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 The fallure tolerance requirements applicable
to ATV system are as follows:

— 1 FT for mission continuation and critical
consequences

— 2 FT for catastrophic consequences

e 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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- Some internal interfaces not shown (TMTC SU — SUs | Fls,
_ GMS FU — GMC 5U and FCM SU, PFS FU — GMS FU and PRO FU,_..)

™ 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 .

3rd IAASS Conference - Rome 21 to 23 October 2008



)

T S" i Identification of the failure condition EABS _ _
uman Spacetiigntang the associated coverage matrix Astium space Transporatior
failure / monitoring

ATV Design =
Functions definitions
Fi

Exhaustvity criteria for failure conditions

» Use of different methods & experience

* Iterative loop during the development phase
A 4

ATV Functional )
failures conditions list |

Fi

1st step Simplification : FEi not relevant for FDIR
> FEI ' No aggregation of the failure conditions since potential
dependence on mission sequence & related
consequences not yet assessed

Fj
FEXx
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Example : He pressurisation for
the Propulsion function

Schematic of the fluidic part
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prasauwant tank pressures

Anemaly Origins Diagnostic imeans Comments
Lack gf Extamal lezkage at the TOw Chnly 1F 1 covered by design for ihe | Extemnal lsakazes covered by thel
prassurant gaz | level FDV interface deszign (stuchurs + 150lation
oii ong hamers)
propellant side Ground monttoring: survey of the

Filter pollution

L. Lalled 10 closed of
mtermadiate position

Tank pressures: monstormg of the
propellant tank prasswres according
to the nominal operating domain {in
line with the operating &

Smgle point faihure coverad by
the ATV-RIBRE-FFW-109

[“TGIIK 71 e5 5T . MOILTOIINE OF ThE
propellant tank prasswres according
to the nominal operating domain (in
line with the operating &

gual:fication engme domam)

HPEFLV of the PCA ina closed

or intermediate position

LV searns: verificaton of the correct
LV posifion

the LV Vioomt

Tank pressure: mongtormg of the
propellant tank presswres according
to the nominal operating domain {In
line with the operating &

LV detection of anv shori-circuit via

s rSireseoas saSuso s Seianet

COhoar-
prassurizafion
on one side

Unexpected thermal avolution at

the velucls level

Tanlk remperamres: monitoring of
the level and compartson with the
flizht predictions

Stueturzl falhas at the PR lavel

Tank pressure: momatormg of the
propellant tank pres=sures according

Intemal leakage (HPHFLV)

to the nominal operating domain {in
line with the operating &

gqualification engme domaim)

Limmtation of the overprassurs
time affact by the whrodustion o
the FIProl} at the PCA lavel

Diacision to block the LPHFLY
m closed pesition to deal wath
the nominal leakage and the
thernmal expansions

Creetheatmgz at the HPHFLY
level (dnver shoat-cirewt)

Oreerpressmre of helime cansed
by LW short-cirewit not cradible

Inadhvertent
thrusi

Extemazl lezkage at the FOW
level

Cnly IFT covered by design (FDV
interface)

2FT zafety to be covered by the
analvsis of the meaxanmun thrast
diztbance and its somsequancay

___—//
SasEriam

FDIR not needed could
potentially improve the
design robustness

FDIR needed to cover
Failure tolerance

FDIR not needed could
potentially improve the

design robustness
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v A Sﬁ L Identification of requested EADS
uman Spaceflight reactivity (in Worst case)
. — . - . ATV mission =
Failure condition validity Matrix = Definition of the
relevant Failures condition % operational block operational blocks Ti
for FDIR FEi ‘
Failure Operational block
condition T1 T]
FEi X
N Consolidation:
Flight hazard scenarii
Propagation time :
Classification

High-short-long

o
>

\ 4

Matrix =
SEVERITY*REACTIVITY CLASS 2nd step
ATV Severity : _ Simplification
Specification for ATV Operational block Severity with minor
Gri T1 Tj e consequence not
| ‘ sizing constraint for
| Gr 9% ________ FDI
FEI High High_._._._._

Cj%n/ | Characterisation &

| EE A hierachisation of the
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System
Failura

PCA-3

Deqradead
loss
Tl
wvake
assemlly

Sea ATV-A
TH-1554 £5.3

Soverity

- Wo
FDIR
with
FDIR

wi: FDIR

aqulator pressure | one

per PCA branch) see
PR2S FMECA(ZI FM
10.4

FE2 - Reducsd flown
through  regulator see
PR2S FMECA(ZI FM
108

FE4 — Flow stability

digturb on regulator ses

PRSS FMECA(Z FPM
107
FES-undus closed

peition LPHF LV on PCA
due to meachanical failure
on blocking device ses
PR2S FMECZAT) FrA
120,

FES-CV blocked in closed
pezsition  ses FRSS
FMECA(S) FM 112
chvawi ng ref TBLD

of maounting process

3 Obstruction dus 1o potential

Hef propellant freezing:

The CV acts as a ke
against the propellant v
migration- The
freezing condiion has bes
assessed taken into accou
mission profiles

Cperational control @
- gee |0 PCAZ-2

- Contrel for blecking devics

integration

potential

sersos.ses PCA 4
The Acguisition is
daone thraugh
reclundanted and
independent CHML |
dedicated bus
communication  and
pawer)

