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FHA

FUNCTION FAILURE CONDITION PHASE CLASSIFICATION FAILURE EFFECT
— To maintain thermal 1055 of the capabilty to susiain thermal loads Climb, cruise A The vehicle Is exposed ©© thermalloads and
loss of the capability to cool engines climb, cruise A loss of propulsion system
1055 of the capabilty to cool the vehicle primary Struciure climb, cruise A he airframe cannot bear extreme thermal loads
Toss of the capabillty (o cool systems climb, cruise A Severe damages to on-board system
— To board propellant 1055 of the capability (o storage the required propellant @ E the venhicle cannot fuli the starting check
loss of the capability o transfer fuel at a proper rate Take off c the vehicle cannot perform the running
loss of the capability to transfer fuel at a proper rate A the engines cannot be fed and lose thrust
loss of the capability o transfer fuel ata proper rate landing c The vehicle. approach and land properly
un ‘maintain the correct relative pressure all the vehicle cannot_provide the_sufficient motive flow
1055 of the capabilly to supply a continuous fuel at proper al the vehicle cannot work at the desired conditions
loss of the capabillty to refuel the tanks taxi the vehicle operate
055 of the capabillty to refuel the tanks Gruise the vehicle operate
loss of the capability to ensure suficient fuel al B the vehicle cannot face an emergency condition
in the main tanks to perform an emergency landing
— To perform HTO 1055 of the capabillty (o perform take-off tax E the vehicle cannot el in position on the runway and cannot start the running
Toss of the capability to generate thrust on ground take off C the vehicle cannot perform the running properh
105 of the capability o perform taking off take off B the Crew cannot make the aircraft reach the speed VA necessary for ifing off
—> To support HTO unable to reach the proper position on the runway taxi D the crew cannot control the aircraft on ground
unable to perform straight taking off running on the ground Take off c the vehicle maintain runway centeriine
unable to support the taking off manoeuvre take off B the crew cannot perform the rotation manoeuvre
unable to retract the landing gear take off c of the vehicle is
— To perform HL 1055 of the capability (o perform the approach for i Gescent c the vehicle cannot maintain the descent rate
loss of the capability to decelerate tanding B the vehicle decelerate safely on final
= To support AL Unable to perform braking Tanding c Speed cannot be controlled during taxi
unable to perform steering i c loss of aircraft control during taxi
= To perform the phases 1055 of the capabilly (o perform the phases climb ) the venicle cannot meet the profie
> To support the phases unable to guarantee the desired fuel mass flow rate climb c Severe to moderate of powerplant
= To perform the initial subsonic cruise 1055 of the capability (o perform the initial Subsonic cruise cruise ) the vehicle cannot reach the expected speed and alliude
— To support the initial subsonic cruise Toss of al the fiight primary surfaces cruise B the vehicle cannot perform any
T0ss of any fight primary surfaces cruise c the vehicle encounters a partial of the control
— To perform a cruise at 35km 055 of the capabilty (o perform a cruise at 35km cruise b the vehicle cannot get to the expecied alitude
— To perform a cruise at Mach 8 1055 of the capability (o perform a cruise at Mach & Cruise ) the vehicle cannot reach the expected hypersonic_speed
—y To sustain structural loads 055 of the capabilty to bear weight and forces take A The vehicle encounters a total loss of the primary structure
5T safely accommodate passengers and attendants loss of the capability to accommadate passengers and attendants taxi ) passengers and attendants cannot have their own seat and safety equipment
055 of the capabiity to accommodate passengers and atendants take offichimblcruisel n passengers and aiendants cannot have their own seal and safety equipmentin
emergency operational conditions
055 of the capabiity to accommodate passengers and atendants Take officimblcruisel c passengers and aitendants cannot have their own seat and safely equipment in nominal
operational conditions
— To sately the crew Toss of the capabiliy to the crew i E the crew cannot have its own seat and drive the vehicle
loss of the capabilty to accommodate the crew take officimblcruiseflanding A the crew cannot have its own seat and drive the vehicle
in emergency operational conditions
loss of the capabilty to accommodate the crew take officimblcruiseflanding B the crew cannot have its own seat and drive the vehicle
in nominal operational conditions
— To guarantee
To signals 1055 of the capabilly to Signals toffrom ground station @ The vehicle cannot get in position on the runwa
loss of the capability to e ke off the vehicle cannot start the take off
1055 of the capabilly to Signals toffrom ground station Glimb, cruise, descent The vehicle exchange any kind of information with the ground
055 of the capability to e landing the vehicle cannot land with the assistance of the ground station
loss of the capabily to reach the correct gate = the vehicle cannot take place an cannot get off
To store data unable to memorize data al the vehicle cannot collect information
To wansmit emergency signal © be localized 155 of the capability to transmit emergency signal a The vehicle cannot be localized in case of emergenc
Toiinform in case of system failure unable to warn in case of system failure a the crew cannot be notified about system failure
To quarantee inner 1055 of the capability to guarantee inner during fight a E The or attendants and
> To quarantee navigation and guidance
To acquire navigation data 1055 of the capabilly to acquire navigalion data ke offfanding B he system cannot calculate distances
loss of the capability to acquire navigation data C the system cannot calculate distances
To acquire dala Toss of the capabillty to acg; daia c the crew know data from the airspace around
To acquire fight data 1055 of the capabillty to acquire fight data al c the system cannot calculate speed and
To store and process_daia 1055 of the capability to determine the State vector al c the crew cannot know location and speed
unable to have a database and to upgrade new data all D the crew cannot manage the best route
To manage navigation data Toss of the capability to guarantee automatic guidance Cruise C the crew cannot activate autopilot
Toss of the capability to guarantee manual guidance al c the crew control the stick properly and perform
055 of the capabillty to activate Tanding c the vehicle cannot be supported during landin;
Toinform the crew 1055 of the capability to guarantee guidance and navigation all c the vehicle reach a desired state (specified by a target)
F—> 7o perform surveillance and identification
To carry out by ground station Toss of the capability to be identified on the runway taxi C the vehicle cannot be tracked
loss of the capability to be radars D the ground station cannot authorize the take off
loss of the capability to be radars climb, cruise, descent C the vehicle cannot be recognised by ground station
/055 of the capabillty to be radars landing c the ground station cannot authorize the landing
To cary out by other airplanes loss of the capabilly to be radars D he vehicle cannot be recognised by other aircrafts
l05S of the capabillty to be radars climb, cruise, descent c he vehicle cannot be recognised by other aircrafts
loss of the capabillty to be radars landing D he vehicle cannot be recognised by other aircrafts
To carry out survellance in the airspace around loss of the capability to carry out climb, cruise, descent c  vehicle cannot supervise the fight zone around
> To control the system in atmosp 055 of the capabilly to control the system in take offflanding A he vehicle cannot perform
loss of the capability to control the system in A the vehicle cannot perform
loss of the capability to guarantee control in case of emergency take offclmblcruise/ A the vehicle cannot perform manoeuvres
— To perform unpowered descent Toss of the capabilty (o perform unpowered descent descent B the vehicle cannot switch off the engines
— To support descent unable (0 support unpowered descent Gescent B the venicle cannot extend the landing gear
—> To guarantee human habitability loss of the capability to guarantee human need of al A passengers, attendants and crew cannot bear unproper environmental conditions
pression and oxygen
— To supply electrical power
To supply electrical power to vital users Toss of the capabiliy to supply elecirical power (o vital users a A The vehicle guarantee power distibution
loss of the capability to supply electrical power to vital users al A the vehicle cannot manage electric loads
loss of the capabillty to supply elecirical power to vital users a A the vehicle quarantee vital users
loss of the capability to activate emergency devices al A the vehicle cannot face emergency situations.
To supply electrical power to essential users 1055 of the capabillty to upply electrical power to actuators a A the vehicle cannot perform
1055 of the capability to supply electrical power o on board computers a B the vehicle cannot be controlled and properly drive
055 of the capabillty to Supply elecirical power o essential users take offlanding B the vehicle cannot the landing gear
To supply electrical power to non-essential users Toss of the capabillty to supply electrical power to non-essential users al E he vehicle cannot offer passenger




