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Hypersonic Transportation Vehicle

To provide long-haul hypersonic 
transportation service

To maintain Europe competitive in long-term studies
«include»

To gain good position in emerging markets
«include»

To provide an antipodal flight capability

«include»

To develop, produce, commercialize hypersonic trans
portation vehicle

«include»

To develop faster transportation system concepts

«include»

To enhance the TRL of the system

«include»

To enhance public consesus in a 
new way of travelling

«include»

To verify the reusability of new hypersonic transpo
rtation system

«include»

To diminish the flight time antipodal routes
«include»

To turn high speed transportation into a business

«include»

To test innovative layout

«include»

To promote the application of space technol
ogies in other sectors

«include»

To test innovative technologies

«include»
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FUNCTION FAILURE CONDITION PHASE CLASSIFICATION FAILURE EFFECT
To maintain thermal equilibrium loss of the capability to sustain thermal loads climb, cruise A the vehicle is exposed to unbalanced thermal loads and overheating

loss of the capability to cool engines climb, cruise A loss of propulsion system
loss of the capability to cool the vehicle primary structure climb, cruise A the airframe cannot bear extreme thermal loads

loss of the capability to cool systems climb, cruise A severe damages to on-board system

To board propellant loss of the capability to storage the required propellant taxi E the vehicle cannot fulfil the starting check 
loss of the capability to 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 climb/cruise/descent A the engines cannot be fed and lose thrust
loss of the capability to transfer fuel at a proper rate landing C the vehicle cannot approach and land properly

unable to maintain the correct relative pressure all B the vehicle cannot  provide the  sufficient motive flow
loss of the capability to supply a continuous fuel at proper temperature all B the vehicle cannot work at the desired conditions

loss of the capability to refuel the tanks taxi E the vehicle cannot operate
loss of the capability to refuel the tanks cruise B the vehicle cannot operate

loss of the capability to ensure sufficient fuel 
in the main tanks to perform an emergency landing

all B the vehicle cannot face an emergency condition

To perform HTO loss of the capability to perform take-off taxi E the vehicle cannot get in position on the runway and cannot start the running
loss of the capability to generate thrust on ground take off C the vehicle cannot perform the running properly

loss of the capability to perform taking off acceleration take off B the crew cannot make the aircraft reach the speed V1 necessary for lifting 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 cannot maintain runway centerline

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 Aerodynamic configuration of the vehicle is compromised

To perform HL loss of the capability to perform the approach for hl descent C the vehicle cannot maintain the descent rate
loss of the capability to decelerate landing B the vehicle cannot decelerate safely on final 

To support HL unable to perform braking landing C speed cannot be controlled during taxi
unable to perform steering taxi C loss of aircraft control during taxi

To perform the acceleration phases loss of the capability to perform the acceleration phases climb D the vehicle cannot meet the acceleration profile

To support the acceleration phases unable to guarantee the desired fuel mass flow rate climb C severe to moderate degradation of powerplant performance

To perform the initial subsonic cruise loss of the capability to perform the initial subsonic cruise cruise D the vehicle cannot reach the expected speed and altitude

To support the initial subsonic cruise loss of all the flight primary surfaces cruise B the vehicle cannot perform any manoeuvres 
loss of any flight primary surfaces cruise C the vehicle encounters a partial degradation of the control

To perform a cruise at 35km loss of the capability to perform a cruise at 35km cruise D the vehicle cannot get to the expected altitude

To perform a cruise at Mach 8 loss of the capability to perform a cruise at Mach 8 cruise D the vehicle cannot reach the expected hypersonic  speed

To sustain structural loads loss of the capability to bear weight and aerodynamic forces take off/climb/cruise/landing A the vehicle encounters a total loss of the primary structure

To safely accommodate passengers and attendants loss of the capability to accommodate passengers and attendants taxi D passengers and attendants cannot have their own seat and safety equipment

loss of the capability to accommodate passengers and attendants
take off/climb/cruise/

descent/landing
A

passengers and attendants cannot have their own seat and safety equipment in 
emergency operational conditions

loss of the capability to accommodate passengers and attendants
take off/climb/cruise/

descent/landing
C

passengers and attendants cannot have their own seat and safety equipment in nominal 
operational conditions

To safely accommodate the crew loss of the capability to accommodate the crew taxi E the crew cannot have its own seat and drive the vehicle

loss of the capability to accommodate the crew take off/climb/cruise/landing A
the crew cannot have its own seat and drive the vehicle

 in emergency operational conditions
the crew cannot have its own seat and drive the vehicle

FHA

loss of the capability to accommodate the crew take off/climb/cruise/landing B
the crew cannot have its own seat and drive the vehicle

 in nominal operational conditions

To guarantee communication
To transmit/receive signals loss of the capability to transmit/receive signals to/from ground station taxi E the vehicle cannot get in position on the runway

loss of the capability to communicate the authorization take off D the vehicle cannot start the take off
loss of the capability to transmit/receive signals to/from ground station climb, cruise, descent B the vehicle cannot exchange any kind of information with the ground

loss of the capability to communicate the authorization landing B the vehicle cannot land with the assistance of the ground station
loss of the capability to reach the correct gate taxi E the vehicle cannot take place and passengers cannot get off

To store data unable to memorize data all E the vehicle cannot collect information
To transmit emergency signal to be localized loss of the capability to transmit emergency signal all B the vehicle cannot be localized in case of emergency

To inform in case of system failure unable to warn in case of system failure all A the crew cannot be notified about system failure
To guarantee inner communication loss of the capability to guarantee inner communications during flight all E the crew cannot communicate with attendants and passengers

To guarantee navigation and guidance
 To acquire navigation data loss of the capability to acquire navigation data take off/landing B the system cannot calculate distances

loss of the capability to acquire navigation data climb/cruise/descent C the system cannot calculate distances
To acquire environmental data loss of the capability to acquire environmental data climb/cruise/descent C the crew cannot know data from the airspace around

 To acquire flight data loss of the capability to acquire flight data all C the system cannot calculate speed and acceleration
To store and process  data loss of the capability to determine the state vector all 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 loss of the capability to guarantee automatic guidance cruise C the crew cannot activate autopilot

loss of the capability to guarantee manual guidance all C the crew cannot control the stick properly and perform manouevres
loss of the capability to activate a radionavigation landing C the vehicle cannot be supported during landing

To inform the crew loss of the capability to guarantee guidance and navigation all C the vehicle cannot reach a desired state (specified by a target)

        To perform surveillance and identification 
To carry out identification by ground station loss of the capability to be identified on the runway taxi C the vehicle cannot be tracked

loss of the capability to be interrogated by radars take off D the ground station cannot authorize the take off
loss of the capability to be interrogated by radars climb, cruise, descent C the vehicle cannot be recognised by ground station 
loss of the capability to be interrogated by radars landing C the ground station cannot authorize the landing

To carry out identification by other airplanes loss of the capability to be interrogated by radars take off D the vehicle cannot be recognised by other aircrafts
loss of the capability to be interrogated by radars climb, cruise, descent C the vehicle cannot be recognised by other aircrafts
loss of the capability to be interrogated by radars landing D the vehicle cannot be recognised by other aircrafts

To carry out surveillance in the airspace around loss of the capability to carry out surveillance climb, cruise, descent C the vehicle cannot supervise the flight zone around

To control the system in atmospheric environment loss of the capability to control the system in atmospheric environment take off/landing A the vehicle cannot perform manoeuvres
loss of the capability to control the system in atmospheric environment climb/cruise/descent A the vehicle cannot perform manoeuvres

loss of the capability to guarantee control in case of emergency
take off/climb/cruise/

descent/landing
A the vehicle cannot perform manoeuvres

To perform unpowered descent loss of the capability to perform unpowered descent descent B the vehicle cannot switch off the engines

To support unpowered descent unable to support unpowered descent descent B the vehicle cannot extend the landing gear

To guarantee human habitability
loss of the capability to guarantee human need of 
temperature pression and oxygen concentration

all A passengers, attendants and crew cannot bear unproper environmental conditions

To supply electrical power
To supply electrical power to vital users loss of the capability to supply electrical power to vital users all A the vehicle cannot guarantee power distribution

loss of the capability to supply electrical power to vital users all A the vehicle cannot manage electric loads
loss of the capability to supply electrical power to vital users all A the vehicle cannot guarantee vital users

 loss of the capability to activate emergency devices all A the vehicle cannot face emergency situations
To supply electrical power to essential users loss of the capability to supply electrical power to actuators all A the vehicle cannot perform manouevres

loss of the capability to supply electrical power to on board computers all B the vehicle cannot be controlled and properly drive
loss of the capability to supply electrical power to essential users take off/landing B the vehicle cannot retract/extract the landing gear

To supply electrical power to non-essential users loss of the capability to supply electrical power to non-essential users all E the vehicle cannot offer passenger accomodations 



Loss of the capability to sustain thermal loads 

Loss of passive cooling capabilities Loss of active cooling capabilities 

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 the capability to guarantee 

correct software operations 

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 make the gaseous hydrogen 

feeding circuit work 

Loss of the capability to 

guarantee adequate 

outflow 

Loss of the capability to guarantee the pumping  Loss of regeneration capability  Loss of the capability to guarantee 

sufficient boil-off amount 

Loss of regeneration capability 

Loss of the capability to 

maintain pressurization  

Loss of conductive heat  

exchange capabilities 

Loss of  proper connections  

Loss of proper connections 

Loss of proper level 

of aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of proper connections 

Loss of the capability to 

maintain pressurization  
Loss of proper 

connections 

Loss of the capability to 

storage hydrogen  

Loss of the 

capability to 

supply power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

maintain pressurization  

Loss of proper 

connections 

Loss of heat 

exchange capabilities 

Loss of the capability to compress gaseous hydrogen 

Loss of the capability to 

supply electrical power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of 

structural 

capabilities 

Loss of the 

compatibility 

between 

surfaces 

Loss of the 

capability to 

proper reject 

heat loads 

Loss of the capability to 

mechanically operate Loss of the capability to guarantee 

contact between surfaces 

Loss of  the capability to guarantee 

proper contact between surfaces 

Loss of the capability to 

maintain proper temperature 

Loss of the capability to guarantee 

correct hardware operations 

Loss of the capability to 

insulate through 

convection walls 

Loss of proper 

level of aeration 

Loss of the capability 

to sustain extreme 

thermal loads 

Loss of 

structural 

shape  

Loss of the capability to 

insulate through proper  

insulation systems 

Loss of insulation capabilities 

Loss of compatibility between surfaces Loss of the capability to proper 

reject heat loads 
Loss of heat transfer capability 

Loss of structural capabilities 

Loss of the 

capability to 

sustain 

extreme 

thermal loads 

Loss of channel 1 Loss of channel 2 

Loss of proper 

connections 

Loss of the capability to supply power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of channel 1  Loss of channel 2  

Loss of the capability to 

supply electrical power 

Loss of the 

capability to 

maintain 

pressurization  

Loss of the capability to 

mechanically operate 

Loss of the 

capability to 

maintain proper 

temperature 

Loss of the capability to sustain thermal loads 

Loss of passive cooling capabilities Loss of active cooling capabilities 

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 the capability to guarantee 

correct software operations 

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 make the gaseous hydrogen 

feeding circuit work 

Loss of the capability to 

guarantee adequate 

outflow 

Loss of the capability to guarantee the pumping  Loss of regeneration capability  Loss of the capability to guarantee 

sufficient boil-off amount 

Loss of regeneration capability 

Loss of the capability to 

maintain pressurization  

Loss of conductive heat  

exchange capabilities 

Loss of  proper connections  

Loss of proper connections 

Loss of proper level 

of aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of proper connections 

Loss of the capability to 

maintain pressurization  

Loss of proper 

connections 

Loss of the capability to 

storage hydrogen  

Loss of the 

capability to 

supply power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

maintain pressurization  

Loss of proper 

connections 

Loss of heat 

exchange capabilities 

Loss of the capability to compress gaseous hydrogen 

Loss of the capability to 

supply electrical power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of 

structural 

capabilities 

Loss of the 

compatibility 

between 

surfaces 

Loss of the 

capability to 

proper reject 

heat loads 

Loss of the capability to 

mechanically operate 

Loss of the capability to guarantee 

contact between surfaces 

Loss of  the capability to guarantee 

proper contact between surfaces 

Loss of proper connections 

Loss of the capability to guarantee 

correct hardware operations 

Loss of the capability to 

insulate through 

convection walls 

Loss of proper 

level of aeration 

Loss of the capability 

to sustain extreme 

thermal loads 

Loss of 

structural 

shape  

Loss of the capability to 

insulate through proper  

insulation systems 

Loss of insulation capabilities 

Loss of compatibility between surfaces Loss of the capability to proper 

reject heat loads 

Loss of heat transfer capability Loss of structural capabilities 

Loss of the 

capability to 

sustain 

extreme 

thermal loads 

Loss of channel 1 Loss of channel 2 

Loss of proper 

connections 

Loss of the capability to supply power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of channel 1  Loss of channel 2  

