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• The failure tolerance requirements applicable 
to ATV system are as follows:
– 1 FT for mission continuation and critical

consequences
– 2 FT for catastrophic consequences

• As a consequence, it is necessary to detect
failures and to perform isolation and recovery
(FDIR) adapted to each failure condition.
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• To comply with FT & FDIR requirements, the RAMS analysis was
performed based on the Functional breakdown of the ATV and 
with a step by step approach to manage the complexity .
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Identification of the failure condition 
and the associated coverage matrix

failure / monitoring

Name // Date

ATV Design  =
Functions definitions

Fi

ATV Functional
failures conditions list

Hazard analysis
Top down approach per hazard

Fi

Fj

FEi

FEj

FEx

1st step Simplification :  FEi not relevant for FDIR

No aggregation of the failure conditions since potential
dependence on mission sequence & related
consequences not yet assessed

Exhaustvity criteria for failure conditions 

• Use of different methods & experience
• Iterative loop during the development phase
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Example : He pressurisation for 
the Propulsion function

Schematic of the fluidic part 
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FDIR needed to cover
Failure tolerance

FDIR not needed could
potentially improve the 
design robustness

FDIR not needed could
potentially improve the 
design robustness

Example : Propulsion function and He pressurisation



73rd IAASS Conference - Rome 21 to 23 October 2008

Astrium Space Transportation

Identification of requested
reactivity (in Worst case)

2nd  step
Simplification 
Severity with minor
consequence not 
sizing constraint for  
FDI 

Characterisation & 
hierachisation of the 
effects for sizing
Severity & reactivity
class

ATV Severity :
Specification for ATV

Gri

Propagation time :
Classification

High-short-long

Consolidation:
Flight hazard scenarii

ATV mission =
Definition of the 

operational blocks Ti
Failure condition 

relevant 
for FDIR FEi

Operational blockFailure
condition

x
xFEi

TjT1

validity Matrix = 
Failures condition *  operational block

Gr1
HighFEi

Tj
Operational block

T1

Gr3
long

Gr2
High

Matrix =
SEVERITY*REACTIVITY CLASS
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Example : 
He pressurisation for the propulsion

Specification and 
validation 
of the FDIR 
performance
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Qualification per test requested

Detection – reactivity
and isolation specifications

Example : 
He pressurisation for the propulsion
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Thruster Box Definitions
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He pressurisation for the propulsion
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Example : 
He pressurisation for the propulsion
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Last step .. Qualification & 
validation tests 

• Validation test campaigns have been completed for each
element of FDIR required to provide Failure Tolerance:

- validation of the reactivity for detection and 
isolation,

- validation of the threshold,
- validation of the recovery plan 

• In flight experience with ATV JV has demonstrated the 
correct reaction of the FDIR.
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770 
anomalies

On-board FDIR design 

200 alarms

Function
context

1st/2nd failure 80 vehicle
modes

X

Vehicle
context

32 000 cases of recovery to be analysed

20 000 relevant cases according to the mission 
phase

300 recovery actions

X
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Jules Verne flight
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Pressure 
monitoring exceeds
the detection
thershold

MMH

MON
Alarm triggered and 
redundant branch
activates via the on-
board FDIR
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