FTA: Loss of the capability to sustain thermal loads

/ Loss of the capability to sustain thermal loads /
| | |
Loss of passive cooling capabilities Loss of active cooling capabilities Loss of insulation capabilities

| | .
i Loss of heat transfer capability @f compatibility between SUD |
@f structural Capa@ Loss of the capability to control the cooling circuit operations

Loss of the capability to proper
reject heat loads

Loss of the capability to Loss of the capability to
| insulate through insulate through proper
Loss of the capability to make the cooling circuit work convection walls insulation systems

|
‘ Loss of the capability to measure temperature

n

Loss of the capability to guarantee
correct hardware operations

Other measurements
missing

Loss of
structural
capabilities

Loss of proper
level of aeration

Loss of the capability to make the gaseous hydrogen
Loss of the capability to make the feeding circuit work
liquid hydrogen feeding circuit work

m

Loss of the capability to Loss of the capability to guarantee the pumping Loss of regeneration capability Loss of the capability to guarantee Loss of the capability to compress gaseous hydrogen

guarantee adequate sufficient boil-off amount
outflow 1

[ | Loss of proper [ | Loss of regeneration capability

Loss of the capability to
supply electrical power

Loss of the capability to guarantee
correct software operations

Loss of the capability
to sustain extreme
thermal loads

Loss of the
compatibility
between
surfaces

Loss of
structural
shape

connections

Loss of channel 1 Loss of channel 2
Loss of channel 1 Loss of channel 2 < ‘ Lossb(_)lftthte
Loss of proper CO””D Loss of the capability to ‘ — . capabiiity 1o
: Loss of conductive heat roper reject
Loss of the - Loss of the capability to Oty exchange capabilities
Loss of the capability to capability to @the capability to suppl@I Los_s of_ the capak_)lllty to supply electrical power capability to
maintain pressurization maintain pressurization Loss of proper level maintain

supply power

pressurization

of aeration Loss of the capability to

supply electrical power

Loss of the capability to
maintain pressurization

Loss of the capability to
maintain proper temperature

Loss of the capability to
maintain pressurization

Loss of the capability to guarantee
w between surfaces

Loss of the capability to
maintain pressurization

Loss of the
capability to
sustain
extreme
thermal loads

Loss of proper

Loss of the capability to
connections

maintain pressurization

Loss of the capability to guarantee
proper contact between surfaces

Loss of proper
connections

Loss of the
capability to
maintain proper
temperature

Loss of the capability to
maintain pressurization

Loss of the capability to
storage hydrogen

Loss of the capability to

Loss of the capability to
mechanically operate

mechanically operate

Loss of the capability to
mechanically operate

Loss of the capability to
mechanically operate

Loss of heat
exchange capabilities

FTA: Loss of the capability to sustain thermal loads (Top-down approach)

Loss of the capability to sustain thermal loads /
A=1*10-9 *
| | |
Loss of passive cooling capabilities Loss of active cooling capabilities Loss of insulation capabilities

A=2*10-10 A=6*10-10 — A=2%10-10

| | |
. Loss of the capability to control the cooling circuit operation
Loss of the capability to proper @fstructural capa@ @eaﬂransfer capability @f compatibility between su@ Ss pability Ing circuit operations