Loss of the capability to 

supply electrical power 

Loss of the 

capability to 

maintain 

pressurization  

Loss of the capability to 

mechanically operate 

Loss of 

proper 

connections 

λ=1*10-9 

λ=2*10-10 

λ=3.8*10-3 λ=3.8*10-3 λ=3.8*10-3 

λ=3.8*10-3 

λ=2*10-10 

λ=1.4*10-5 λ=1.4*10-5 

λ=2.4*10-2 

λ=2.4*10-2 

λ=2.4*10-2 

λ=6.1*10-2 

λ=6.1*10-2 

λ=6.1*10-2 

λ=6.1*10-2 

λ=1.2*10-10 

λ=2.5*10-5 

λ=1.3*10-5 

λ=6*10-6 λ=6*10-6 

λ=4.9*10-6 

λ=8.9*10-4 

λ=3.6*10-3 

λ=3.6*10-3 

λ=7.1*10-3 

λ=3*10-3 

λ=1.5*10-3 

λ=3*10-3 

λ=1.5*10-3 

λ=3*10-3 

λ=3*10-3 

λ=3*10-3 

λ=3*10-3 

Loss of the capability to 

maintain proper temperature 

λ=8*10-11 

λ=1.9*10-2 

λ=3.8*10-3 

λ=9.4*10-3 

λ=6.3*10-3 

λ=1.9*10-2 

λ=8*10-11 

λ=3.6*10-3 

λ=3.6*10-3 

λ=7.1*10-3 

λ=8.9*10-4 

λ=8*10-11 

λ=3*10-3 

λ=1.5*10-3 

λ=3*10-3 λ=3*10-3 

λ=3*10-3 

λ=3*10-3 

λ=3*10-3 

λ=1.5*10-3 

λ=6.2*10-4 

λ=6.2*10-4 

λ=2.1*10-4 

λ=8*10-11 

λ=2.4*10-10 

λ=2.4*10-10 

λ=4.8*10-10 

λ=6*10-10 

λ=8*10-11 

λ=8*10-11 

λ=8.9*10-6 λ=8.9*10-6 

λ=8.9*10-6 λ=8.9*10-6 
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FTA: Loss of  the capability to sustain thermal loads (Top-down approach) 



Loss of the capability to cool engines 

Loss of passive cooling 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 control the cooling circuit operations 

Loss of the capability to make the gaseous 

hydrogen feeding circuit work 

Loss of the capability to guarantee adequate outflow 

Loss of the capability to measure temperature 

Other measurements 

missing 

Loss of the capability to guarantee 

the pumping  

Loss of regeneration capability  
Loss of the capability to guarantee sufficient boil-off amount 

Loss of regeneration capability 

Loss of the capability to 

maintain pressurization  

Loss of conductive heat 

exchange capabilities 

Loss of  proper 

connections  

Loss of proper 

connections 

Loss of proper level 

of aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of proper connections 

Loss of the capability to 

supply power Loss of the capability to 

guarantee correct 

software operations 

Loss of the capability to 

maintain pressurization  Loss of proper 

connections 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

supply power 

Loss of the capability to 

maintain pressurization  

Loss of  the capability to 

guarantee proper contact 

between surfaces 

Loss of proper 

connections 

Loss of conductive heat 

exchange capabilities 
Loss of the capability to guarantee 

contact between surfaces 

Loss of compatibility 

between surfaces 

Loss of the capability to 

proper reject heat loads Loss of heat transfer capability 
Loss of structural 

capabilities 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

maintain proper temperature 

Loss of the capability to 

mechanically operate 

Loss of the 

capability to 

guarantee correct 

harware operations 

Loss of the capability to sustain 

extreme thermal loads 

Loss of the capability to sustain 

extreme thermal loads 
Loss of channel 1 Loss of channel 2 

Loss of proper 

connections 

Loss of the capability to 

supply power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of channel 1 

Loss of the capability to 

supply power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of proper 

connections 

Loss of the capability to 

compress gaseous hydrogen 

Loss of channel 2 

Loss of the capability to 

supply power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of proper 

connections 

Loss of the capability to cool engines 

Loss of passive cooling 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 control the cooling circuit operations 

Loss of the capability to make the gaseous 

hydrogen feeding circuit work 

Loss of the capability to guarantee adequate outflow 

Loss of the capability to measure temperature 

Other measurements 

missing 

Loss of the capability to guarantee 

the pumping  

Loss of regeneration capability  
Loss of the capability to guarantee sufficient boil-off amount 

Loss of regeneration capability 

Loss of the capability to 

maintain pressurization  

Loss of conductive heat 

exchange capabilities 

Loss of  proper 

connections  

Loss of proper 

connections 

Loss of proper level 

of aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of proper connections 

Loss of the capability to 

supply power 
Loss of the capability to 

guarantee correct 

software operations 

Loss of the capability to 

maintain pressurization  

Loss of proper 

connections 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

supply power 

Loss of the capability to 

maintain pressurization  

Loss of  the capability to 

guarantee proper contact 

between surfaces 

Loss of proper 

connections 

Loss of conductive heat 

exchange capabilities 

Loss of the capability to guarantee 

contact between surfaces 

Loss of compatibility 

between surfaces 

Loss of the capability to 

proper reject heat loads Loss of heat transfer capability 
Loss of structural 

capabilities 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

maintain proper temperature 

Loss of the capability to 

mechanically operate 

Loss of the 

capability to 

guarantee correct 

harware operations 

Loss of the capability to sustain 

extreme thermal loads 

Loss of the capability to sustain 

extreme thermal loads 

Loss of channel 1 Loss of channel 2 

Loss of proper 

connections 

Loss of the capability to 

supply power 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of channel 1 

Loss of the capability to 

supply power 

Loss of the capability to 

maintain pressurization  Loss of the capability to 

mechanically operate 

Loss of proper 

connections 

Loss of the capability to 

compress gaseous hydrogen 

Loss of channel 2 

Loss of the capability to 

supply power Loss of the 

capability to 

maintain 

pressurization  

Loss of the capability to 

mechanically operate 

Loss of proper 

connections 

λ=1*10-9 

λ=8*10-10 λ=2*10-10 

λ=3.8*10-3 
λ=3.8*10-3 

λ=3.8*10-3 λ=3.8*10-3 

λ=6.4*10-10 

λ=3.2*10-10 

λ=1.1*10-10 

λ=1.1*10-10 

λ=1.1*10-10 

λ=6.8*10-4 

λ=6.8*10-4 

λ=2.3*10-4 

λ=3.9*10-3 

λ=3.9*10-3 

λ=3.9*10-3 

λ=1.9*10-3 

λ=3.9*10-3 

λ=3.9*10-3 

λ=3.9*10-3 

λ=1.9*10-3 

λ=1.1*10-2 

λ=2.2*10-2 

λ=1.1*10-2 

λ=1.1*10-2 

λ=2.9*10-3 

λ=1.6*10-10 

λ=2.8*10-5 

λ=1.4*10-5 

λ=7*10-6 

λ=7*10-6 

λ=5.7*10-6 

λ=3.2*10-10 

λ=1.1*10-10 

λ=4*10-3 

λ=2*10-2 

λ=6.7*10-3 

λ=2*10-2 

λ =1*10-2 

λ=2.2*10-2 

λ=1.1*10-2 

λ=1.1*10-2 

λ=2.9*10-3 

λ=1.1*10-2 

λ=3.9*10-3 

λ=3.9*10-3 

λ=3.9*10-3 

λ=1.9*10-3 

λ=3.9*10-3 

λ=1.9*10-3 

λ=3.9*10-3 

λ=3.9*10-3 

λ=1.1*10-10 
λ=1.1*10-10 

λ=1.1*10-5 λ=1.1*10-5 λ=1.1*10-5 λ=1.1*10-5 
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FTA: Loss of  the capability to cool the engines 

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



Loss of the capability to cool primary structure 

Loss of passive cooling capabilities 

Loss of active cooling capabilities 

Loss of the 

capability to 

maintain 

proper cabin 

air outflow 

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 the capability 

to guarantee correct 

software operations 

Loss of the capability to maintain proper cabin air inflow 

Loss of the capability to feed the  cabin 

cooling  system 

Loss of the capability to guarantee 

the proper amount of air 

Loss of the capability to make the gaseous 

hydrogen feeding circuit work 

Loss of the capability to guarantee 

contact between surfaces 

Loss of the capability to guarantee 

sufficient boil-off amount 

Loss of proper connections Loss of proper level of 

aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of regeneration capability 

Loss of conductive heat 

exchange capabilities 

Loss of proper 

connections 

Loss of the capability to sustain 

extreme thermal loads 

Loss of the capability to 

maintain pressurization  

Loss of the capability to guarantee 

sufficient boil-off amount 

Loss of proper connections 

Loss of proper level 

of aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of regeneration capability 

Loss of heat exchange 

capabilities 

Loss of proper connections 

Loss of the capability to sustain 

extreme thermal loads 

Loss of the capability to 

maintain pressurization  

Loss of the compatibility 

between surfaces 

Loss of the capability to proper reject heat loads  Loss of heat transfer capability 

Loss of the capability to 

maintain proper temperature 

Loss of the capability to 

compress gaseous hydrogen 

Loss of the capability to 

supply power 
Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of proper 

connections 

Loss of the capability 

to maintain proper 

temperature 

Loss of the capability to guarantee contact 

between surfaces 

Loss of the capability to 

guarantee correct harware 

operations 

Loss of structural 

capabilities 

Loss of channel 1 Loss of channel  2 

Loss of the capability to 

supply power 

Loss of the capability 

to maintain 

pressurization  Loss of the capability to 

mechanically operate 

Loss of proper 

connections 

Loss of the capability to cool primary structure 

Loss of passive cooling capability 

Loss of active cooling capabilities 

Loss of the capability to 

maintain proper cabin air 

outflow 
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 the capability 

to guarantee correct 

software operations 

Loss of the capability to maintain proper cabin air inflow 

Loss of the capability to feed the  cabin 

cooling  system 

Loss of the capability to guarantee 

the proper amount of air 

Loss of the capability to make the gaseous 

hydrogen feeding circuit work 

Loss of the capability to guarantee 

contact between surfaces 

Loss of the capability to guarantee 

sufficient boil-off amount 

Loss of proper connections Loss of proper level of 

aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of regeneration capability 

Loss of conductive heat 

exchange capabilities 

Loss of proper 

connections 

Loss of the capability to sustain 

extreme thermal loads 

Loss of the capability to 

maintain pressurization  

Loss of the capability to guarantee 

sufficient boil-off amount 

Loss of proper connections 

Loss of proper level 

of aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of regeneration capability 

Loss of heat exchange 

capabilities 

Loss of proper connections 

Loss of the capability to sustain 

extreme thermal loads 

Loss of the capability to 

maintain pressurization  

Loss of the compatibility between surfaces Loss of the capability to proper reject heat loads  Loss of heat transfer capability 

Loss of the capability to 

maintain proper temperature 

Loss of the capability to 

compress gaseous hydrogen 

Loss of the capability to 

supply power 
Loss of the capability to 

maintain pressurization  

Loss of the capability to 

mechanically operate 

Loss of proper 

connections 

Loss of the capability 

to maintain proper 

temperature 

Loss of the capability to guarantee contact 

between surfaces 

Loss of the capability to 

guarantee correct harware 

operations 

Loss of structural 

capabilities 

Channel 1 Channel 2 

Loss of the capability to 

supply power 

Loss of the capability 

to maintain 

pressurization  Loss of the capability to 

mechanically operate 

Loss of proper 

connections 

λ=5*10-11 

λ=5*10-11 

λ=2*10-10 

λ=5*10-11 

λ=1.7*10-2 

λ=3.4*10-3 

λ=8.6*10-3 

λ=5.7*10-3 

λ=1.7*10-2 

λ=2.7*10-3 

λ=1.3*10-3 

λ=2.7*10-3 

λ=2.7*10-3 

λ=1.3*10-3 

λ=2.7*10-3 

λ=2.7*10-3 

λ=2.7*10-3 

λ=5*10-11 

λ=1*10-2  

λ=1*10-2 

λ=2*10-2 

λ =2.5*10-3 

λ=1*10-2 

λ=2*10-10 

λ=1.9*10-2 

λ=1.9*10-2 

λ=9.9*10-3 

λ=3.9*10-3 

λ=6.6*10-3 

λ=5.5*10-6 

λ=2.7*10-5 

λ=1.5*10-5 

λ=6*10-6 

λ=6*10-6 

λ=1.1*10-2 

λ=1.1*10-2 

λ=1.1*10-2 

λ=2.2*10-2 

λ=2.9*10-3 

λ=4*10-10 

λ=4.5*10-3 λ=4.5*10-3 

λ=4.5*10-3 

λ=4.5*10-3 

λ=1*10-9 

λ=6*10-10 

λ=1.5*10-10 

λ=1.5*10-10 

λ=5*10-11 

λ=1*10-10 
λ=1*10-10 

λ=2.5*10-11 λ=2.5*10-11 
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FTA: Loss of  the capability to cool the primary structure 

