the airbag (Figure 10.4.3).
AP, = AR(t)AR,(6)AP,(6). max(7if,,0) EQ. 1047.1

with:

. N, being the normalized vector between the projection of the center of the element upon segment
(N1,N3) and the center of element as shown in the figure.

« 8 istheangle between the vector MN 2 and the vector 1, .

+ O thedistance between the center of the element and its projection of a point upon segment (N1, N3).

The projection upon the segment (N1, N3) is defined as the projection of the point in direction MN 2 upon the
line (N1, N3) if it lies inside the segment (N1, N3). If this is not the case, the projection of the point upon
segment (N1, N3) is defined as the closest node N1 or N3. If N3 coincides to N1, the dihedral shape of the jet is
reduced to a conical shape.

Figure 10.4.3 Jetting effect schema

10.4.8 Reference M etric

This option can be used to inflate an airbag instead of simulating the real unfolding which is difficult
numerically. A jetting effect can be added in order to set a preferential direction for the unfolding.

Aninitial State (airbag geometry input by the user in theinitial deck DOO) is given.

Reference Metric is a reference state with no grains. This state is defined from a file containing the nodal
coordinates, the connectivities of the airbag being the same as in the Initial State. The format of this file is the
same as the format of Nodal Coordinates of a RADIOSS Starter input. The file is read according to /XREF
keyword of a RADIOSS Starter input deck. The default name is RunNameRSO0.

The Reference Metric method consists in the calculation for the Initia State of the initial strains, stresses and
energy.

Compatible with:
- 4-node shells
- 3-node shells

01-Jan-2017 15
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- large strain option
- small strain option
- material law # 1

- material law # 19

Figure 10.4.4 Reference metric schema

Airbag Simulation

initial of |

position unfolding
required

Reference
Metric

Start with

a flat
airbag

10.4.9 Tank experiment

Injected mass curve and injection temperature can be obtained from:

» theairbag manufacturer

-

Dummy initial position

With atank test it is possible to measure temperature at injection point or in the middle of the tank. For pressure

Figure 10.4.5 Tank experiment schema

* atanktest
the two values are equal.
tank W= Cst
inflatar

T3P — P.T.m
| q
r'

Pin=f
Tin

10.4.9.1 Tin and P are known:

o dt
Y 72 o% 3

01-Jan-2017
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10.4.9.2 T and P are known:

ol
r-1c,T°

Or,

( P _dT

Or,

y om
Andif Tisconstant: Tin=T/ )

10.5 Monitored volume type COMMU

EQ. 10.4.9.2

EQ. 10.4.9.3

EQ. 10.4.9.4

EQ. 10.4.9.5

The airbag simulation used by RADIOSS adopts a specia uniform pressure airbag. Hence, regardless of the state

of inflation or shape, the pressureis uniform.

Perfect gas law and adiabatic conditions are assumed. Injected mass and temperature are defined as a time

function. A sensor can define the inflate start time.

Deflation of vent hole is avail able after reaching a pressure (Pdef) or time (Tdef) criteria.

01-Jan-2017
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Figure 10.5.1 Chambered airbag schema
Ap;3.S=ay3*S(P4)

(P5
Y

A2(P3,P4)

Ap3,S=a3

M=f,3(t), T=f5(t)

P5 ~P4)

P4
Ap3),S=a3,*S(P4)

P3

Ap12,S=ajy
Ap,1.5=ay
P1
()
@

" M=, (1), T=f,; (1)

Ap2,.S=ay

P2
Apl,S=a1*S(P2)

The key assumptions are:
» Uniform airbag pressure < kinetic energy is negligible
» Adiabatic conditions
The airbag simulation must include:
* Injection of energy and mass
« Bag mechanics (i.e. unfolding, expansion, membrane tension, impacts, ...)
» Exhaust through vent holes
This option is used to simulate chambered airbags and may be used to unfold an airbag.

Each COMMU type monitored volume works like an AIRBAG type monitored volume with possible vent
communication with some other monitored volume of COMMU type. A chambered airbag is therefore modeled
with two or more COMMU type monitored volumes.

Each monitored volume can have an inflater and an atmospheric vent hole.

Monitored volume 1 can communicate with monitored volume 2 with or without communication from 2 to 1.
Communicating area, deflation pressure or time from 1 to 2 can be different from corresponding values from 2 to
1. It isthereby possible to model a valve communication.

10.5.1 Thermodynamical equations
Same equations asfor AIRBAG type monitored volume are used. Refer to Chapter 10.4.1.

10.5.2 Variation of external work
Same equations asfor AIRBAG type monitored volume are used. Refer to Chapter 10.4.2.
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10.5.3 Massinjection

Same equations asfor AIRBAG type monitored volume are used. Refer to Chapter 10.4.3.

10.5.4 Venting

Same equations as for AIRBAG type monitored volume are used. Refer to Chapter 10.4.4.
The massflow rateis given by:

P 1y
Mo = Prent Al = P(f’“j AU EQ.10.5.4.1
The energy flow rate is given by:
1y
Eou = m% = (%‘Tj AyemUVE EQ.105.4.2

These mass and energy flux are removed from the current volume and added to the communicating volume at
next cycle.

10.5.5 Super sonic outlet flow

Same equations asfor AIRBAG type monitored volumeis used. Refer to Chapter 10.4.4.1.

10.5.6 Jetting effect

Same explanation asfor AIRBAG type monitored volume is used. Refer to Chapter 10.4.7.

10.5.7 Reference Metric

Same explanation asfor AIRBAG type monitored volume is used. Refer to Chapter 10.4.8.

10.5.8 Examples of COMMU type monitored volume
10.5.8.1 Example 1

Volume 1 communicates with volume 2 and vice-versa.

Monitored volume 1 communicates with monitored volume 2 with or without communication from 2 to 1. The
communicating area, deflation pressure or time from 1 to 2 can be different from the corresponding values from
2to 1. It isthereby possible to model a valve communication.
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Figure 10.5.2 Example 1: communication between the 2 volumes
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10.5.8.2 Example 2

Volume 1 communicates with volume 2 and volume 2 with volumes 1 and 3, but there is no communication
from 3to 2.

Two COMMU type monitored volume communications can have common nodes or common shell property sets
but thisis optional.

To model a folded airbag, one COMMU type monitored volume is used for each folded part. The boundary
between two folded parts is closed with a dummy property set (fictitious property). The pressure in each folded
part will be different and the area of communication will increase during inflation. With this model, the volume
with inflater will inflate first and before than folded parts (better than "jetting” model).
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Figure 10.5.3 Example 2: no communication between 2 and 3

10.5.8.3 Example 3

Volume 1 and volume 2 with common property set.
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Figure 10.5.4 Monitored volume with communication coefficient

Volume 1:
Prop. 1+3

[ T

~ Vent >

AM
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Communication area (porosity) can be

Modified with Acom coetticient:
*Acom=0 if there 1s no communication
*Acom=1 if the communication 1s total

out

10.5.8.4 Example 4: a folded air bag

Volume 1: Communication area

Prop. 1+4+5 Vol. 1to 2: prop. 4

Volume 2: Vol. 2to 1: prop. 4

Prop. 2+4 Vol. 1to 3: prop. 5

Volume 3: Vol.3to 1: prop. 5

Prop 3+5

Property Property
T Property }g
Dummy property Dummy property
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