, A=1.2*1010 i "
reject heat loads —3.8°10.3 38103 A=3.8%10-3 - Loss of the capability to Loss of the capability to
= = | insulate through insulate through proper
A=3.8*10-3 — | convection walls insulation systems
Loss of the capability to measure temperature
— —— Other measurements A=1.4*10"° A=1.4*10
Loss of the capability to make the cooling circuit work A=2.5*10"° missing

Loss of
structural
capabilities

Loss of proper
level of aeration

- *1()-6
A=4.8*10-10 ‘ A=4.9*10

Loss of the capability to make the gaseous hydrogen
Loss of the capability to make the

feeding circuit work
liquid hydrogen feeding circuit work

A=2.4*102

Loss of the capability to
supply electrical power

A=6.1*102

Loss of the capability to guarantee

Loss of the capability to guarantee

A=2.4%10-10 — correct hardware operations correct software operations Loss of the capability
A\=2.4*101° A=1.3*10 A=6+10°6 A=6*10-6 to sustain extreme Loss of the
thermal loads compatibility
| | | | | between
i i . . i i i A\=2.4*102 surfaces
Loss of the capability to Loss of the capability to guarantee the pumping Loss of regeneration capability Loss of the capability to guarantee Loss of the capability to compress gaseous hydrogen
guarantee adequate

A=6.1*102

outflow A=8*10-1 A=8*10-11 sufficient boil-off amount 81071 Loss of
A=8*10-11 structural
A=8*10-11

' ili shape
[ | Loss of proper | | Loss of regeneration capability p

connections Loss of the capability to Loss of channel 1 Loss of channel 2 A=8*10-11 Loss of the
Loss of channel 1 Loss of channel 2 storage hydrogen 80100 80100 A=2.4*1072 bility t
A=8.9¥106 A=8.9%106 A=3.6*10-% Loss of proper connections — — Loss of conductive heat gs)%aerlrlei{egt
. =6.3*103 -
@proper connections Loss of the . o1.9°102 A=6.3*10 Loss of the capability to Loss Of the exchange capabilities heat loads
A=6.2+10" Loss of the capability to capability to @the capability to SUDP'YIOOD' Loss of the capability to supply electrical power C?E:ibr::g)i/nto A\=8.9*10"
maintain pressurization supply power o maintain pressurization Loss of proper level @proper con@ izati o A=6.1110"
- A=3*10- - —— of aeration A=3*10-3 Loss of the capability to pressurization w proper connections
Loss of the capability to A=3*103 o109 Loss of the capability to A=3.6"10 A=3*103 supply electrical power
maintain pressurization Wn pressurization 7\=3.8°103 A=3*103 A=3.6*10-3 Loss of the
il A=3*10-3 . ili
A=6.2%104 Loss of proper A=3*10-2 Loss of the capability to guarantee Loss of the capability to LOS_S Of_ the Capa*?"'tY to LOS{S Of the Capab”'t}’ to capabtlllz 0
Loss of proper connections proper contact between surfaces maintain proper temperature maintain pressurization maintain pressurization sustal
Loss of
connections extreme
Loss of the capability to A=3*10°3 A=7.1+10°3 Loss of the capability to A=9.4+10°3 A=3"107 proper A=3.6*103 thermal loads
storage hydrogen . A=3r10° maintain pressurization . connections Loss of the capability to guarantee
Loss of the capability to Loss of the capability to N Loss of the capability to contact between surfaces \=6.1%102
2 1104 mechanically operate mechanicallv operate Loss of heat A=1.9*102 Loss of the capability to mechanically operate A=3*10-3 :
' 15109 15109 yop exchange capabilities mechanically operate 157100
T - A=8.9*104 A=1.5*10-3 T A=7.1*10-3

104



FTA: Loss of the capability to cool the engines

Loss of the capability to cool engines

Loss of passive cooling capabilities Loss of active cooling capabilities

Loss of the capability to Loss of compatibilit Loss of structural i . . )
0 y @eat transfer capability P Y Loss of the capability to control the cooling circuit operations

proper reject heat loads between surfaces capabilities
|

Loss of the capability to make the cooling circuit work |
Loss of the capability to measure temperature

Other measurements
missing

Loss of the capability to make the Loss of the capability to make the gaseous
liquid hydrogen feeding circuit work hydrogen feeding circuit work

Loss of the capability to
supply power

Loss of the capability to
guarantee correct
software operations

Loss of the
capability to
guarantee correct
harware operations

Loss of regeneration capability L fth -
Loss of the capability to guarantee Loss of the capability to guarantee sufficient boil-off amount . " oss of the capability to
Pabliity 10 9 pablityto g Loss of regeneration capability compress gaseous hydrogen

the pumping — |

Loss of channel 1 Loss of channel 2

" "

@ proper conn@

Loss of the capability to
maintain pressurization

Loss of the capability to guarantee adequate outflow

Loss of the capability to
storage hydrogen

Loss of the capability to sustain
extreme thermal loads

I I
Loss of channel 1 Loss of channel 2

n "

Loss of proper
connections

Loss of proper level
of aeration

Loss of the capability to
maintain pressurization

Loss of the capability to
guarantee proper contact
between surfaces

Loss of the capability to
supply power

Loss of the capability to

Loss of the capability to
supply power

mechanically operate

Loss of proper
connections

Loss of the capability to
maintain proper temperature

Loss of the capability to
maintain pressurization

Loss of the capability to
maintain pressurization

Loss of the capability to

o o Loss of conductive heat
maintain pressurization

exchange capabilities

Loss of the capability to

Loss of the capability to
supply power

supply power

Loss of proper
connections

Loss of proper
connections

Loss of the capability to

Loss of proper o 2
maintain pressurization

connections

Loss of the capability to
maintain pressurization

Loss of the capability to

Loss of the capability to sustain . 2
maintain pressurization

extreme thermal loads

Loss of conductive heat
exchange capabilities

Loss of the capability to
storage hydrogen

Loss of proper
connections

Loss of the capability to
mechanically operate

Loss of the capability to
mechanically operate

Loss of the capability to
mechanically operate

Loss of the capability to guarantee
contact between surfaces

Loss of proper
connections

FTA: Loss of the capability to cool the engines (Top-down approach)