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



Loss of the capability to cool systems 

Loss of passive cooling 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 control the cooling circuit operations 

Loss of the capability to make the gaseous hydrogen 

feeding circuit work 

Loss of the capability to 

guarantee adequate outflow 

Loss of the capability to measure temperature 

Other measurements 

missing 

Loss of regeneration capability  Loss of the capability to guarantee 

sufficient boil-off amount 

Loss of regeneration capability 

Loss of the capability 

to maintain 

pressurization  
Loss of 

conductive heat 

exchange 

capabilities 

Loss of  proper 

connections  

Loss of proper connections 

Loss of proper level 

of aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of proper connections 

Loss of the capability to 

supply electrical power Loss of the capability 

to guarantee correct 

software operations 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of proper 

connections 

Loss of conductive heat 

exchange capabilities 

Loss of the compatibility 

between surfaces 

Loss of the capability to 

proper reject heat loads 

Loss of the capability to guarantee proper 

contact between surfaces 

Loss of the capability to guarantee 

contact between surfaces 

Loss of heat transfer capability Loss of structural 

capabilities 

Loss of the capability to 

maintain proper temperature 

Loss of the capability 

to guarantee correct 

harware operations 

Loss of the capability to cool systems 

Loss of passive cooling 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 control the cooling circuit operations 

Loss of the capability to make the gaseous hydrogen 

feeding circuit work 

Loss of the capability to 

guarantee adequate outflow 

Loss of the capability to measure temperature 

Other measurements 

missing 

Loss of regeneration capability  Loss of the capability to guarantee 

sufficient boil-off amount 
Loss of regeneration capability 

Loss of the capability 

to maintain 

pressurization  
Loss of 

conductive heat 

exchange 

capabilities 

Loss of  proper 

connections  

Loss of proper connections 

Loss of proper level 

of aeration 

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of proper connections 

Loss of the capability to 

supply electrical power Loss of the capability 

to guarantee correct 

software operations 

Loss of the capability to 

maintain pressurization  

Loss of the capability to 

storage hydrogen  

Loss of the capability to 

maintain pressurization  

Loss of proper 

connections 
Loss of conductive heat 

exchange capabilities 

Loss of the compatibility 

between surfaces 

Loss of the capability to 

proper reject heat loads 

Loss of the capability to guarantee proper 

contact between surfaces 

Loss of the capability to guarantee 

contact between surfaces 

Loss of heat transfer capability 
Loss of structural 

capabilities 

Loss of the capability to 

maintain proper temperature 

Loss of the capability 

to guarantee correct 

harware operations 

λ=1*10-9 

λ=4*10-10 

λ=6*10-10 

λ=4.5*10-3 
λ=4.5*10-3 

λ=4.5*10-3 λ=4.5*10-3 

λ=1.2*10-10 

λ=2.5*10-5 

λ=4.9*10-6 

λ=1.3*10-5 

λ=6*10-6 λ=6*10-6 

λ=4.8*10-10 

λ=1.2*10-10 λ=3.6*10-10 

λ=6*10-11 

λ=6*10-11 

λ=5.7*10-4 

λ=5.7*10-4 

λ=1.9*10-4 

λ=3.3*10-3 

λ=3.3*10-3 

λ=6.6*10-3 

λ=8.3*10-4 

λ=1.8*10-10 
λ=1.8*10-10 

λ=1.1*10-3 

λ=4.4*10-3 

λ=4.4*10-3 λ=8.8*10-3 

λ=2.2*10-2 

λ=2.2*10-2 

λ=7.4*10-3 

λ=4.4*10-3 

λ=1.1*10-2 
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FTA: Loss of  the capability to cool the systems 

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



bdd [Project] Lapcat_Tems [Functional_Tree]

To_perform_antipodal_hypersonic_flight_service

Allocated To

Hypersonic_Flight_System

To_support_the_flight_service_and_operations

Allocated To

Ground_Control_System

To_transport_passengers

Allocated To

Flight_Segment

To_safely_accommodate_passengers_and_attendants

Allocated To

Cabin

To_accommodate_the_crew
«Block»

Allocated To

Cockpit

To_board_propellant

Allocated To

Tank_System

To_control_system_in_atmospheric_environment
«Block»

Allocated To

Flight_Control_System

To_guarantee_communication

Allocated To

Avionic_System

To_guarantee_navigation_and_guidance

Allocated To

Avionic_System

To_guarantee_surveillance_and_identification

Al loc ated To

Avionic_System

To_guarantee_human_habitability

Allocated To

Environmental_Control_System

To_perform_an_hypersonic_cruise_at_35km

Allocated To

Air_Breathing_Propulsion_System

To_perform_an_hypersonic_cruise_at_Mach_8

Allocated To

Air_Breathing_Propulsion_System

To_perform_horizontal_landing

Allocated To

Air_Breathing_Propulsion_System

To_support_horizontal_landing

Allocated To

Landing_Gear_System

To_perform_horizontal_take_off

Allocated To

Air_Breathing_Propulsion_System

To_support_horizontal_take_off

Allocated To

Landing_Gear_System

To_perform_the_acceleration_phases

Al located To

Air_Breathing_Propulsion_System

To_support_the_acceleration_phases

Allocated To

Tank_System

To_perform_the_initial_subsonic_cruise

Allocated To

Air_Breathing_Propulsion_System

To_support_the_initial_subsonic_cruise

Allocated To

Flight_Control_System

To_perform_unpowered_descent

Allocated To

Flight_Control_System

To_support_unpowered_descent

Al loc ated To

Landing_Gear_System

To_supply_electrical_power

Allocated To

Electrical_System

To_sustain_structural_loads

Al located To

Airframe

To_maintain_thermal_equilibrium

Al loc ated To

Thermal_Management_System

To_cool_engines

Allocated To

Thermal_and_Energy_Management_System

To_cool_systems

Allocated To

Thermal_and_Energy_Management_System

To_cool_the_primary_structure

Al loc ated To

Thermal_and_Energy_Management_System

To_sustain_thermal_loads

Allocated To

Thermal_and_Energy_Management_.. .

To_guarantee_systems_passive_cooling

Al located To

Passive_Cooling_System

To_guarantee_systems_active_cooling

Allocated To

Active_Cooling_System

To_properly_transfer_heat_in_systems_passive_cooling

Al located To

Heater

To_maintain_structural_shape_of_systems_passive_cooling

Allocated To

Heater

To_maintain_compatibility_between_surfaces_of_systems_passive_cooling

Alloc ated To

Heat_Exchanger

To_properly_reject_heat_loads_in_systems_cooling

Al loc ated To

Heat_Exchanger

To_control_the_cooling_operation_in_systems_circuit

Allocated To

Thermal_Control_System

To_guarantee_systems_active_cooling_operation

Allocated To

Active_Cooling_Circuit

To_monitor_the_thermal_operation_in_systems

Allocated To

TCS_Sensors

To_supply_electrical_power_to_on_board_thermal_control_subsystem_of_systems

Al loc ated To

Turbine

To_guarantee_the_correct_systems_sensors_hardware_operation

Allocated To

Temperature_Sensor

To_guarantee_the_correct_systems_sensors_software_operation

Al located To

Temperature_Sensor

To_provide_systems_gaseous_hydrogen_cooling_operation

Allocated To

Active_Cooling_Gaseous_Circuit

To_guarantee_adequate_systems_outflow_of_liquid_fuel

Allocated To

Liquid_Circuit

To_perform_systems_liquid_regeneration_cooling

Allocated To

Liquid_Regenerator

To_maintain_proper_boil_off_amount_in_systems_cooling_circuit

Allocated To

Boil_off_Circuit

To_guarantee_functioning_piping_in_the_systems_liquid_circuit

Allocated To

Piping_Liquid_Circuit

To_properly_storage_liquid_hydrogen_in_systems_cooling_circuit

Allocated To

Tank_Liquid_Circuit

To_maintain_pressurization_inside_the_systems_liquid_regeneration_system

Allocated To

Pressure_Sensor_Liquid_Regenerator

To_maintain_proper_contact_between_systems_liquid_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Liquid

To_guarantee_conductive_heat_exchange_capabilities_inside_the_systems_liquid_regeneration_system

Al loc ated To

Liquid_Regenerator

To_maintain_proper_contact_between_systems_gaseous_regenerator_surfaces

Al located To

Heat_Exchanger_Reg_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_systems_gaseous_regeneration_system

Al loc ated To

Gaseous_Regenerator

To_properly_storage_gaseous_hydrogen_in_systems_cooling_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_pressurization_inside_the_systems_gaseous_cooling_circuit

Al located To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_systems_gaseous_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_systems_gaseous_circuit

Alloc ated To

Temperature_Sensor_Gaseous_Circuit

To_guarantee_engines_active_cooling

Al loc ated To

Active_Cooling_System

To_guarantee_engines_passive_cooling

Allocated To

Passive_Cooling_System

To_properly_transfer_heat_in_engines_passive_cooling

Allocated To

Heater

To_maintain_structural_shape_of_engines_passive_cooling

Al loc ated To

Heater

To_properly_reject_heat_loads_in_engines_cooling

Alloc ated To

Heat_Exchanger

To_maintain_compatibility_between_surfaces_of_engines_passive_cooling

Allocated To

Heat_Exchanger

To_control_the_cooling_operation_in_engines_cooling_circuit

Allocated To

Thermal_Control_System

To_assure_engines_temperature_measure

Allocated To

Temperature_Sensor

To_monitor_the_thermal_operation_in_engines

Allocated To

TCS_Sensors

To_supply_electrical_power_to_on_board_thermal_control_subsystem_of_engines

Allocated To

Turbine

To_guarantee_the_correct_engines_sensors_hardware_operation

Allocated To

Temperature_Sensor

To_guarantee_the_correct_engines_sensors_software_operation

Al loc ated To

Temperature_Sensor

To_maintain_pressurization_inside_the_systems_liquid_cooling_circuit

Allocated To

Pressure_Sensor_Liquid_Circuit

To_guarantee_engines_active_cooling_operation

Allocated To

Active_Cooling_Circuit

To_provide_engines_liquid_hydrogen_cooling_operation

Allocated To

Active_Cooling_Liquid_Circuit

To_provide_engines_gaseous_hydrogen_cooling_operation

Allocated To

Active_Cooling_Gaseous_Circuit

To_guarantee_adequate_engines_outflow_of_liquid_fuel

Allocated To

Liquid_Circuit

To_perform_engines_liquid_regeneration_cooling

Allocated To

Liquid_Regenerator

To_guarantee_engines_pumping_operation

Allocated To

Pump

To_guarantee_functioning_piping_in_the_engines_liquid_circuit

Allocated To

Piping_Liquid_Circuit

To_maintain_pressurization_inside_the_engines_liquid_cooling_circuit

Al located To

Pressure_Sensor_Liquid_Circuit

To_properly_storage_liquid_hydrogen_in_engines_cooling_circuit

Al located To

Tank_Liquid_Circuit

To_maintain_pressurization_inside_the_engines_liquid_regeneration_cooling_circuit

Al loc ated To

Pressure_Sensor_Liquid_Regenerator

To_guarantee_functioning_piping_in_the_engines_regeneration_liquid_circuit

Al located To

Piping_Regenerator_Liquid

To_maintain_proper_contact_between_engines_liquid_regenerator_surfaces

Al located To

Heat_Exchanger_Reg_Liquid

To_guarantee_conductive_heat_exchange_capabilities_inside_the_engines_liquid_regeneration_system

Allocated To

Liquid_Regenerator

To_maintain_proper_boil_off_amount_in_engines_cooling_circuit

Al located To

Boil_off_Circuit

To_guarantee_functioning_piping_in_the_engines_regeneration_gaseous_circuit

Al loc ated To

Piping_Gaseous_Circuit

To_properly_storage_gaseous_hydrogen_in_engines_cooling_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_pressurization_inside_the_engines_gaseous_circuit

Al located To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_engines_gaseous_circuit

Al loc ated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_engines_gaseous_circuit

