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Needs and Goal

Flights over highly populated areas

Loss of radio contact (blind area of trajectory)

Eventual balistic phases and re-ignition

Need for Ground risk minimization

Need for adequate ground ris

- Instant risk and resulting « foot
- Resulting risk for population

K evaluation

orint » If mission loss




Risk characterisation
- Footprint depends on

o Instant position M(t) [X(t),Y(t),Z(t)] and
speed M'(t) [X'(t), Y'(t), Z'(t)]

« associated « gaussian blur »
o Instant mission loss risk h(t)

- Ground damage depends on footprint

through model y(X,y,z) (e.g.
Electra)

e Resulting risk

[ wX(),Y(t) Z®)].h(t).dt
J Mission

Goal Is: evaluating h(t)



problem definition

Conditional probability of failure between t and t+6ét :
P{failure between t and t+ot|[survival— t]}
= 1 - P{[survival from t— t+ot]|[survival—t]}
= 1 - R(t+0t)/R(t)
= [R(t) - R(t+01)]/R(t)

Instant risk definition

instant risk for detected modes h(z):—d {In[R(t)]}——R’/R
dt

Instant risk for non detected modes

F'(TY=d[-R(T)JdT=-R'(T)



problem definition

Instant risk definition

Conditional probability of failure between t and t+ét
P{failure between t and t+ot|[survival— t]}

= 1 - P{[survival from t— t+0t]|[survival—t]}

=1 - R(t+bt)/R(t)

= [R(t) - R(t+0t)]/R(t)

Instant risk for detected modes h(t):—d {In[R(t)]}——R’/R"
dt

instant risk for non detected modes F’(T}=d[1—R(T)]/dT=—R ’(T)




THEORETICAL MODELS AND TOOLS

NHPP PROCESS - ageing process and entropy
generalized Welbull distribution

sy O
eoeing V{7 Jelcto
entropy é(T ):(V(T ))ﬁ=(1g[C(t) t]ﬂ



THEORETICAL MODELS AND TOOLS

NHPP PROCESS - ageing process and entropy
(generalized Weibull distribution)

E=Equivalent Missions=(total test entropy)/(Mission entropy)

if k failures C=1-R Z[E In(R)] ' =1-D(Ek.R)

fREAELR)FE*R * 1[—E In(R )](k -1)

(k1)

E(R):I’”-f (rlr = ALU AE+LE ’”)drﬂiﬁﬂk

(E+1)

dDldH = g(H )= Ee " (E.H )™
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THEORETICAL MODELS AND TOOLS

BINARY PROCESS
Pyrotechnics and other constant PO

P(1st defective strictly before k)
= 1- P( 0 defective strictly before k) = 1- Rk-1

C=1—[kiC 1R (n1- 1—R)’} C=1—S”(N,k,R)
0

total defective k>0
R.y(nkR) ((nka)j w(nt+1,kR)

E(R):(n;k )\




THEORETICAL MODELS AND TOOLS
Estimate and Confidence
Hypothesis Ho: r<R (optimistic R estimate)
P{e [non observed event]} = f(R)=1-«a
strictly decreasing monotonous function of R
—> hypothesis rejected with « risk (confidence 1-«)

usually: e=number of defectivgs>observed (risk «)
here: rank of k-th defective (strictly before N or E)(risk
ad<q)
—closer bound:
(2 parameters k,N(or E) marginal variation 6R/0N < 6R/dkK)

k>0 : if zero, lower bound : 15 defective not before N

= C >1-RN (success-
run)



THEORETICAL MODELS AND TOOLS

absorption process for non observed modes

Tests : N missions, 1 incident Rp=1-1/N

<> estimated reliabilty, for whole set of modes
modes not observed are« absorbed » by observed mode

If 0 Incident, lower boundRpu > 1-1/N

< lower bound for estimated reliabilty, for whole set of modes...then
for every mode !

= If taken as estimate for each mode it would give
for whole set of k modes : R(all modes)= (Ru)

... Wwhile demonstrated reliabilty is  R(all modes)= (Ru)



MODE CHARACTERISATION AND HIERARCHY

Thorough technology analysis
Rex data, expertise
FMECA, CIL, ...
—
Critical
Major
minor
negligible (generally implicitely « absorbed »)
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MISSION et MODES
C(1)
A

Profil de Mission

T, T,|T, Ts Te
T3
Component :
e.q. fuel valve
P1 Mode 1 P2 Mode2 ' g Mode3eg = Mode jeg
eg « time » eg « time » «transitionsy | «good|bady PO




MARTA

Convolution above all modes

PR=||...| Ha‘”"(”‘)dm

R>qrir,.1m)

R domain defined by reliability function 5(1”1,72, .. I/h)



Analytic quick tool
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figure 1 : mode characterisation block
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Analvtic quick tool
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figure 2 : current point and transition block



Simplified result example

instant risks

0,0080000
0,0070000 - N
0,0060000 e
0,0050000 - N H(T) 223
o H(T) Z9
£ 0,0040000 — |O H(TM Awum
m H(T) P8O
0,0030000 - N = H(T) global
0,0020000 N B . [=mdh(
0,0010000
0,0000000 ‘ ‘
0,00 0,00 205,00 331,00 338,00 500,00 719,00 2950,00 3072,00
Chronology
P80 boost phase = G(T)*7.8 1079 <0.078 107/ (as G(T) is a probability)

P80/Z23 separation phase =g(t)*0.87 10-9 <0.0087 10-7




Mode Characterisation and Hierarchy

Thorough technology analysis
Rex data, expertise
FMECA, CIL, ...

—
Critical
Major
minor
negligible (generally implicitely « absorbed »)



CONFIDENCE P{R}
(¥> compatible)
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