Loss of the capability to cool engines

A=1*109
Loss of passive cooling capabilities Loss of active cooling capabilities
A=2+10-10 ‘ A=8+10-10 —
Loss of the capability to Loss of compatibility Loss of structural Loss of the capabilit ing circui -
_ . ru y to control the cooling circuit operations
proper reject heat loads Loss of heat transfer capability between surfaces capabilities -
A=1.6*101
A=3.8*103
A=3.8*103 A=3.8*103 A=3.8*103 —
| |
Loss of the capability to make the cooling circuit work — |
— Loss of the capability to measure temperature
A=6.4"10 \=2 8105 Other measurements
: missing
| | A=5.7+10
Loss of the capability to make the Loss of the capability to make the gaseous
liquid hydrogen feeding circuit work hydrogen feeding circuit work
A=3.2+1010 A=3.2%10-10 Loss of the capability to
supply power
Loss of the Loss of the capability to
A=1.4*105 capability to guarantee correct
| | guarantee correct software operations
" Loss of regeneration capability " harware operations A=7%106
Loss of the capability to guarantee adequate outflow Loss of the capability to guarantee Loss of the capability to guarantee sufficient boil-off amount L f fi bilit Loss of the capability to A=7%106 0
\=1.1%10-10 the pumping A=1.1*10-10 0SS Ol regeneration capabliity compress gaseous hydrogen
=1. A=1.1*1010 10
A=1.1*10710 . - A=1.17107° A=11#10°0 | |
Loss of the capability to sustain Loss of the capability to
extreme thermal loads storage hydrogen .
| | A=1.1*10-2 Loss of proper level A\=6.7*103 Loss of conductive heat | |
Loss of channel 1 Loss of channel 2 of aeration exchange capabilities Loss of channel 1 Loss of channel 2
A=1.1*10° A=1.1*10° Loss of the capability to 27103 Loss of the capability to A=2.9%10°3 A=1.1%10°5 A=1.1*10°
. - - guarantee proper Contact ma|nta|n pressur|zat|0n
Loss of the capability to Loss of the capability to between surfaces - Loss of the capability to
A=2*10" . . N
@proper CO””@ SUpply power SUPPLY power Loss of proper Loss of the capability to maintain pressurization Loss of proper
A=3.9*10-% \=3.9%102 A=2.2*1072 connections mechanically operate connections
\=6.8+10"* e Loss of the capability to NP A=3.9+10%
- . Loss of the capability to — maintain proper temperature - A=3.9*10-3
N Loss of the capability to Loss of the capability to maintain pressurization
Loss of the capability to maintain pressurization maintain pressurization \ N =1%102 Loss of the capability to sustain " Loss of the capability to
maintain pressurization - Loss of the capability to |
A=1.1*102 extreme thermal loads supply power supply power Loss of the
e Loss of proper A=3.9*10° Loss of proper A=3.9%10° Loss of proper Loss of the capability to capability to
> connections connections connections maintain pressurization A=1.1*102 \=3.0°10°7 A=3.9*10° maintain
pressurization
il A=3.9*103 ot A=1.1*102 A=1.1*10"2 .
Loss of the capability to A=3.9+10° L ; Loss of the capability to guarantee L ;
storage hydrogen Loss of conductive heat 0SS O proper contact between surf 0SS OF proper A=3.9%103
i connections urtaces connections Loss of the capability to —
Loss of the capability to Loss of the capability to exchange capabilities

A=2.3*10" mechanically operate

mechanically operate mechanically operate A=2.2*102

A=1.1*102 A=3.9*103 A=1.9%103

A=1.9%103 A=2.9%103

A=1.9%103

105



FTA: Loss of the capability to cool the primary structure

/ Loss of the capability to cool primary structure /

m

Loss of active cooling capabilities

n

Loss of the

air outflow

Loss of the capability to maintain proper cabin air inflow

=

I
@he capability to proper reject he@

Loss of passive cooling capabilities

I
@eat transfer capability

the proper amount of air

n

Loss of regeneration capability

Loss of the capability to feed the cabin
cooling system

Loss of the compatibility
between surfaces

capabilities

Loss of the capability to control the cooling circuit operations

capability to |
r?agrr]tcaz:t])in Loss of the capability to make the gaseous —
Prop Loss of the capability to guarantee hydrogen feeding circuit work l |

Loss of the capability to measure temperature

n

Other measurements missing

Loss of structural

Loss of the capability to
compress gaseous hydrogen

Loss of the capability to guarantee
sufficient boil-off amount

Loss of the capability to
supply electrical power

» m

Loss of the capability
to guarantee correct
software operations

Loss of the capability to
guarantee correct harware
operations

Loss of the capability to guarantee
contact between surfaces

@proper connD

Loss of proper level

Loss of the capability to
storage hydrogen

of aeration

Loss of the capability to
maintain proper temperature

Loss of the capability to
maintain pressurization

Loss of the capability to
maintain pressurization

Loss of the capability to
mechanically operate

Loss of channel 1

Loss of channel 2

Loss of proper
connections

Loss of the capability to

supply power

I

Loss of the capability to
mechanically operate

Loss of proper
connections

Loss of the capability to
supply power

e e
w proper con

Loss of the capability to
maintain pressurization

nections
|

me capability to sustain

wme thermal loads

Loss of the capability to guarantee
sufficient boil-off amount

"