Allocated To

Temperature_Sensor_Gaseous_Circuit

To_bear_engines_extreme_thermal_loads_in_liquid_cooling_regeneration_system

Allocated To

Heat_Exchanger_Reg_Liquid

To_guarantee_engines_gaseous_hydrogen_compression_operation

Allocated To

Compressor

To_supply_electrical_power_to_engines_gaseous_hydrogen_compression_system

Allocated To

Turbine

To_maintain_pressurization_inside_the_engines_compression_system

Allocated To

Pressure_Sensor_Compressor

To_guarantee_functioning_piping_in_the_engines_compression_system

Al loc ated To

Piping_Compressor

To_assure_engines_gaseous_hydrogen_compression_operation

Al located To

Compressor

To_supply_electrical_power_to_engines_liquid_hydrogen_pumping_system

Al located To

Turbine

To_maintain_pressurization_inside_the_engines_pumping_system

Allocated To

Pressure_Sensor_Pump

To_guarantee_functioning_piping_in_the_engines_pumping_system

Allocated To

Piping_Pump

To_assure_engines_mechanical_pumping_operation

Allocated To

Pump

To_guarantee_passive_cooling

Al located To

Passive_Cooling_System

To_properly_transfer_heat_in_passive_cooling

Allocated To

Heater

To_maintain_structural_shape_of_passive_cooling

Al loc ated To

Heater

To_maintain_compatibility_between_surfaces_of_passive_cooling

Allocated To

Heat_Exchanger

To_properly_reject_heat_loads_through_passive_cooling_system

Al located To

Heat_Exchanger

To_guarantee_insulation_and_thermal_shielding

Allocated To

Thermal_Protection_Shielding_System

To_guarantee_insulation_through_convection_system

Al located To

Convection_Walls

To_properly_shield_the_external_structure

Alloc ated To

External_Shield

To_maintain_proper_ventilation_inside_the_convection_walls

Al located To

Wall_Cavity

To_bear_extreme_thermal_loads_from_the_internal_structure

Allocated To

Heater

To_maintain_structural_shape_of_the_convection_walls

Allocated To

Wall_Panel

To_maintain_compatibility_between_surfaces_of_the_shield

Allocated To

RCC_Panel

To_properly_reject_heat_loads

Al located To

External_Heater

To_bear_extreme_thermal_loads_from_the_external_environment

Allocated To

RCC_Panel

To_maintain_structural_shape_of_the_shield

Allocated To

RCC_Panel

To_guarantee_active_cooling

Allocated To

Active_Cooling_System

To_guarantee_active_cooling_operation

Allocated To

Active_Cooling_Circuit

To_provides_gaseous_hydrogen_cooling_operation

Allocated To

Active_Cooling_Gaseous_Circuit

To_provide_liquid_hydrogen_cooling_operation

Al loc ated To

Active_Cooling_Liquid_Circuit

To_guarantee_adequate_outflow_of_liquid_fuel

Allocated To

Liquid_Circuit

To_guarantee_liquid_hydrogen_pumping_operation

Allocated To

Pump

To_guarantee_functioning_piping_in_the_liquid_circuit

Alloc ated To

Piping_Liquid_Circuit

To_maintain_pressurization_inside_liquid_cooling_circuit

Al located To

Pressure_Sensor_Liquid_Circuit

To_properly_storage_liquid_hydrogen_in_cooling_circuit

Al loc ated To

Tank_Liquid_Circuit

To_supply_electrical_power_to_liquid_hydrogen_pumping_system

Al located To

Turbine

To_maintain_pressurization_inside_the_pumping_system

Al loc ated To

Pressure_Sensor_Pump

To_guarantee_functioning_piping_in_the_liquid_pumping_system

Allocated To

Piping_Pump

To_assure_mechanical_pumping_operation

Al loc ated To

Pump

To_perform_liquid_regeneration_cooling

Allocated To

Liquid_Regenerator

To_maintain_pressurization_inside_the_liquid_regeneration_cooling_circuit

Al loc ated To

Pressure_Sensor_Liquid_Regenerator

To_guarantee_functioning_piping_in_the_regeneration_liquid_circuit

Al loc ated To

Piping_Regenerator_Liquid

To_maintain_proper_contact_between_liquid_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Liquid

To_guarantee_conductive_heat_exchange_capabilities_inside_the_liquid_regeneration_system

Alloc ated To

Liquid_Regenerator

To_maintain_proper_boil_off_amount_in_cooling_circuit

Allocated To

Boil_off_Circuit To_guarantee_gaseous_hydrogen_compression_operation

Allocated To

Compressor

To_perform_gaseous_regeneration_cooling

Al located To

Gaseous_Regenerator

To_properly_storage_gaseous_hydrogen_in_cooling_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_pressurization_inside_the_gaseous_circuit

Allocated To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_gaseous_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_gaseous_circuit

Allocated To

Temperature_Sensor_Gaseous_Circuit

To_supply_electrical_power_to_gaseous_hydrogen_compression_system

Allocated To

Turbine

To_maintain_pressurization_inside_the_compression_system

Al located To

Pressure_Sensor_Compressor

To_guarantee_functioning_piping_in_the_compression_system

Allocated To

Piping_Compressor

To_assure_gaseous_hydrogen_compression_operation

Allocated To

Compressor

To_bear_engines_extreme_thermal_loads_in_gaseous_cooling_regeneration_system

Allocated To

Heat_Exchanger_Reg_Gaseous

To_maintain_pressurization_inside_the_gaseous_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_guarantee_functioning_piping_in_the_regeneration_gaseous_circuit

Al loc ated To

Piping_Regenerator_Gaseous

To_maintain_proper_contact_between_gaseous_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_gaseous_regeneration_system

Allocated To

Gaseous_Regenerator

To_control_the_cooling_operation_in_cooling_circuit

Al located To

Thermal_Control_System

To_assure_temperature_measure

Allocated To

Temperature_Sensor

To_monitor_the_thermal_operation

Allocated To

TCS_Sensors

To_supply_electrical_power_to_on_board_thermal_control_subsystem

Allocated To

Turbine

To_guarantee_the_correct_sensors_hardware_operation

Al loc ated To

Temperature_Sensor

To_guarantee_the_correct_sensors_software_operation

Al loc ated To

Temperature_Sensor

To_guarantee_primary_structure_active_cooling

Al loc ated To

Active_Cooling_System

To_guarantee_primary_structure_passive_cooling

Alloc ated To

Passive_Cooling_System

To_maintain_compatibility_between_surfaces_of_primary_structure_passive_cooling

Allocated To

Heat_Exchanger

To_maintain_structural_shape_of_primary_structure_passive_cooling_system

Allocated To

Heater

To_properly_transfer_heat_in_primary_structure_passive_cooling

Allocated To

Heater

To_properly_reject_heat_loads_through_primary_structure_passive_cooling_system

Alloc ated To

Heat_Exchanger

To_maintain_proper_cabin_air_outflow

Al located To

Outflow_Valve

To_maintain_proper_cabin_air_inflow

Al located To

Inflow_Valve

To_guarantee_proper_amount_of_air

Al located To

Cabin_Inflow_Valve

To_provide_primary_structure_gaseous_hydrogen_feeding_the_cooling_operation

Alloc ated To

Active_Cooling_Gaseous_Circuit

To_maintain_proper_boil_off_amount_in_primary_structure_cooling_circuit

Al loc ated To

Boil_off_Circuit

To_guarantee_primary_structure_gaseous_hydrogen_compression_operation

Allocated To

Compressor

To_perform_primary_structure_gaseous_regeneration_cooling

Allocated To

Gaseous_Regenerator

To_guarantee_functioning_piping_in_the_primary_structure_gaseous_circuit

Alloc ated To

Piping_Gaseous_Circuit

To_properly_storage_gaseous_hydrogen_in_primary_structure_cooling_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_pressurization_inside_the_primary_structure_gaseous_circuit

Allocated To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_primary_structure_gaseous_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_primary_structure_gaseous_circuit

Al loc ated To

Temperature_Sensor_Gaseous_Circuit

To_supply_electrical_power_to_primary_structure_gaseous_hydrogen_compression_system

Allocated To

Turbine

To_maintain_pressurization_inside_the_primary_structure_compression_system

Al loc ated To

Pressure_Sensor_Compressor

To_guarantee_functioning_piping_in_the_primary_structure_compression_system

Allocated To

Piping_Compressor

To_assure_primary_structure_gaseous_hydrogen_compression_operation

Al loc ated To

Compressor

To_maintain_pressurization_inside_the_primary_structure_gaseous_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_guarantee_functioning_piping_in_the_primary_structure_regeneration_gaseous_circuit

Allocated To

Piping_Regenerator_Gaseous

To_maintain_proper_contact_between_primary_structure_gaseous_regenerator_surfaces

Al located To

Heat_Exchanger_Reg_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_primary_structure_gaseous_regeneration_system

Al loc ated To

Gaseous_Regenerator

To_feed_the_cabin_cooling_system

Allocated To

Active_Cooling_Gaseous_Circuit

To_guarantee_proper_boil_off_amount_to_cool_down_the_cabin

Al loc ated To

Boil_off_Circuit

To_perform_primary_structure_cabin_feeding_regeneration_cooling

Al loc ated To

Gaseous_Regenerator

To_guarantee_functioning_piping_in_the_primary_structure_gaseous_cabin_feeding_circuit

Al located To

Piping_Gaseous_Circuit

To_properly_storage_gaseous_hydrogen_in_primary_structure_cabin_feeding_cooling_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_pressurization_inside_the_primary_structure_gaseous_cabin_feeding_circuit

Allocated To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_primary_structure_gaseous_cabin_feeding_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_primary_structure_gaseous_cabin_feeding_circuit

Allocated To

Temperature_Sensor_Gaseous_Circuit

To_maintain_pressurization_inside_the_primary_structure_gaseous_cabin_feeding_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_guarantee_functioning_piping_in_the_primary_structure_cabin_feeding_regeneration_gaseous_circuit

Al located To

Piping_Regenerator_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_primary_structure_gaseous_cabin_feeding_regeneration_system

Al loc ated To

Gaseous_Regenerator

To_maintain_proper_contact_between_primary_structure_gaseous_cabin_feeding_regenerator_surfaces

Al loc ated To

Heat_Exchanger_Reg_Gaseous

To_control_the_cooling_operation_in_primary_structure_circuit

Allocated To

Thermal_Control_System

To_assure_primary_structure_temperature_measure

Allocated To

Temperature_Sensor

To_monitor_the_thermal_operation_in_primary_structure

Al loc ated To

TCS_Sensors

To_supply_electrical_power_to_on_board_thermal_control_subsystem_of_primary_structure

Allocated To

Turbine

To_guarantee_the_correct_primary_structure_sensors_hardware_operation

Allocated To

Temperature_Sensor

To_guarantee_the_correct_primary_structure_sensors_software_operation

Allocated To

Temperature_Sensor

To_provide_systems_liquid_hydrogen_cooling_operation

Allocated To

Active_Cooling_Liquid_Circuit

To_guarantee_functioning_piping_in_the_systems_regeneration_gaseous_circuit

Al loc ated To

Piping_Regenerator_Gaseous

To_perform_engines_gaseous_regeneration_cooling

Allocated To

Gaseous_Regenerator

To_maintain_pressurization_inside_the_engines_gaseous_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_maintain_proper_contact_between_engines_gaseous_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_engines_gaseous_regeneration_system

Allocated To

Gaseous_Regenerator

To_guarantee_functioning_piping_in_the_engines_gaseous_circuit

Al loc ated To

Piping_Regenerator_Gaseous

To_guarantee_functioning_piping_in_the_systems_liquid_regeneration__circuit

Allocated To

Piping_Regenerator_Liquid

To_perform_systems_gaseous_regeneration_cooling

Allocated To

Gaseous_Regenerator

To_guarantee_functioning_piping_in_the_systems_gaseous_circuit

Allocated To

Piping_Gaseous_Circuit

To_maintain_pressurization_inside_the_systems_gaseous_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_guarantee_functioning_piping_in_the_gaseous_circuit

Allocated To

Piping_Gaseous_Circuit

To_assure_systems_temperature_measure

Allocated To

Temperature_Sensor
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To_cool_systems

Allocated To

Thermal_and_Energy_Management_System

To_guarantee_systems_passive_cooling

Allocated To

Passive_Cooling_System

To_guarantee_systems_active_cooling

Allocated To

Active_Cooling_System

To_properly_transfer_heat_in_systems_passive_cooling

Allocated To

Heater

To_maintain_structural_shape_of_systems_passive_cooling

Allocated To

Heater

To_maintain_compatibility_between_surfaces_of_systems_passive_cooling

Allocated To

Heat_Exchanger

To_properly_reject_heat_loads_in_systems_cooling

Allocated To

Heat_Exchanger

To_control_the_cooling_operation_in_systems_circuit

Allocated To

Thermal_Control_System

To_guarantee_systems_active_cooling_operation

Allocated To

Active_Cooling_Circuit

To_monitor_the_thermal_operation_in_systems

Allocated To

TCS_Sensors

To_supply_electrical_power_to_on_board_thermal_control_subsystem_of_systems

Allocated To

Turbine

To_guarantee_the_correct_systems_sensors_hardware_operation

Allocated To

Temperature_Sensor

To_guarantee_the_correct_systems_sensors_software_operation

Allocated To

Temperature_Sensor

To_provide_systems_gaseous_hydrogen_cooling_operation

Allocated To

Active_Cooling_Gaseous_Circuit

To_guarantee_adequate_systems_outflow_of_liquid_fuel

Allocated To

Liquid_Circuit

To_perform_systems_liquid_regeneration_cooling

Allocated To

Liquid_Regenerator

To_maintain_proper_boil_off_amount_in_systems_cooling_circuit

Allocated To

Boil_off_Circuit

To_guarantee_functioning_piping_in_the_systems_liquid_circuit

Allocated To

Piping_Liquid_Circuit

To_properly_storage_liquid_hydrogen_in_systems_cooling_circuit

Allocated To

Tank_Liquid_Circuit

To_maintain_pressurization_inside_the_systems_liquid_regeneration_system

Allocated To

Pressure_Sensor_Liquid_Regenerator

To_maintain_proper_contact_between_systems_liquid_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Liquid