Specification and

validation

of

Contributed by Failure Mode | FDIR
Time
ID Failure Report — - Time 10
(em) Internal Prevention sl o |ATVFDIR Rec | System FDIR
SYMpioms Detect
Failure Description ion :"'ﬂr
IC PCA3-1 1 Mechanica Diesign : In case of on-board Based on the anomaly The differants
failure of HPLY. PR. _ . anomaly on PCA low MYK triggered an alarm reconfiquration  pending
LFHFLY blocking device C1- Risk dus obturation due toll nracaire (propellant PRO_AL PRESS_ i=1 to mizsion  phase  are
in  closed  pasitio poliution causes see PCA-Z. Miank)  monitoring - 4 justified in ATV-AS-TN-
{inchuding padially open). o machanical failura F'H’C'_AN_MDNJE For  justification of the 1554 £5.3.4
FEl — Incompkte o HPLY, PR, CV in closed § FROANMENLS: thiessehold  compatibility
failed closed of HP HF L LPHFLV  blocking  positiongl Lo o b o with thiusters qualification
{2 par PCA in paralle (including  partially  open).ss - = - and reactivity — see Ses
jsee  PRSS FMECA(S PCA-1 The PTS  low ATV-AS-TN-1554 §5.3.4
FM 8.2 - Blocking davice on LPHF L Prﬂ’?&”*em&m““m
FEZ — | et qualification  wrt  functicnalfl IMElems N
failed in closed postion of performance and qualiication board e compatbla
b atlure

the
performance

FDIR
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Case ro cover Feared Evenr Reacnviey Need Menitoring Specification
Lack of pressurant gas on one § Consequences at the | Detection and 1solation of the Logic: Over or under pressure detected as soon as the couple (MON
propellant side thruster level: problem to be performed before | pressure, MMVH pressure) over-passes the FDIR set 1 (see figure 14.1)
(FDIR_PRO _ANO 1) over-passing the engine
* Shrapnel effect qua::iﬁ-:aﬁcm box (medim Constraing:
x  Bum-through reactivity as the pressure
decrease is drven by the For the over-pressure case, reactivity between the FDIR set | over-passmg
1 propellant consumption) and the defimitive isolation of the PR, failure (via the HPHFLV) to be lower
N ) than 3 & (hypothesis considered m [RD3-05] for the PRSS qualification box
Qualification per|test requested building)

Algorithm specificaiion -

IF (PMON PMMH) outside the FDIF. set 1 box as defmed m figure 14.1,
current active PCAs failed

Detectipn — reactivity 3) Isolate the PCA’s via closure of the comrespondent HFEFLY
. . . . ——— 0 1) Inactivate the FDIR set 1 and replace it by the FDIE set 2 dunng all
and isqglation specifications the recovery process

5) Peplace FOIR. sat 2 by set 1 as soon as the (PMON PMMH) couple is
back mside the FDIR sat 1 box

FDIR SET 1= Lumuts of the operatmg domam without failure (corresponds
to the nominal cperating doman + measurement MACCUTACY — IATEING
agamst the false alarms. When reached, a PCA faihure has occurred

Orver-pressunsation onene | Explosion of the Detection and 1solation of the FDIR SET 2 = Cormresponds to the extreme pomts wloch could be reached
propellant side propellant tank (MDP | problem to be performed before | dunng the 130lation process taking mfo account 3 mggenng of the 1selation
(FDIR_PRO _ANO 11) over-passad) over-passing the tank MDP and || process at the failure detecon linut
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Thruster Box Definitions

Under-pressure cases
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He pressurisation for the propulsion

Propellant Tank FDIR - Definition of the monitoring thresholds seis
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Alarm Raised Urgent
;j to Commands + HFPHFLY
FCV commands Physical
Writing Closure

LN3/FAS {15t command)

1553 Bus

Failure Witing/Reading Treatment
| A @444

Oceocurence
1] 234EE?D|'I|2|3|4|5|E|T\

-+ - > 4 >4 4 >
Ta=N"1s T4+T5= 100 ms Té&= 500 ms 7= 100 ms T8= 200 ms
(W = nb of cccurrances)
FCV
Physical
Closure
-+

T9= 40 ms max

Figure 14.6 — Reactivity (from detection to iselation) for the PCA FTSXT monitoring

This document Is the propenty of ASTRIUM SPACE TRANZPORTATION and shal not be communicated to third paries anddor reproduced withoul prior wrilben agresmans.
ite contents shal not be disclosad. © - ASTRIUM SPACE TRANSPORTATION - 2007
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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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= /70

anomalies

200 alarms

On-board FDIR design

Function
context

)
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Vehicle

context

1st/2nd failure x 80 vehicle

modes

32 000 cases of recovery to be analysed

k’ 20 000 relevant cases according to the mission

phase

k} 300 recovery actions

3rd IAASS Conference - Rome 21 to 23 October 2008
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Human Spacetlight Pressure failure condition
Jules Verne flight
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1,9
MON
e Alarm  triggered and
’ redundant branch
activates via the on-
s board FDIR
’ W -
1,75
Pressure
monitoring exceeds
the detection
thershold
116\ T T T T T T T
5:09:36 5:11:02 5:12:29 5:13:55 5:15:22 5:16:48 5:18:14 5:19:41
—— UP408K —— UP301K
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