Loss of proper level of
aeration

*@proper conn@

Loss of the capability to
storage hydrogen

Loss of the capability
to maintain
pressurization

Loss of heat exchange

capabilities

Loss of the capability
to maintain proper
temperature

FTA: Loss of the capability to cool the primary structure (Top-down approach)

Loss of the capability to cool primary structure /

A=1*10°

F

Loss of the capability to
maintain pressurization

Loss of regeneration capability

-

Loss of the capability to
maintain pressurization

Loss of the capability to guarantee contact
between surfaces

Me capability to sustain

Loss of conductive heat
exchange capabilities

wme thermal loads

Loss of proper
connections

Loss of passive cooling capability

A=4*1010

Loss of active cooling capabilities

A=6+10-10

n

Loss of the capability to
maintain proper cabin air
outflow

A=5*101!

Loss

A=5*10-11

Loss of the capability to maintain proper cabin air inflow

A=2%10-10

=

I
@he capability to proper reject he@

A=4.5*103

A=4.5*10"3

of the capability to guarantee
the proper amount of air

Loss of the capability to make the gaseous
hydrogen feeding circuit work

A=1.5*1010

n

Loss of the capability to guarantee
sufficient boil-off amount

Loss of the capability to
compress gaseous hydrogen

]
Loss of regeneration capability

n

A=5*10-11

Loss of the capability to feed the cabin
cooling system

I I
@eat transfer capability @f the compatibility between su@

A=4.5*103

Loss of the capability to control the cooling circuit operations

A=1.5*1010

S

Loss of the capability to measure temperature

n

A=2.7*10°

Other measurements missing

A=5.5*10

Loss of structural
capabilities

A=4.5*103

A=2*10"10

m

Loss of the capability to

A=1.7*102

- supply electrical power ili ili
p—p— —p— Loss of the capability to guarantee pply Y Loss of the capability to Loss of the capability
contact between surfaces Sy guarantee correct harware to guarantee correct
- P operations software operations
. [ I A=2*10-2 | A=6*106
Loss of proper COﬂﬂ@ Loss of the capability to Channel 1 Channel 2 ] o Ty t
oss of the capability to guarantee
Storage hydrogen A=2.5*10-11 A=2.5*1011 /L/ . ffici tFE) - ¥f 9 ¢ i —
\ossofproper connections sufficient boll-off amoun Loss of regeneration capability

A=5.7*103

Loss of proper
connections

A=1*102

A=1*10-10

Loss of proper
connections

"

A=1¥10-10

-

Loss of the capability to

Loss of the capability to guarantee contact

Loss of proper level

of aeration

A=3.4*103

Loss of the capability to
maintain pressurization

A=1.7*102

Loss of the capability to
maintain proper temperature

A=8.6*103

A=1.3*103

Loss of the capability to
maintain pressurization

A=2.7*103

Loss of the capability to
mechanically operate

A=2.7*103

Loss of the capability to

supply power

A=2.7*10"3

Loss of the capability to
mechanically operate

A=1.3*103

A=2.7%103

Loss of the capability to
supply power

maintain pressurization

A=1*1072

me capability to sustain

A=2.7*103

Loss of the capability
to maintain
pressurization

A =2.5*103

A=2.7*103

wme thermal loads

A=1%102

Loss of heat exchange
capabilities

106

Loss of proper level of
aeration

A=3.9%103

Loss of the capability
to maintain proper
temperature

Loss of proper conn@

A=1.9%102

Loss of the capability to
storage hydrogen

A=6.6*103

Loss of the capability to

A=9.9*103

maintain pressurization

A=1.9*102

Loss of the capability to
maintain pressurization

A=1.1*102

between surfaces

A=2.2*102

Me capability to sustain

Loss of conductive heat
exchange capabilities

A=2.9*103

extreme thermal loads

A=1.1*10"

Loss of proper
connections

A=1.1*102




FTA: Loss of the capability to cool the systems

Loss of the capability to cool systems /

Loss of passive cooling capabilities

Loss of the capability to
proper reject heat loads

|
@eat transfer capability

Loss of the compatibility
between surfaces

Loss of structural
capabilities

Loss of active cooling capabilities

»

Loss of the capability to make the cooling circuit work

Loss of the capability to make the liquid
hydrogen feeding circuit work

Loss of the capability to
guarantee adequate outflow

-

Loss of the capability to
maintain pressurization

Loss of the capability to
storage hydrogen

@ proper conn@

Loss of regeneration capability

Loss of the capability to
maintain pressurization

Loss of proper
connections

Loss of conductive heat
exchange capabilities

@ proper conn@

Loss of the capability to guaran

contact between surfaces

Loss of the capability to make the gaseous hydrogen

feeding circuit work

Loss of the capability to guarantee
sufficient boil-off amount

m

Loss of proper level
of aeration

FTA: Loss of the capability to cool the systems (Top-down approach)

Loss of the capability to
storage hydrogen

Loss of the capability to
maintain pressurization

Loss of the capability to
maintain proper temperature

Loss of regeneration capability

Loss of the capability to control the cooling circuit operations

-

Loss of the capability to measure temperature

Other measurements

missing

Loss of the capability to
supply electrical power

Loss of

exchange
capabilities

Loss of the capability to cool systems /

A=1*10"°

conductive heat

Loss of the capability
to maintain
pressurization

Loss of passive cooling capabilities

A=4*10110

Loss of the capability to
proper reject heat loads

A=4.5*103

@eat transfer capability

A=4.5*103

Loss of the compatibility
between surfaces

A=4.5*103

Loss of structural
capabilities

A=4.5*103

Loss of the capability to guarantee
contact between surfaces

Loss of active cooling capabilities

A=6+10-10

»

connections

Loss of proper

Loss of the capability to make the cooling circuit work

A=4.8*1010

Loss of the capability to make the
liquid hydrogen feeding circuit work

A=1.2*1010

Loss of the capability to
guarantee adequate outflow

A=6+10-11

-

Loss of proper conn@

A=5.7*10"