To_guarantee_conductive_heat_exchange_capabilities_inside_the_systems_liquid_regeneration_system

Allocated To

Liquid_Regenerator

To_maintain_proper_contact_between_systems_gaseous_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_systems_gaseous_regeneration_system

Allocated To

Gaseous_Regenerator

To_properly_storage_gaseous_hydrogen_in_systems_cooling_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_pressurization_inside_the_systems_gaseous_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_systems_gaseous_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_systems_gaseous_circuit

Allocated To

Temperature_Sensor_Gaseous_Circuit

To_maintain_pressurization_inside_the_systems_liquid_cooling_circuit

Allocated To

Pressure_Sensor_Liquid_Circuit

To_provide_systems_liquid_hydrogen_cooling_operation

Allocated To

Active_Cooling_Liquid_Circuit

To_guarantee_functioning_piping_in_the_systems_regeneration_gaseous_circuit

Allocated To

Piping_Regenerator_Gaseous

To_guarantee_functioning_piping_in_the_systems_liquid_regeneration__circuit

Allocated To

Piping_Regenerator_Liquid

To_perform_systems_gaseous_regeneration_cooling

Allocated To

Gaseous_Regenerator

To_guarantee_functioning_piping_in_the_systems_gaseous_circuit

Allocated To

Piping_Gaseous_Circuit

To_maintain_pressurization_inside_the_systems_gaseous_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_assure_systems_temperature_measure

Allocated To

Temperature_Sensor
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To_cool_engines

Allocated To

Thermal_and_Energy_Management_System

To_guarantee_engines_active_cooling

Allocated To

Active_Cooling_System

To_guarantee_engines_passive_cooling

Allocated To

Passive_Cooling_System

To_properly_transfer_heat_in_engines_passive_cooling

Allocated To

Heater

To_maintain_structural_shape_of_engines_passive_cooling

Allocated To

Heater

To_properly_reject_heat_loads_in_engines_cooling

Allocated To

Heat_Exchanger

To_maintain_compatibility_between_surfaces_of_engines_passive_cooling

Allocated To

Heat_Exchanger

To_control_the_cooling_operation_in_engines_cooling_circuit

Allocated To

Thermal_Control_System

To_assure_engines_temperature_measure

Allocated To

Temperature_Sensor

To_monitor_the_thermal_operation_in_engines

Allocated To

TCS_Sensors

To_supply_electrical_power_to_on_board_thermal_control_subsystem_of_engines

Allocated To

Turbine

To_guarantee_the_correct_engines_sensors_hardware_operation

Allocated To

Temperature_Sensor

To_guarantee_the_correct_engines_sensors_software_operation

Allocated To

Temperature_Sensor

To_guarantee_engines_active_cooling_operation

Allocated To

Active_Cooling_Circuit

To_provide_engines_liquid_hydrogen_cooling_operation

Allocated To

Active_Cooling_Liquid_Circuit

To_provide_engines_gaseous_hydrogen_cooling_operation

Allocated To

Active_Cooling_Gaseous_Circuit

To_guarantee_adequate_engines_outflow_of_liquid_fuel

Allocated To

Liquid_Circuit

To_perform_engines_liquid_regeneration_cooling

Allocated To

Liquid_Regenerator

To_guarantee_engines_pumping_operation

Allocated To

Pump

To_guarantee_functioning_piping_in_the_engines_liquid_circuit

Allocated To

Piping_Liquid_Circuit

To_maintain_pressurization_inside_the_engines_liquid_cooling_circuit

Allocated To

Pressure_Sensor_Liquid_Circuit

To_properly_storage_liquid_hydrogen_in_engines_cooling_circuit

Allocated To

Tank_Liquid_Circuit

To_maintain_pressurization_inside_the_engines_liquid_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Liquid_Regenerator

To_guarantee_functioning_piping_in_the_engines_regeneration_liquid_circuit

Allocated To

Piping_Regenerator_Liquid

To_maintain_proper_contact_between_engines_liquid_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Liquid

To_guarantee_conductive_heat_exchange_capabilities_inside_the_engines_liquid_regeneration_system

Allocated To

Liquid_Regenerator

To_maintain_proper_boil_off_amount_in_engines_cooling_circuit

Allocated To

Boil_off_Circuit

To_guarantee_functioning_piping_in_the_engines_regeneration_gaseous_circuit

Allocated To

Piping_Gaseous_Circuit

To_properly_storage_gaseous_hydrogen_in_engines_cooling_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_pressurization_inside_the_engines_gaseous_circuit

Allocated To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_engines_gaseous_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_engines_gaseous_circuit

Allocated To

Temperature_Sensor_Gaseous_Circuit

To_bear_engines_extreme_thermal_loads_in_liquid_cooling_regeneration_system

Allocated To

Heat_Exchanger_Reg_Liquid

To_guarantee_engines_gaseous_hydrogen_compression_operation

Allocated To

Compressor

To_supply_electrical_power_to_engines_gaseous_hydrogen_compression_system

Allocated To

Turbine

To_maintain_pressurization_inside_the_engines_compression_system

Allocated To

Pressure_Sensor_Compressor

To_guarantee_functioning_piping_in_the_engines_compression_system

Allocated To

Piping_Compressor

To_assure_engines_gaseous_hydrogen_compression_operation

Allocated To

Compressor

To_supply_electrical_power_to_engines_liquid_hydrogen_pumping_system

Allocated To

Turbine

To_maintain_pressurization_inside_the_engines_pumping_system

Allocated To

Pressure_Sensor_Pump

To_guarantee_functioning_piping_in_the_engines_pumping_system

Allocated To

Piping_Pump

To_assure_engines_mechanical_pumping_operation

Allocated To

Pump

To_bear_engines_extreme_thermal_loads_in_gaseous_cooling_regeneration_system

Allocated To

Heat_Exchanger_Reg_Gaseous

To_perform_engines_gaseous_regeneration_cooling

Allocated To

Gaseous_Regenerator

To_maintain_pressurization_inside_the_engines_gaseous_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_maintain_proper_contact_between_engines_gaseous_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_engines_gaseous_regeneration_system

Allocated To

Gaseous_Regenerator

To_guarantee_functioning_piping_in_the_engines_gaseous_circuit

Allocated To

Piping_Regenerator_Gaseous
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To_cool_the_primary_structure

Allocated To

Thermal_and_Energy_Management_System

To_guarantee_primary_structure_active_cooling

Allocated To

Ac tive_Cooling_System

To_guarantee_primary_structure_passive_cooling

Allocated To

Passive_Cooling_System

To_maintain_compatibility_between_surfaces_of_primary_structure_passive_cooling

Allocated To

Heat_Exchanger

To_maintain_structural_shape_of_primary_structure_passive_cooling_system

Allocated To

Heater

To_properly_transfer_heat_in_primary_structure_passive_cooling

Allocated To

Heater

To_properly_reject_heat_loads_through_primary_structure_passive_cooling_system

Allocated To

Heat_Exchanger

To_maintain_proper_cabin_air_outflow

Allocated To

Outflow_Valve

To_maintain_proper_cabin_air_inflow

Allocated To

I nflow_Valve

To_guarantee_proper_amount_of_air

Allocated To

Cabin_Inf low_Valve

To_provide_primary_structure_gaseous_hydrogen_feeding_the_cooling_operation

Allocated To

Ac tive_Cooling_Gaseous_Circuit

To_maintain_proper_boil_off_amount_in_primary_structure_cooling_circuit

A llocated To

Boil_off_C ir cuit

To_guarantee_primary_structure_gaseous_hydrogen_compression_operation

A llo cated To

Compressor

To_perform_primary_structure_gaseous_regeneration_cooling

Allocated To

Gaseous_Regenerator

To_guarantee_functioning_piping_in_the_primary_structure_gaseous_circuit

Allocated To

Piping_Gaseous_Circuit

To_properly_storage_gaseous_hydrogen_in_primary_structure_cooling_circuit

A llocated To

Tank_Gaseous_C ircuit

To_maintain_pressurization_inside_the_primary_structure_gaseous_circuit

A llocated To

Pressure_Sensor_Gaseous_C ircuit

To_provide_ventilation_in_the_primary_structure_gaseous_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_primary_structure_gaseous_circuit

A llocated To

Temperature_Sensor_Gaseous_C ir cuit

To_supply_electrical_power_to_primary_structure_gaseous_hydrogen_compression_system

Allocated To

Turbine

To_maintain_pressurization_inside_the_primary_structure_compression_system

A llocated To

Pressure_Sensor_Compressor

To_guarantee_functioning_piping_in_the_primary_structure_compression_system

Allocated To

Piping_Compressor

To_assure_primary_structure_gaseous_hydrogen_compression_operation

A llocated To

Compressor

To_maintain_pressurization_inside_the_primary_structure_gaseous_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_guarantee_functioning_piping_in_the_primary_structure_regeneration_gaseous_circuit

Allocated To

Piping_Regenerator_Gaseous

To_maintain_proper_contact_between_primary_structure_gaseous_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_primary_structure_gaseous_regeneration_system

Allocated To

Gaseous_Regenerator

To_feed_the_cabin_cooling_system

Allocated To

Ac tive_Cooling_Gaseous_Circuit

To_guarantee_proper_boil_off_amount_to_cool_down_the_cabin

Allocated To

Boil_off_Circuit

To_perform_primary_structure_cabin_feeding_regeneration_cooling

A llocated To

Gaseous_Regenerator

To_guarantee_functioning_piping_in_the_primary_structure_gaseous_cabin_feeding_circuit

A llocated To

Piping_Gaseous_C ircuit

To_properly_storage_gaseous_hydrogen_in_primary_structure_cabin_feeding_cooling_circuit

A llocated To

Tank_Gaseous_C ircuit

To_maintain_pressurization_inside_the_primary_structure_gaseous_cabin_feeding_circuit

Allocated To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_primary_structure_gaseous_cabin_feeding_circuit

A llo cated To

Tank_Gaseous_C ircuit

To_maintain_proper_temperature_inside_the_primary_structure_gaseous_cabin_feeding_circuit

Allocated To

Temperature_Sensor_Gaseous_C ircuit

To_maintain_pressurization_inside_the_primary_structure_gaseous_cabin_feeding_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_guarantee_functioning_piping_in_the_primary_structure_cabin_feeding_regeneration_gaseous_circuit

Allocated To

Piping_Regenerator_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_primary_structure_gaseous_cabin_feeding_regeneration_system

Allocated To

Gaseous_Regenerator

To_maintain_proper_contact_between_primary_structure_gaseous_cabin_feeding_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Gaseous

To_control_the_cooling_operation_in_primary_structure_circuit

A llocated To

Thermal_Contr ol_System

To_assure_primary_structure_temperature_measure

Allocated To

Temperature_Sensor

To_monitor_the_thermal_operation_in_primary_structure

Allocated To

TCS_Sensors

To_supply_electrical_power_to_on_board_thermal_control_subsystem_of_primary_structure

A llocated To

Turbine

To_guarantee_the_correct_primary_structure_sensors_hardware_operation

A llocated To

Temperature_Sensor

To_guarantee_the_correct_primary_structure_sensors_software_operation

Allocated To

Temperature_Sensor
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To_sustain_thermal_loads

A llocated To

Thermal_and_Energy_Management_Sy...

