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Ignition of reactive material

sical phenomenon description

namical solicitations (for instance impacts with speed close to 10 to
ormation mechanisms of some materials lead to local temperature
process are adiabatic given the range of time considered).

or the reactive material considered in this study, (Arthenius Kkinetic is here
considered) an small temperature increase leads to a large speed reaction increase.
Moreover, these material are very exothermic.

Thus, some critic conditions exist where mechanical dissipation can lead to materi
ignition.

For safety purpose, models are required to predict the ignition
materials.



Ignition of reactive material

Ical model for ignition prediction of reactive material

, |[Browning, 1995], Browning, 2001], the following model was proposed to
ict the ignition of reactive materials:

t
[=[(t-7)"p(r)dr <Q
0
2(n-1)
where function ¢(t) is given by olt)= (O-AT(t)j : £1()

in which o 4 (t), E, ,a(t) denote respectively the macroscopic pressure, the you
modulus and the shear strain rate.

n is a fractional number close to 0.77 and depending on reactive m

(2 denotes the maximal level of integral / that ensure materi



Ignition of reactive material

gnition condition and fractional integration

the previous model, there is no ignition of the reactive material if the
integral

[=[(-7) " p(2)dr <

O —

of order =1 — n of function ¢(?) is less then (2

To predict the ignition of the material, function !

2501 2514 2528
o(t) is computed with a finite element software = =l =
(Abaqus Explicit) at a large number of node, and B

integral / must be computed at each node.

A numerical algorithm for fractional integration is thus requi



Ignition of reactive material

A validation test bench

lidate the model previously given and the numerical method for
tegration, a test bench was designed by the CEA society.
Projectile

50 m/s Steel

Reacti.ve / Plexiglas
material
/

i Steel /

A reactive material confined between two steel plate and
hit by a projectile whose velocity is close




Ignition of reactive material

Experiment

Impact with a velocity V,, of the
test bench

4

Ignition : Yes or No ?

&:> Comparison

Validation method

Numerical methods

Computation of function ¢(t) at
each node after un impact

Computation of the fractional
integral of ¢(t) at each no

Ignition :



Fractional integration for ignition prediction

nal integration numerical method specifications

algorithm for fractional integration :

- must allows (quasi) real-time computation (a low number of operation at
each node),

- must not require a storage of a large number of sample of function ¢(t)
(given the large number of node, it is impossible to store all the function
¢@(t) history to compute the fractional integral by post computation),

- must allow variable sampling period (a variable step method is used to
produce functions ¢(t),

- must be implemented easily and the user must be guided to s
implementation parameters,

- approximation error must be predicted.



Description of the numerical method for fractional integration

lonal integration: a filtering problem

f0)




Description of the numerical method for fractional integration

Fractional integration and recursivity

Integral
discretisation

Variable
change



Description of the numerical method for fractional integration

t step : frequency band truncation
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Description of the numerical method for fractional integration

econd step : frequency discretisation

|Iy(ja)jd3 1 ‘IZI/ (]0)1 dB ‘[]{[ (]Cl)j dB
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Description of the numerical method for fractional integration

hird step : fraction expansion

N Ak
= CIO A() + Z ) Yo(t)
=l ey | Ho(p)
Wy
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Interest :

- a lower error propagation
- a smaller memory




Description of the numerical method for fractional integration

Fourth step : time discretisation

mation is used for time discretisation

o 1
i S Sk
— ~ p ~
dt h h

yiltig) . Co Aroult;)

AE

1+ (6 —tig)op 1+ — 1,9y

Y(t)= ACloulty) + % )

Others approximation formulas where also used

Tustin 21-z" Al Alzoni
= 1 ustin T o= _—
dt  hitzt A0LL o

A small accuracy improvement however, a larger memo



Results

A reference signal computation

Signal 0-05-1314

Signal 0-05-1314 intégré
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Results

of the proposed numerical algorithm
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Signal 0-05-1314

Signal 0-05-1314

Results
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Results

Error computation
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How to chose synthesis parameters ?

Through rule of thumb

y N
L H(af)+1)
4 _ o k=1\Yk
1+p ~]]<71(p)_CO N P
e H(+1j

k=1\ @k

i denotes the measure time duration, parameter o, must be choosen equal to :

_ iz

W,

2z
ATmin

y,

Parameter N must meet (see also work by Guglielemi):



How to chose synthesis parameters ?

Through error prediction

and , only with the knowledge of 7, and max(7},4 —7})

alHO-T)-H(-T..) W) ¥(p)= T[T - Tow)

k=1 p k=1 P

V)= OHO - OH-Ts,)  Veal)=T (o)1)
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How to chose synthesis parameters ?

rough error prediction: study of [¥»(jw)

10 T | T | T A T L T L T T

OF

-10+

20}

Gain (dB)

_ Module de Yz(jw)
-40 - ~ Majorant M, (w)




How to chose synthesis parameters ?

hrough error prediction: study of [¥(j)
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Gain (dB)

How to chose synthesis parameters ?

rough error prediction: study of \Yfen( ja)){
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How to chose synthesis parameters ?

ugh error prediction: Choice of @, and @,

Slope : -20ydB/dec

Slope : -20(1+y)dB/dec T ﬁn
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An idea get a satisfactory approximation of transfer function 1/p¥: compute @,
define the frequency band with in M(w) is greater than max(M(@))— X z5
0

wp = @y, 10 20(1—)

wy = C()Oll



Conclusions

al integration has been used to predict reactive material ignition

- Among the existing numerical algorithm existing in the literature and
tested, algorithm based on a recursive distribution of poles and zeros is the
only algorithm that simultaneously :

® permits real-time computation

® requires a storage of a small number of sample of function histor
15 samples are required)

® allows a variable sampling period

® leads to and easy implementation and the user is gui
implementation parameters.



Fractional integration for ignition prediction

of several limited frequency band approximations
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No accuracy improvements if the same numerical complexi
storage ).




Fractional integration for ignition prediction

rison of several time discretisation method

1
uler formula d -z
dt h
1
Tustin formula d_21-z
dt hitz?
d 8 1-z71

Al-Alaoui formula o This 217

Low accuracy improvement but a large numerical complexi