Loss of the capability to
maintain pressurization

A=5.7*10"

Loss of the capability to
storage hydrogen

A=1.9*104

Loss of regeneration capability

A=6*10-11

Loss of proper

connections

A=3.3*103

Loss of the capability to
maintain pressurization

A=8.3*10"

A=3.3*103

Loss of conductive heat
exchange capabilities

@ proper connections

Loss of the capability to guarantee proper

contact between surfaces

A=6.6*103

Loss of the capability to make the gaseous hydrogen

feeding circuit work

A=3.6%1010

Loss of the capability to guarantee
sufficient boil-off amount

A=1.8*1010 —

Loss of the capability to
storage hydrogen

A=2.2%102

Loss of proper level
of aeration

A=4.4*103

A=7.4*103

Loss of regeneration capability

A=1.8*101°

Loss of the capability
to guarantee correct
harware operations

Loss of the capability to control the cooling circuit operations

A=1.2%1010

Loss of the capability to measure temperature

A=2.5*10"° |

Loss of the capability
to guarantee correct
software operations

Other measurements

Loss of the capability to
supply electrical power

A=1.3*10°

Loss of the capability to
maintain pressurization

Loss of
conductive heat

A=2.2*102

exchange

Loss of the capability to
maintain proper temperature

capabilities

A=1.1*103

A=1.1*102

107

Loss of the capability
to maintain
pressurization

A=4.4*10-3

Loss of the capability to guarantee
contact between surfaces

A=8.8*103

Loss of proper

connections

A=4.4*103

missing
A\=4.9¥10
Loss of the capability
to guarantee correct
harware operations
A=6*10 A=6*106

Loss of the capability
to guarantee correct
software operations
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FTA (devices): Loss of the capability to sustain thermal loads

Loss of the capability to sustain thermal loads

m

[ [ |
Passive cooling failure Active cooling failure Insulation system failure

|
Thermal control failure

Walls degradation Inefficient radiator

|

Active cooling circuit failure

Materials degradation

Degradation of Insulation degradation
convection walls

Temperature sensor failure

Sensors errors

Shape

Aeration not :
Degradation of the liquid hydrogen feeding Degradation of the gaseous hydrogen feeding present degradation
I
Electrical system failure
Hardware errors Software errors Materials degradation
| | | Walls
Inadequate outflow Pump failure Regenerator failure degradation

Shape
degradation

|
Pump failure 1 Pump failure 2

Compressor failure 1 Compressor failure 2
Pipes leakages . .
. @Céﬂ system @ Tank leakages Materials degradation
Pipes leakages @
Pressure sensor failure

— Compressor failure
Amount of boil-off insufficient Regenerator failure

Inefficient
radiator

|

Electrical system

Pressure sensor failure
Pressure sensor failure Pressure sensor failure Pressure sensor failure Electrical system failure
: Pressure sensor failure _ _ Walls degradation
Pressure sensor failure O Electrical system failure 0

Tank leakages

Walls degradation - Pressure
Aeration not present Pipes leakages _
Pipes leakages Pipes leakages

sensor failure
Pipes leakages Materials degradation
@ature senso@

L

Pipes leakages

Mechanical failure Heat exchanger failure

Mechanical failure

Mechanical failure

Mechanical failure Heat exchanger failure

FTA (devices): Loss of the capability to sustain thermal loads (Bottom-up approach)

Loss of the capability to sustain thermal loads

A=2.5*1010 ‘

Passive cooling failure Active cooling failure Insulation system failure
A=1.01*10-30 A=2.5*1010 A=1.2*1035
| |
Walls degradation @pe degradaD Inefficient radiator Materials degradation Thermal control failure

A=3+10-11 A=3%106 A=5.6+10-7 \=2*108 A=1.1*10" ‘ Degradation of Insulation degradation

| convection walls \=1 017102
| | A=1.1*1012
Active cooling circuit failure :
Temperature sensor failure
A=2.4*1010
A=4.5%10-6 Sensors errors
A=2.5*10 Aeration not
' resent

| | , P Shape

Degradation of the liquid hydrogen feeding Degradation of the gaseous hydrogen feeding A=1 9*10°6 degradation
I
A=1.2+101° A=1.2*10°1° Electrical system failure Hardware errors Software errors A=3*104
A=7.4*107 A=7.1*107 : :
A=3*10 Materials degradation

| | | Walls

Inadequate outflow Pump failure Regenerator failure | A=2*10° degradation
A=2.1*1023 A=1.2*10-10 A=3.6*1031 .
—h Compressor failure Shape A=3*1011
| | Amount of boil-off insufficient \=1 %1010 Regenerator failure degradation
. . A\=7.6*10-% A=3.6*103! .
Pump failure 1 Pump failure 2 Pressure sensor failure A=3*104 Ineff_|C|ent
. A=1.1*105 A=1.1*105 — | | radiator
A=7*10 Compressor failure 1 Compressor failure 2 e
Pipes leakages Pipes leakages A=1.1*10° A=1.1¥10'5
Pipes leakages

- - Walls degradation A=3*10-10 Tank leakages Materials degradation
A=3*1010 Electrical system @ Electrical system @ - —
A=3*10"11 A=1*108 Pressure sensor failure A=3*10°