To_guarantee_passive_cooling

A llocated To

Passive_Cooling_System

To_properly_transfer_heat_in_passive_cooling

Allocated To

Heater

To_maintain_structural_shape_of_passive_cooling

Allocated To

Heater

To_maintain_compatibility_between_surfaces_of_passive_cooling

Allocated To

Heat_Exchanger

To_properly_reject_heat_loads_through_passive_cooling_system

A llocated To

Heat_Exchanger

To_guarantee_insulation_and_thermal_shielding

A llocated To

Thermal_Protection_Shielding_System

To_guarantee_insulation_through_convection_system

A llocated To

Convection_Walls

To_properly_shield_the_external_structure

A llocated To

External_Shield

To_maintain_proper_ventilation_inside_the_convection_walls

Allocated To

Wall_C avity

To_bear_extreme_thermal_loads_from_the_internal_structure

Allocated To

Heater

To_maintain_structural_shape_of_the_convection_walls

A llocated To

Wall_Panel

To_maintain_compatibility_between_surfaces_of_the_shield

A llocated To

RCC_Panel

To_properly_reject_heat_loads

Allocated To

External_Heater

To_bear_extreme_thermal_loads_from_the_external_environment

A llocated To

RCC_Panel

To_maintain_structural_shape_of_the_shield

A llocated To

RCC_Panel

To_guarantee_active_cooling

A llocated To

Active_Cooling_System

To_guarantee_active_cooling_operation

A llocated To

Active_Cooling_Circuit

To_provides_gaseous_hydrogen_cooling_operation

A llocated To

Active_Cooling_Gaseous_Circuit

To_provide_liquid_hydrogen_cooling_operation

A llocated To

Active_Cooling_Liquid_Circuit

To_guarantee_adequate_outflow_of_liquid_fuel

Allocated To

Liquid_Circuit

To_guarantee_liquid_hydrogen_pumping_operation

A llocated To

Pump

To_guarantee_functioning_piping_in_the_liquid_circuit

A llocated To

Piping_Liquid_Circuit

To_maintain_pressurization_inside_liquid_cooling_circuit

Allocated To

Pressure_Sensor_Liquid_Circuit

To_properly_storage_liquid_hydrogen_in_cooling_circuit

A llocated To

Tank_Liquid_Circuit

To_supply_electrical_power_to_liquid_hydrogen_pumping_system

A llocated To

Turbine

To_maintain_pressurization_inside_the_pumping_system

Allocated To

Pressure_Sensor_Pump

To_guarantee_functioning_piping_in_the_liquid_pumping_system

Allocated To

Pip ing_Pump

To_assure_mechanical_pumping_operation

A llocated To

Pump

To_perform_liquid_regeneration_cooling

A llocated To

Liquid_Regenerator

To_maintain_pressurization_inside_the_liquid_regeneration_cooling_circuit

A llocated To

Pressure_Sensor_Liquid_Regenerator

To_guarantee_functioning_piping_in_the_regeneration_liquid_circuit

Allocated To

Piping_Regenerator_Liquid

To_maintain_proper_contact_between_liquid_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Liquid

To_guarantee_conductive_heat_exchange_capabilities_inside_the_liquid_regeneration_system

A llocated To

Liquid_Regenerator

To_maintain_proper_boil_off_amount_in_cooling_circuit

A llocated To

Boil_off_Circu it To_guarantee_gaseous_hydrogen_compression_operation

A llocated To

Compressor

To_perform_gaseous_regeneration_cooling

Allocated To

Gaseous_Regenerator

To_properly_storage_gaseous_hydrogen_in_cooling_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_pressurization_inside_the_gaseous_circuit

A llocated To

Pressure_Sensor_Gaseous_Circuit

To_provide_ventilation_in_the_gaseous_circuit

Allocated To

Tank_Gaseous_Circuit

To_maintain_proper_temperature_inside_the_gaseous_circuit

A llocated To

Temperature_Sensor_Gaseous_Circuit

To_supply_electrical_power_to_gaseous_hydrogen_compression_system

A llocated To

Turbine

To_maintain_pressurization_inside_the_compression_system

A llocated To

Pressure_Sensor_Compressor

To_guarantee_functioning_piping_in_the_compression_system

A llocated To

Pip ing_Compressor

To_assure_gaseous_hydrogen_compression_operation

A llocated To

Compressor

To_maintain_pressurization_inside_the_gaseous_regeneration_cooling_circuit

Allocated To

Pressure_Sensor_Gaseous_Regenrator

To_guarantee_functioning_piping_in_the_regeneration_gaseous_circuit

Allocated To

Piping_Regenerator_Gaseous

To_maintain_proper_contact_between_gaseous_regenerator_surfaces

Allocated To

Heat_Exchanger_Reg_Gaseous

To_guarantee_conductive_heat_exchange_capabilities_inside_the_gaseous_regeneration_system

Allocated To

Gaseous_Regenerator

To_control_the_cooling_operation_in_cooling_circuit

A llocated To

Thermal_Control_System

To_assure_temperature_measure

Allocated To

Temperature_Sensor

To_monitor_the_thermal_operation

A llocated To

TCS_Sensors

To_supply_electrical_power_to_on_board_thermal_control_subsystem

A llocated To

Turbine

To_guarantee_the_correct_sensors_hardware_operation

Allocated To

Temperature_Sensor

To_guarantee_the_correct_sensors_software_operation

Allocated To

Temperature_Sensor

To_guarantee_functioning_piping_in_the_gaseous_circuit

A llocated To

Piping_Gaseous_Circuit
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Hypersonic_Flight_System

Allocated From

To_perf orm_ant ipodal_hypers onic _fl ight_s ervice

Ground_Control_System

Alloc ated From

To_support_the_f light_s ervice_and_opera tions

Flight_Segment

Allocated From

To_transpor t_pas sengers

Air_Breathing_Propulsion_System

Allocated From

To_perf orm_an_hypers onic_c ruise_at _35km

To_perf orm_an_hypers onic_c ruise_at _Mach_8

To_perf orm_hor izonta l_ landing

To_perf orm_hor izonta l_take_off

To_perf orm_the_ac cele ra tion_phases

To_perf orm_the_init ial_s ubsonic_c ruis e

Airframe

Alloc ated From

To_sust ain_st ruct ural_loads

Avionic_System

Allocated From

To_guarantee_c ommunicat ion

To_guarantee_navigation_and_guidance

To_guarantee_s urv eillance_and_identific ation

Cabin

Allocated From

To_safe ly_accommodate_passengers_and_attendants

Cockpit

Allocated From

To_ac commodate_the_crew

Electrical_System

Allocated From

To_supply _elect rica l_power

Environmental_Control_System

Alloc ated From

To_guarantee_human_habit abilit y

Landing_Gear_System

Alloc ated Fr om

To_support_hor izonta l_landing

To_support_hor izonta l_t ake_off

To_support_unpowered_desc ent

Tank_System

Alloc at ed From

To_board_prope llant

To_support_the_acce lerat ion_phases

Thermal_Management_System

Allocated From

To_maintain_t herma l_equi librium

Flight_Control_System

Allocated From

To_cont ro l_sy st em_in_atmos pheric _environment

To_perf orm_unpowered_descent

To_support_the_init ial_s ubs onic _c ruise

Active_Cooling_System

Alloc ated From

To_guarantee_activ e_c ooling

To_guarantee_engines_active_cooling

To_guarantee_primary_st ruct ure_active_cooling

To_guarantee_s yst ems _ac tiv e_c ooling

Passive_Cooling_System

All oc at ed Fr om

To_guarantee_engines_pas sive_cooling

To_guarantee_pass ive_cooling

To_guarantee_primary_st ruct ure_pas sive_cooling

To_guarantee_s yst ems _passiv e_c ooling

Thermal_Protection_Shielding_System

Allocated From

To_guarantee_ins ulation_and_thermal_s hielding

Heater

Allocated From

To_bear_ex treme_t hermal_loads_from_the_internal_s truc ture

To_maintain_structural_shape_of_engines_passiv e_c ooling

To_maintain_structural_shape_of_pass ive_cooling

To_maintain_structural_shape_of_primary_structure_passiv e_c ooling_s ys tem

To_maintain_structural_shape_of_s ystems _pass ive_cool ing

To_proper ly _trans fer_heat_in_engines_passiv e_c ooling

To_proper ly _trans fer_heat_in_pass ive_cool ing

To_proper ly _trans fer_heat_in_primary_structure_passiv e_c ooling

To_proper ly _trans fer_heat_in_s ystems _pass ive_cool ing

Heat_Exchanger

Allocated From

To_maintain_compatibilit y_between_sur faces_of_engines_pass ive_cooling

To_maintain_compatibilit y_between_sur faces_of_passiv e_c ooling

To_maintain_compatibilit y_between_sur faces_of_pr imary_s truc ture_pass iv e_cooling

To_maintain_compatibilit y_between_sur faces_of_sy stems_pas sive_cooling

To_properly _rej ec t_heat_loads_in_engines_cooling

To_properly _rej ec t_heat_loads_in_s yst ems _cooling

To_properly _rej ec t_heat_loads_through_passiv e_c ooling_s ys tem

To_properly _rej ec t_heat_loads_through_primary_st ruct ure_pas sive_cooling_sy stem

Active_Cooling_Circuit

Allocated Fr om

To_guarantee_activ e_c ooling_operation

To_guarantee_engines_active_cooling_operat ion

To_guarantee_s yst ems _ac tiv e_c ooling_operation

Thermal_Control_System

Allocated Fr om

To_cont rol_the_cooling_operation_in_cooling_cir cuit

To_cont rol_the_cooling_operation_in_engines_c ooling_c irc uit

To_cont rol_the_cooling_operation_in_primary_st ruct ure_c irc uit

To_cont rol_the_cooling_operation_in_sy st ems_cir cuit

Active_Cooling_Liquid_Circuit

Allocated From

To_prov ide_engines _liquid_hydrogen_cooling_operat ion

To_prov ide_liquid_hydrogen_c ooling_operation

To_prov ide_sys tems_liquid_hydrogen_c ooling_operation

Active_Cooling_Gaseous_Circuit

Alloc ated From

To_feed_t he_cabin_cooling_sys tem

To_prov ide_engines _gaseous _hydrogen_cool ing_operation

To_prov ide_pr imary_s truc ture_gaseous _hydrogen_feeding_the_cooling_operat ion

To_prov ide_sys tems_gas eous_hydrogen_c ooling_operation

To_prov ides _gaseous _hydrogen_cooling_operation

Pump

Allocated Fr om

To_as sure_engines _mechanica l_pumping_operation

To_as sure_mec hanical_pumping_operation

To_guarantee_engines_pumping_operation

To_guarantee_liquid_hydrogen_pumping_operat ion

Compressor

Allocated From

To_as sure_engines _gaseous_hydrogen_compress ion_operation

To_as sure_gas eous_hydrogen_c ompression_operation

To_as sure_pr imary_s truc ture_gaseous _hydrogen_compress ion_operation

To_guarantee_engines_gas eous_hydrogen_c ompres sion_operation

To_guarantee_gaseous _hydrogen_compress ion_operation

To_guarantee_primary_st ruct ure_gas eous_hydrogen_c ompres sion_operat ion

*

Liquid_Regenerator

Alloc at ed From

To_guarantee_c onductive_heat _ex change_capabilit ies_inside_t he_engines_liquid_regeneration_sy stem

To_guarantee_c onductive_heat _ex change_capabilit ies_inside_t he_l iquid_regeneration_s ys tem

To_guarantee_c onductive_heat _ex change_capabilit ies_inside_t he_sy stems _l iquid_regeneration_s ystem

To_perf orm_engines_liquid_regeneration_cooling

To_perf orm_liquid_regeneration_cooling

To_perf orm_s ystems _liquid_regeneration_c ooling

Gaseous_Regenerator

Alloc at ed From

To_guarantee_c onductive_heat _ex change_capabilit ies_inside_t he_engines_gas eous_regenerat ion_sys tem

To_guarantee_c onductive_heat _ex change_capabilit ies_inside_t he_gaseous _regeneration_s yst em

To_guarantee_c onductive_heat _ex change_capabilit ies_inside_t he_primary_st ruct ure_gaseous_c abin_f eeding_regeneration_sy st em

To_guarantee_c onductive_heat _ex change_capabilit ies_inside_t he_primary_st ruct ure_gaseous_regeneration_s ys tem

To_guarantee_c onductive_heat _ex change_capabilit ies_inside_t he_sy st ems _gaseous_regeneration_sy st em