—2%10-3
A=3*10-6 A=2*10

A=3*10 i _ _
_ Pressure sensor failure . A=7%106 Electrical system failure
Pressure sensor failure _ Pines leakages — Pressure sensor failure _
Pressure sensor failure P 9 A=7*10 Wallls degradation

- . . —2%1(0)-6
A=7*10 Pressure sensor failure A=7*106 Electrical system failure A=8"10
_ —=2%1(0-10
A=7*10°6 A=710° NS0 A=3*10 Pressure A=3*1011
Aeration not present Pipes leakages _ _ sensor failure
Tank leakages Pipes leakages Pipes leakages
Pipes leakages A=1.9*10°6 A=3*1010 A=7%10-6

_ - _ ~ )\:3*10-10 h f |
A=1"10"% A=3+100 Heat exchanger failure

A=3¥10-10 T

/\ Temperature senso@e/
Mechanical failure Heat exchanger failure

A=1.9%10" A =1*106

A=2.5*10°

Mechanical failure

Mechanical failure

Mechanical failure

A =1*10°6

A =1*10° A=3*10-11

A=1*10°
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FTA (devices): Loss of the capability to cool the engines

Loss of the capability to cool engines

n

Passive cooling failure

A

|

|
@Ils degradatD Shape degradation
@erial degradaD

Active cooling failure

Active cooling circuit failure

Degradation of the liquid hydrogen feeding

Inadequate outflow

Pipes leakages

Pressure sensor failure

Tank leakages

Pump failure

Pump failure 1

-

Mechanical failure

Pipes leakages
—@cal system @

Pump failure 2

-

E

:

Mechanical failure

Degradation of the gaseous hydrogen feeding

n

Amount of boil-off insufficient

Regenerator failure

Pressure sensor failure

Pipes leakages

“

lectrical system @

Pressure sensor
failure

Pipes leakages

Heat exchanger failure

Materials degradation

Aeration not present
Pipes leakages
Walls degradation

n

Tank leakages

Pressure sensor failure

Thermal control system failure

Temperature sensor failure

Sensors errors

Electrical system failure

Hardware errors

Compressor failure

Compressor failure 1

Temperature sensor failure

Electrical system failure

Compressor failure 2

Mechanical failure

Pressure sensor failure

Pipes leakages

»

FTA (devices): Loss of the capability to cool the engines (Bottom-up approach)

Loss of the capability to cool engines

A=2.5*1010

~

Passive cooling failure

A=1.01*10-%0

|
Inefficient radiaD

A=5.6*107

|
@erial degradation

A=2*10-8

Wallls degrada

A=3+10-11

Shape degradation

A=3*106

Active cooling failure

A=2.5*1010

Electrical system failure

Mechanical failure

Pipes leakages

Pressure sensor failure

Software errors

Regenerator failure

Heat exchanger failure

|

Active cooling circuit failure

A=2.4*10710

Degradation of the liquid hydrogen feeding

A=1.2*1010

Inadequate outflow

A=2.1*1023

A=3*10-10

A=7*106

A=1*10-8

Mechanical failure

A =1*106

Pipes leakages

Pressure sensor failure

Tank leakages

Pump failure

A=1.2*1010

Pump failure 1

A=1.1*10"°

-

A=1*106

Pressure sensor failure

A=7*106

Pipes leakages

A=3*1010

@cal system failure

A=3*106

Mechanical failure

Pump failure 2

A=1.1*10"°

-

Walls degradation

A=3+10-11

Pressure sensor failure

A=7*10°

Pipes leakages

Pipes leakages

Degradation of the gaseous hydrogen feeding

A=1.2%10"°

n

Amount of boil-off insufficient

Regenerator failure

A=7.6*1036

A=7.2*103°

A=1.9*10°6

Aeration not present

Pipes leakages

A=3*10-10

Pressure sensor
failure

A=7*106

A=3¥10-10

A=3+10-10

@cal system failure

A=3*106

Materials degradation

A=2*108

Heat exchanger failure

A=5.7*10%

n

Tank leakages

Pressure sensor failure

A=1*108

Walls degradation

Pressure
sensor failure

Pipes leakages

Materials degradation

Thermal control failure

A=1.1*101!

Temperature sensor failure

A=4.5*106

Sensors errors

A=2.5*106

Electrical system failure

A=3*106

A=7.4*107

Hardware errors

Compressor failure

A=1.2*1010

Compressor failure 1

A=7%106

A=1.1*10"°

Temperature sensor failure

A=1.9%10"

Pipes leakages

A=3+10-10

Mechanical failure

A =1*106
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Compressor failure 2

A=1.1*10"°

Electrical system failure

A=3*10-6

Pressure sensor failure

A=7*10

Mechanical failure

A =1*106

»

Electrical system failure

A=3*10

Pressure sensor failure

A=7%10¢

A=3¥10-10

Software errors

A=7.1*10"7

Regenerator failure

Heat exchanger failure

Pipes leakages

A\=7.2*10-3°
A=5.7*106 Walls degradation
A=3*10-10
A=3*10-11
Pressure
sensor failure
Materials degradation
A=7*106

A=2+108




FTA (devices): Loss of the capability to cool the primary structure

/ Loss of the capability to cool primary structure /
' |
Passive cooling failure Active cooling failure
| [ | |
Inefficient radiator i ' Walls degradation Shape degradation )
|
Insufficient cabin air inflow Feeding cabin cooling degradation Temperature sensor failure
- . Sensors errors
Insufficient cabin air
outflow
|
nsufficient Cof ai Degradation of the gaseous hydrogen feeding -
nsutficient amount ot air Electrical system failure
Amount of boil-off insufficient Regenerator failure Software errors
Hardware errors
l =
Compressor failure - .
Regenerator failure Walls degradation