To_perf orm_engines_gaseous_regeneration_cooling

To_perf orm_engines_gaseous_regeneration_cooling

To_perf orm_gaseous_regeneration_c ooling

To_perf orm_primary_st ruct ure_cabin_feeding_regeneration_c ooling

To_perf orm_primary_st ruct ure_gas eous_regenerat ion_cooling

To_perf orm_s ystems _gaseous _regeneration_c ooling

Liquid_Circuit

Allocated From

To_guarantee_adequate_engines_out flow_of_liquid_fuel

To_guarantee_adequate_outf low_of_l iquid_f ue l

To_guarantee_adequate_sy stems_outf low_of_l iquid_f uel

Boil_off_Circuit

Alloc ated From

To_guarantee_proper_boil_off _amount_to_cool_down_the_cabin

To_maintain_proper_boi l_off _amount_in_c ooling_c irc uit

To_maintain_proper_boi l_off _amount_in_engines_cool ing_cir cuit

To_maintain_proper_boi l_off _amount_in_primary_st ruct ure_cooling_cir cuit

To_maintain_proper_boi l_off _amount_in_s ystems _c ooling_c ircuit

Temperature_Sensor

Alloc ated From

To_as sure_engines _temperat ure_meas ure

To_as sure_pr imary_s truc ture_t emperature_meas ure

To_as sure_sys tems_temperature_measure

To_as sure_temperature_measure

To_guarantee_t he_correc t_engines _sens ors_hardware_operation

To_guarantee_t he_correc t_engines _sens ors_sof tware_operation

To_guarantee_t he_correc t_pr imary_s truc ture_sens ors_hardware_operat ion

To_guarantee_t he_correc t_pr imary_s truc ture_sens ors_s of tware_operation

To_guarantee_t he_correc t_sensors _hardware_operation

To_guarantee_t he_correc t_sensors _software_operat ion

To_guarantee_t he_correc t_sys tems_s ensors _hardware_operation

To_guarantee_t he_correc t_sys tems_s ensors _software_operation

TCS_Sensors

Allocated From

To_monitor_the_therma l_operat ion

To_monitor_the_therma l_operat ion_in_engines

To_monitor_the_therma l_operat ion_in_primary_structure

To_monitor_the_therma l_operat ion_in_s ystems

External_Shield

Allocated From

To_proper ly _s hield_the_external_s truc ture

Convection_Walls

Alloc ated Fr om

To_guarantee_ins ulation_t hrough_convec tion_sys tem

Inflow_Valve

Allocated From

To_maintain_proper_c abin_air_inflow

Outflow_Valve

Allocated From

To_maintain_proper_c abin_air_out flow

Cabin_Inflow_Valve

Allocated Fr om

To_guarantee_proper_amount_of _a ir

Piping_Liquid_Circuit

Allocated From

To_guarantee_f unc tioning_piping_in_the_engines_liquid_cir cuit

To_guarantee_f unc tioning_piping_in_the_liquid_c irc uit

To_guarantee_f unc tioning_piping_in_the_s ystems _liquid_c ircuit

Pressure_Sensor_Liquid_Circuit

Alloc at ed From

To_maintain_pressuriza tion_inside_liquid_c ooling_c irc uit

To_maintain_pressuriza tion_inside_t he_engines_liquid_cooling_circ uit

To_maintain_pressuriza tion_inside_t he_sy st ems_liquid_cooling_cir cuit

Tank_Liquid_Circuit

Allocated From

To_proper ly _s torage_liquid_hydrogen_in_cooling_circuit

To_proper ly _s torage_liquid_hydrogen_in_engines_cooling_circuit

To_proper ly _s torage_liquid_hydrogen_in_sy stems _cooling_circuit

Pressure_Sensor_Pump

Allocated From

To_maintain_pressuriza tion_inside_t he_engines_pumping_sys tem

To_maintain_pressuriza tion_inside_t he_pumping_sy st em

Piping_Pump

Allocated From

To_guarantee_f unc tioning_piping_in_the_engines_pumping_sys tem

To_guarantee_f unc tioning_piping_in_the_liquid_pumping_s ys tem

Piping_Regenerator_Liquid

Allocated Fr om

To_guarantee_f unc tioning_piping_in_the_engines_regeneration_l iquid_circuit

To_guarantee_f unc tioning_piping_in_the_regeneration_liquid_c irc uit

To_guarantee_f unc tioning_piping_in_the_s ystems _liquid_regeneration__cir cuit

Pressure_Sensor_Liquid_Regenerator

Alloc ated Fr om

To_maintain_pressuriza tion_inside_t he_engines_liquid_regenerat ion_cooling_circ uit

To_maintain_pressuriza tion_inside_t he_liquid_regeneration_c ooling_c ircuit

To_maintain_pressuriza tion_inside_t he_sy st ems_liquid_regeneration_sy st em

Temperature_Sensor_Gaseous_Circuit

Alloc ated From

To_maintain_proper_temperat ure_inside_t he_engines_gaseous _c irc uit

To_maintain_proper_temperat ure_inside_t he_gaseous_cir cuit

To_maintain_proper_temperat ure_inside_t he_pr imary_s truc ture_gaseous _c abin_feeding_circuit

To_maintain_proper_temperat ure_inside_t he_pr imary_s truc ture_gaseous _c ircuit

To_maintain_proper_temperat ure_inside_t he_sy stems_gas eous_circuit

Heat_Exchanger_Reg_Liquid

Allocated From

To_bear_engines_extreme_thermal_loads _in_liquid_cooling_regeneration_sy st em

To_maintain_proper_c ontac t_between_engines _liquid_regenerator_surf ac es

To_maintain_proper_c ontac t_between_liquid_regenerator_s ur faces

To_maintain_proper_c ontac t_between_sys tems_liquid_regenerator_s ur faces

Pressure_Sensor_Gaseous_Circuit

Alloc ated From

To_maintain_pressuriza tion_inside_t he_engines_gas eous_c irc uit

To_maintain_pressuriza tion_inside_t he_gaseous _cir cuit

To_maintain_pressuriza tion_inside_t he_primary_structure_gaseous _c abin_f eeding_cir cuit

To_maintain_pressuriza tion_inside_t he_primary_structure_gaseous _c irc uit

To_maintain_pressuriza tion_inside_t he_sy st ems_gaseous_cooling_cir cuit

Piping_Gaseous_Circuit

All oc at ed From

To_guarantee_f unc tioning_piping_in_the_engines_regenerat ion_gas eous_cir cuit

To_guarantee_f unc tioning_piping_in_the_gaseous _c ircuit

To_guarantee_f unc tioning_piping_in_the_primary_st ruct ure_gas eous_c abin_feeding_cir cuit

To_guarantee_f unc tioning_piping_in_the_primary_st ruct ure_gas eous_c irc uit

To_guarantee_f unc tioning_piping_in_the_sy stems _gaseous _cir cuit

Tank_Gaseous_Circuit

Allocated From

To_proper ly _s torage_gaseous_hydrogen_in_cooling_c ircuit

To_proper ly _s torage_gaseous_hydrogen_in_engines_cooling_circ uit

To_proper ly _s torage_gaseous_hydrogen_in_primary_st ruct ure_c abin_feeding_cooling_cir cuit

To_proper ly _s torage_gaseous_hydrogen_in_primary_st ruct ure_c ooling_c irc uit

To_proper ly _s torage_gaseous_hydrogen_in_sy st ems _cooling_cir cuit

To_prov ide_ventilation_in_the_engines _gaseous _cir cuit

To_prov ide_ventilation_in_the_gas eous_circ uit

To_prov ide_ventilation_in_the_primary_s truc ture_gaseous _cabin_feeding_circ uit

To_prov ide_ventilation_in_the_primary_s truc ture_gaseous _cir cuit

To_prov ide_ventilation_in_the_s ys tems_gas eous_c irc uit

Pressure_Sensor_Compressor

Allocated Fr om

To_maintain_pressuriza tion_inside_t he_compress ion_sy stem

To_maintain_pressuriza tion_inside_t he_engines_c ompression_s ystem

To_maintain_pressuriza tion_inside_t he_primary_structure_c ompres sion_sy stem

Piping_Compressor

Allocated From

To_guarantee_f unc tioning_piping_in_the_compres sion_sy st em

To_guarantee_f unc tioning_piping_in_the_engines_compress ion_sys tem

To_guarantee_f unc tioning_piping_in_the_primary_st ruct ure_compression_s ystem

Piping_Regenerator_Gaseous

Allocated Fr om

To_guarantee_f unc tioning_piping_in_the_engines_gas eous_cir cuit

To_guarantee_f unc tioning_piping_in_the_primary_structure_cabin_feeding_regeneration_gaseous _c irc uit

To_guarantee_f unc tioning_piping_in_the_primary_structure_regenerat ion_gas eous_cir cuit

To_guarantee_f unc tioning_piping_in_the_regeneration_gas eous_c irc uit

To_guarantee_f unc tioning_piping_in_the_sy stems _regeneration_gaseous _c irc uit

Pressure_Sensor_Gaseous_Regenrator

Alloc at ed From

To_maintain_pressuriza tion_inside_t he_engines_gas eous_cooling_circ uit

To_maintain_pressuriza tion_inside_t he_gaseous _regeneration_cooling_circuit

To_maintain_pressuriza tion_inside_t he_primary_st ruct ure_gas eous_c abin_f eeding_regeneration_cooling_circuit

To_maintain_pressuriza tion_inside_t he_primary_st ruct ure_gas eous_regeneration_cooling_circ uit

To_maintain_pressuriza tion_inside_t he_sy st ems_gaseous _regeneration_cooling_circuit

Heat_Exchanger_Reg_Gaseous

Allocated From

To_bear_engines_extreme_thermal_loads _in_gas eous_cooling_regenerat ion_sy stem

To_maintain_proper_c ontac t_between_engines _gaseous_regenerator_surf aces

To_maintain_proper_c ontac t_between_gas eous_regenerat or_s ur faces

To_maintain_proper_c ontac t_between_pr imary_s truc ture_gaseous _cabin_feeding_regenerat or_surfac es

To_maintain_proper_c ontac t_between_pr imary_s truc ture_gaseous _regenerator_surf aces

To_maintain_proper_c ontac t_between_sys tems_gas eous_regenerat or_surfac es

RCC_Panel

Allocated From

To_bear_ex treme_thermal_loads_from_the_ext ernal_env ironment

To_maintain_compatibilit y_between_sur faces_of_the_s hield

To_maintain_structural_shape_of_the_s hield

External_Heater

Allocated From

To_proper ly _rej ec t_heat_loads

Wall_Cavity

Allocated From

To_maintain_proper_ventilat ion_inside_the_c onvection_walls

Wall_Panel

Alloc at ed From

To_maintain_structural_shape_of_the_c onvec tion_wa lls

Thermal_and_Energy_Management_System

Allocated From

To_cool_engines

To_cool_s ystems

To_cool_the_primary_st ruct ure

To_sust ain_thermal_loads

Turbine

Allocated From

To_supply _elect rica l_power_to_engines _gaseous_hydrogen_compres sion_sy stem

To_supply _elect rica l_power_to_engines _liquid_hydrogen_pumping_s ystem

To_supply _elect rica l_power_to_gas eous_hydrogen_c ompression_s ys tem

To_supply _elect rica l_power_to_liquid_hydrogen_pumping_sys tem

To_supply _elect rica l_power_to_on_board_therma l_contro l_subs ystem

To_supply _elect rica l_power_to_on_board_therma l_contro l_subs ystem_of _engines

To_supply _elect rica l_power_to_on_board_therma l_contro l_subs ystem_of _primary_st ruct ure

To_supply _elect rica l_power_to_on_board_therma l_contro l_subs ystem_of _sy stems

To_supply _elect rica l_power_to_pr imary_s truc ture_gaseous_hydrogen_compress ion_sys tem
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Loss of the capability to sustain thermal loads 

Passive cooling failure Active cooling failure 

Thermal control failure 

Temperature sensor failure 
Sensors errors 

Electrical system failure 
Software errors 

Active cooling circuit failure 

Degradation of the liquid hydrogen feeding Degradation of the gaseous hydrogen feeding 

Inadequate outflow Pump failure Regenerator failure 

Amount of boil-off insufficient  Regenerator failure  

Pressure 

sensor failure  

Heat exchanger failure 

Pipes leakages  

Pipes leakages 

Aeration not present 

Tank leakages 

Pressure sensor failure  

Pipes leakages 

Pressure sensor failure 

Pipes leakages 

Tank leakages 

Mechanical failure 

Pressure sensor failure  

Pressure sensor failure  

Pipes leakages 

Heat exchanger failure 

Compressor failure  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Shape degradation  Inefficient radiator Walls degradation Materials degradation 

Electrical system failure 

Walls degradation 

Walls degradation  

Temperature sensor failure  

Pipes leakages  

Materials degradation 

Hardware errors 

Shape 

degradation 

Walls 

degradation 

Inefficient 

radiator  

Degradation of 

convection walls 

Aeration not 

present 

Materials degradation 

Shape 

degradation 

Insulation degradation  

Insulation system failure 

Materials degradation 

Pump failure 1 Pump failure 2 

Pipes leakages 

Mechanical failure 

Pressure sensor failure  

Electrical system failure 

Compressor failure 1   Compressor failure 2  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Pipes leakages  

Walls degradation 

Loss of the capability to sustain thermal loads 

Passive cooling failure Active cooling failure 

Thermal control failure 

Temperature sensor failure 

Sensors errors 

Electrical system failure Software errors 

Active cooling circuit failure 

Degradation of the liquid hydrogen feeding Degradation of the gaseous hydrogen feeding 

Inadequate outflow Pump failure Regenerator failure 

Amount of boil-off insufficient  Regenerator failure  

Pressure 

sensor failure  

Heat exchanger failure 

Pipes leakages  

Pipes leakages 

Aeration not present 

Tank leakages 

Pressure sensor failure  

Pipes leakages 

Pressure sensor failure 

Pipes leakages 
Tank leakages 

Mechanical failure 

Pressure sensor failure  

Pressure sensor failure  

Pipes leakages 

Heat exchanger failure 

Compressor failure  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Shape degradation  Inefficient radiator Walls degradation Materials degradation 

Electrical system failure 

Walls degradation 

Walls degradation  

Temperature sensor failure  

Pipes leakages  

Hardware errors 

Shape 

degradation 

Walls 

degradation 

Inefficient 

radiator  

Degradation of 

convection walls 

Aeration not 

present 

Materials degradation 

Shape 

degradation 

Insulation degradation  

Insulation system failure 

Materials degradation 

Pump failure 1 Pump failure 2 

Pipes leakages 

Mechanical failure 

Pressure sensor failure  

Electrical system failure 

Compressor failure 1   Compressor failure 2  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Pipes leakages  