Amount Of bOil'Off inSUfﬁCient Compressor fa”ure 1 CompreSSOI’ failure 2 P|peS |eakageS Ta.nk |eakageS Pipes |eakages
» S " e
Pipes leakages _ Materials degradD
_ Pipes leakages _ _ Aeration not present
Pipes leakages Tank leakages Materials degradation
Electrical system failure Temperature sensorfailD»
Aeration not present _
Pipes leakages Pressure sensor failure

Pressure sensor
failure

Electrical system failure

Pressure sensor failure

Heat exchanger
failure

Temperature sensor
failure

Heat exchanger failure

Mechanical failure Mechanical failure

FTA (devices): Loss of the capability to cool the primary structure (Bottom-up approach)

Loss of the capability to cool primary structure /
A=3.3¥1010
| |
Passive cooling failure Active cooling failure
A=1.01*10-30 A=3.3*1010
| | I |
Inefficient radiaD @erial degradaD Walls degradation Shape degradation Thermal control failure
A=5.6*10"7 A=2%10-8 A=3*1011 A=3*10 A=1.1*101
Insufficient cabin air inflow Feeding cabin cooling degradation Temperature sensor failure
- Sensors errors
= A=2.2*1010 A\=7.6*10-36 A=4.5*10"
Insuff|0|§nt A=2 5+106
cabin air
outflow |
A=1*10-10 : .
o _ Degradation of the gaseous hydrogen feeding
Insufficient amount of air 101 Electrical system failure Software errors
A=1*10-10 : Amount of boil-off insufficient Regenerator failure
A=3*106 Hardware errors A=7.1*107
A\=7.6*10-36 A\=7.2%10-3° :
A\=7.4%107
[
Compressor failure : _
Regenerator failure Walls degradation
A=1.2*1010
A=7.2*10-39 A=3*10-11
l | Pipes leakages Tank leakages
Amount of boil-off insufficient Compressor failure 1 Compressor failure 2 b 9 9 Pipes leakages
)\:7_6*10—36 ‘ )\:1.1*10_5 )\:1.1*10-5 4<Vva"8 degradatD )\:3*10-10 )\:1*10'8 )\_3*10_10
‘ ‘ A=3*1011 _
Pipes leakages _ Pressure sensor _ Pressure sensor failure Materials degradD
, Pipes leakages failure . . Aeration not present
Pipes leakages Tank leakages A=3%1010 Materials degradation A=7%10 A=5 7+10-6
A=3*1010 A=1.9*10¢
A=3%10110 A=1*10% A=7"10° A=2+10° .
Electrical system failure Temperature sensor failure Pressure sensor failure
' Pressure sensor failure -
Aeration not present A=3*10-6 . _ Pipes leakages Pressure sensor failure A=1.9*107 A=7*10
%16 Electrical system failure P g/
A=1.9%10° A=7*10
—2%1(-10 A=7*106
A=3°10-6 A=3*10
Pressure sensor failure
Temperature sensor Heat exchanger
failure _ _ A=7*106 Heat exchanger failure failure
Mechanical failure Mechanical failure o5 7710 A=5.7*10
A=1.9%107 A =1*106 A =1*106 .
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FTA (devices): Loss of the capability to cool the systems

/ Loss of the capability to cool systems /

Passive cooling failure Active cooling failure

»

@aee degradzD @Ils degradatD Shape degradation
@erial degradaD

| Thermal control failure

Active cooling circuit failure

Degradation of the_‘ liquid Degradation of the gaseous hydrogen feeding Temperature sensor failure
hydrogen feeding Sensors errors
Inadequate outflow Regenerator failure Electrical system failure Sof
Amount of boil-off insufficient Regenerator failure oftware errors
i Hardware errors

Pipes leakages Tank leakages
Pipes leakages Pipes leakages

Heat exchanger failure
—@ature senso@
Tank leakages
Walls degradation

Pressure sensor failure

Walls degradation Pipes leakages

Heat exchanger failure

FTA (devices): Loss of the capability to cool the systems (Bottom-up approach)

Loss of the capability to cool systems /

A=1.1*1011

Passive cooling failure Active cooling failure

A=1.1*101!

A=1.01*10-%0

@@ @erial degradaD Walls degradation Shape de@
A

A=5.6*107 =2*108 A=3*101! A=3*106

Active cooling circuit failure Thermal control failure

- 11
A=2.1*1023 A=1.1710 h

Degradation ?‘fe tehdeir:gwd hydrogen Degradation of the gaseous hydrogen feeding Temperature sensor failure
=3.6*1031 Sensors errors
A=3.6"10 A=4.5¢10
A=2.1*1023 A\=2.5*106
Inadequate outflow Regenerator failure : : — - Electrical system failure Soft
Amount of boil-off insufficient Regenerator failure oftware errors
A=2.1*1023 A=3.6*103 A=3*10-6 Hardware errors
A=7.6*10-36 h A=3.6*1031 \=7 4%107 A=7.1*107

Pressure sensor failure ‘

Walls degradation Pipes leakages

A=7*10
Pipes leakages Pipes leakages Tank leakages
Pipes leakages

—2%10-10 _ - =1*108 .
N30 A=3+101° A=110 Heat exchanger failure A=7+10°6
A=3*10-10 A=3*10"11 A=3*10-10
_ A=5.7*10
Pressure sensor failure ] Pressure sensor failure
Wallls degradation Aeration not present
A=7*106 A=7*106
A=3*10"11 A=1.9*106
. Temperature sensor failure
Tank leakages Heat exchanger failure P
A=1*108 A=5.7*106 A=1.9%107
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