λ=1.01*10-30 

λ=3*10-11 λ=2*10-8 

λ=2.4*10-10 

λ=5.6*10-7 λ=3*10-6 

λ=1.2*10-10 

λ=2.1*10-23 

λ=3*10-10 

λ=7*10-6 

λ=1*10-8 

λ=1.1*10-5 λ=1.1*10-5 

λ=7*10-6 

λ=3*10-11 

λ=3*10-11 

λ=3*10-10 

λ =1*10-6 
λ =1*10-6 

λ=3*10-10 

λ=7*10-6 

λ=3*10-6 λ=3*10-6 

λ=7*10-6 

λ=3*10-10 

λ=7.6*10-36 

λ=3*10-10 

λ=1.9*10-6 

λ=7*10-6 

λ=1.9*10-7 

λ=1*10-8 

λ=7*10-6 

λ=3*10-10 

λ=3*10-6 

λ =1*10-6 
λ =1*10-6 

λ=3*10-6 

λ=7*10-6 

λ=3*10-10 
λ=7*10-6 

λ=3.6*10-31 

λ=3*10-10 

λ=3*10-11 

λ=2.5*10-5 

λ=1.1*10-5 λ=1.1*10-5 

λ=3*10-6 

λ=4.5*10-6 

λ=7.4*10-7 
λ=7.1*10-7 

λ=2.5*10-6 

λ=1.1*10-11 

λ=3.6*10-31 

λ=1.2*10-35 

λ=1.9*10-6 

λ=2*10-3 

λ=3*10-4 

λ=3*10-4 

λ=5.6*10-7 

λ=2*10-3 

λ=3*10-11 

λ=1.1*10-12 

λ=1.2*10-10 

λ=1.2*10-10 

λ=1.2*10-10 

λ=1.01*10-23 

λ=2.5*10-10 

λ=2.5*10-10 
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FTA (devices): Loss of  the capability to sustain thermal loads 

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



Loss of the capability to cool engines 

Passive cooling failure 

Active cooling failure 

Active cooling circuit failure  

Degradation of the liquid hydrogen feeding 

Thermal control system failure 

Degradation of the gaseous hydrogen feeding 

Inadequate outflow 

Temperature sensor failure 
Sensors errors 

Pump failure  Regenerator failure 
Amount of boil-off insufficient  

Regenerator failure  

Pressure 

sensor failure  

Heat exchanger failure 
Pipes leakages  

Pipes leakages 

Aeration not present 
Tank leakages 

Pressure sensor failure  

Pipes leakages 

Electrical system failure 
Software errors 

Pressure sensor failure 

Pipes leakages 
Tank leakages 

Mechanical failure 

Pressure sensor failure  

Pressure sensor 

failure  

Pipes leakages 

Heat exchanger failure 

Compressor failure 1  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Walls degradation 

Electrical system failure 

Walls degradation  

Temperature sensor failure  

Hardware errors 

Materials degradation 

Pipes leakages  

Walls degradation Surface degradation 
Material degradation 

Shape degradation 

Materials degradation 

Pipes leakages 

Mechanical failure 

Pressure sensor failure  

Electrical system failure 

Pump failure 1  Pump failure 2  

Compressor failure 2  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Pipes leakages  

Compressor failure  

Loss of the capability to cool engines 

Passive cooling failure 

Active cooling failure 

Active cooling circuit failure  

Degradation of the liquid hydrogen feeding 

Thermal control failure 

Degradation of the gaseous hydrogen feeding 

Inadequate outflow 

Temperature sensor failure 
Sensors errors 

Pump failure  Regenerator failure 
Amount of boil-off insufficient  

Regenerator failure  

Pressure 

sensor failure  

Heat exchanger failure 
Pipes leakages  

Pipes leakages 

Aeration not present 
Tank leakages 

Pressure sensor failure  

Pipes leakages 

Electrical system failure 
Software errors 

Pressure sensor failure 

Pipes leakages 

Tank leakages 

Mechanical failure 

Pressure sensor failure  

Pressure sensor 

failure  

Pipes leakages 

Heat exchanger failure 

Compressor failure 1  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Walls degradation 

Electrical system failure 

Walls degradation  

Temperature sensor failure  

Hardware errors 

Materials degradation 

Pipes leakages  

Walls degradation Inefficient radiator Material degradation Shape degradation 

Materials degradation 
Pipes leakages 

Mechanical failure 

Pressure sensor failure  

Electrical system failure 

Pump failure 1  Pump failure 2  

Compressor failure 2  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  
Pipes leakages  

Compressor failure  

λ=3*10-10 

λ=7*10-6 

λ=1*10-8 

λ =1*10-6 

λ=3*10-6 

λ=7*10-6 

λ=3*10-10 

λ=1*10-6 

λ=3*10-10 

λ=7*10-6 

λ=3*10-6 

λ=5.7*10-6 

λ=3*10-10 

λ=3*10-11 

λ=7.2*10-39 

λ=7*10-6 

λ=2*10-8 

λ=7.6*10-36 

λ=1*10-8 

λ=7*10-6 λ=3*10-10 

λ=1.9*10-6 

λ=1.9*10-7 

λ=1.2*10-10 

λ=1.1*10-5 λ=1.1*10-5 

λ=3*10-10 

λ =1*10-6 

λ =1*10-6 

λ=3*10-6 

λ=7*10-6 

λ=3*10-6 

λ=7*10-6 

λ=3*10-10 

λ=7.1*10-7 

λ=2.5*10-6 

λ=7.4*10-7 λ=3*10-6 

λ=4.5*10-6 

λ=1.1*10-11 

λ=3*10-11 λ=2*10-8 λ=5.6*10-7 λ=3*10-6 

λ=1.01*10-30 

λ=5.7*10-6 

λ=3*10-10 

λ=3*10-11 

λ=7*10-6 

λ=2*10-8 

λ=2.5*10-10 

λ=1.2*10-9 

λ=2.4*10-10 

λ=2.5*10-10 

λ=1.2*10-10 

λ=1.2*10-10 

λ=1.1*10-5 λ=1.1*10-5 

λ=2.1*10-23 

λ=7.2*10-39 
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FTA (devices): Loss of  the capability to cool the engines 

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



Loss of the capability to cool primary structure 

Passive cooling failure 
Active cooling failure 

Insufficient cabin air 

outflow 

Thermal control failure 

Temperature sensor failure  
Sensors errors 

Electrical system failure 
Software errors 

Insufficient cabin air inflow Feeding cabin cooling degradation 

Insufficient amount of air 
Degradation of the gaseous hydrogen feeding 

Walls degradation 

Amount of boil-off insufficient  

Pipes leakages 

Aeration not present 

Tank leakages 

Pressure sensor failure  

Regenerator failure  

Walls degradation 

Pipes leakages 

Materials degradation 

Heat exchanger 

failure 

Amount of boil-off insufficient  

Pipes leakages 

Aeration not present 

Tank leakages 

Pressure sensor failure 

Regenerator failure 

Materials degradation 

Pipes leakages 

Heat exchanger failure 

Temperature sensor 

failure 

Compressor failure  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Pressure sensor failure  

Pipes leakages 

Temperature sensor failure  Pressure sensor failure  

Hardware errors 

Walls degradation Inefficient radiator Material degradation Shape degradation 

Compressor failure 1  Compressor failure 2  

Electrical system failure 

Pressure sensor 

failure  

Mechanical failure  

Pipes leakages 

Loss of the capability to cool primary structure 

Passive cooling failure 
Active cooling failure 

Insufficient 

cabin air 

outflow 

Thermal control failure 

Temperature sensor failure  
Sensors errors 

Electrical system failure 
Software errors 

Insufficient cabin air inflow Feeding cabin cooling degradation 

Insufficient amount of air 
Degradation of the gaseous hydrogen feeding 

Walls degradation 

Amount of boil-off insufficient  

Pipes leakages 

Aeration not present 

Tank leakages 

Pressure sensor failure  

Regenerator failure  

Walls degradation 

Pipes leakages 

Materials degradation 

Heat exchanger 

failure 

Amount of boil-off insufficient  

Pipes leakages 

Aeration not present 

Tank leakages 

Pressure sensor failure 

Regenerator failure 

Materials degradation 

Pipes leakages 

Heat exchanger failure 

Temperature sensor 

failure 

Compressor failure  

Electrical system failure 

Pressure sensor failure  

Mechanical failure  

Pressure sensor failure  

Pipes leakages 

Temperature sensor failure  Pressure sensor failure  

Hardware errors 

Walls degradation Inefficient radiator Material degradation Shape degradation 

λ=3*10-10 

λ=7*10-6 

λ=1*10-8 

λ=1.9*10-6 

λ=3*10-10 

λ=2*10-8 

λ=7*10-6 

λ=3*10-11 

λ=5.7*10-6 

λ=1.9*10-6 

λ=3*10-10 λ=1*10-8 

λ=7*10-6 

λ=1.9*10-7 

λ=3*10-10 

λ=7*10-6 

λ=3*10-11 

λ=5.7*10-6 

λ=3*10-6 

λ=7.4*10-7 

λ=7.1*10-7 

λ=3*10-11 λ=3*10-6 

λ=2.5*10-6 

Compressor failure 1  Compressor failure 2  

λ=1.9*10-7 

λ=3*10-6 

λ=7*10-6 

Electrical system failure 

Pressure sensor 

failure  

Mechanical failure  

Pipes leakages 

λ=3*10-10 

λ=3*10-6 

λ=7*10-6 

λ =1*10-6 
λ =1*10-6 

λ=3*10-10 

λ=2*10-8 λ=5.6*10-7 

λ=5.7*10-6 

λ=1*10-10 

λ=4.5*10-6 

λ=1.1*10-11 

λ=1*10-10 

λ=7.6*10-36 
λ=1.1*10-5 λ=1.1*10-5 

λ=1.2*10-10 

λ=7.2*10-39 

λ=7.6*10-36 λ=7.2*10-39 

λ=1.2*10-10 

λ=1.01*10-30 

λ=2.2*10-10 

λ=3.3*10-10 

λ=3.3*10-10 

λ=7.6*10-36 

116 

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

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



Loss of the capability to cool systems 

Passive cooling failure Active cooling failure 

Active cooling circuit failure 

Degradation of the liquid 

hydrogen feeding 

Thermal control failure 

Degradation of the gaseous hydrogen feeding 

Inadequate outflow 

Temperature sensor failure 
Sensors errors 

Regenerator failure 
Amount of boil-off insufficient  Regenerator failure  

Pressure sensor failure 
Pipes leakages 

Pipes leakages 

Aeration not present 

Tank leakages 

Pressure sensor failure 

Pipes leakages 

Electrical system failure 
Software errors 

Pressure sensor failure 

Tank leakages 

Pressure sensor failure 

Pipes leakages 

Heat exchanger failure 

Walls degradation Surface degradation 

Walls degradation 

Walls degradation 

Material degradation 
Shape degradation 

Temperature sensor failure  

Heat exchanger failure 

Hardware errors 

Loss of the capability to cool systems 

Passive cooling failure 
Active cooling failure 

Active cooling circuit failure 

Degradation of the liquid hydrogen 

feeding 

Thermal control failure 

Degradation of the gaseous hydrogen feeding 

Inadequate outflow 

Temperature sensor failure 
Sensors errors 

Regenerator failure 
Amount of boil-off insufficient  Regenerator failure  

Pressure sensor failure 
Pipes leakages 

Pipes leakages 

Aeration not present 

Tank leakages 

Pressure sensor failure 

Pipes leakages 

Electrical system failure 
Software errors 

Pressure sensor failure 

Tank leakages 

Pressure sensor failure 

Pipes leakages 

Heat exchanger failure 

Walls degradation Inefficient radiator 

Walls degradation 

Walls degradation 

Material degradation Shape degradation 

Temperature sensor failure  

Heat exchanger failure 

Hardware errors 

λ=3*10-10 

λ=7*10-6 

λ=1*10-8 

λ=7*10-6 

λ=3*10-11 

λ=3*10-10 

λ=5.7*10-6 

λ=1*10-8 
λ=3*10-10 

λ=7*10-6 

λ=1.9*10-7 

λ=1.9*10-6 

λ=5.7*10-6 

λ=7*10-6 

λ=3*10-11 λ=3*10-10 

λ=3*10-6 

λ=7.1*10-7 

λ=7.4*10-7 

λ=2.5*10-6 

λ=5.6*10-7 λ=3*10-11 λ=3*10-6 λ=2*10-8 

λ=2.1*10-23 λ=3.6*10-31 

λ=7.6*10-36 

λ=4.5*10-6 

λ=1.1*10-11 

λ=1.01*10-30 λ=1.1*10-11 

λ=2.1*10-23 

λ=2.1*10-23 

λ=3.6*10-31 

λ=3.6*10-31 

λ=1.1*10-11 
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FTA (devices): Loss of  the capability to cool the systems 

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


