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o Environmental Conftrolled Life
¢ N
- Support Systems

= Long duration space missions

= Long duration space missions, such as the establishment of permanent bases on the

lunar surface or the fravel to Mars, require an amount of life support consumables
that cannot be supplied from Earth.

= Regenerative Life Support Systems are therefore necessary to sustain long-term

manned space mission in order to increase recycling rates and thus reduce the mass
to be launched.

= Environmental Controlled Life Support Systems

= ECLSS are systems that enable the survival of humans being in space, by providing,
among other functions, the crew supply with oxygen, water and food.

= The architecture of such an ECLSS widely depends on the mission scenario.
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L ALISSE — a tool-based methodology

- Provides a decision-making tool to support ECLSS trade-off for a space mission

Reference Model
defines the
integration of life
support system
models with their
environment

Workflow

allows to assess all
the criteria by
chaining different
simulation models
& tools

Metrics
describe any
Environmental
Controlled Life
Support Systems
(ECLSS)
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[ Metrics
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Evaluation and selection of ECLSS architecture is a comprehensive trade-off between
mass, technology, safety, lifecycle cost and strategic considerations.
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Mass Energy & Power Crew Time
Coverage Mass Ratio: total system Mean & Max power consumed in Total Crew Time for operation and
mass over total allocated mass mission maintenance of the ECLSS
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ey
Risk for Human Reliability Sustainability
Global risk index Global system reliability Need coverage level. Energy/Matter

external dependence




S Workflow
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s;l'i\ Grey Water Loop Management

= The closed loop includes a water
recycling unit and an energy
valorization unit to heat and cool the
water.
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= The loop is circular and semi-closed o
because of losses and down sizing of Water

the recycling system. —Clew Usa{ues
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= The buffers give the flexibility for the suosz \
system. Their volumes must be eyl
minimized.
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s:'ﬂ: Grey Water Loop Management

Dynamic multi-physics model used for I

Energy and water flow representation
performance analysis and control
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@kl L Grey Water Management

Water and Energy balances (use case hotel)

Needs (blue) and extra water (blue)
Monthly Hygienic Water (m3)

Needs for hot and cold water in function of month
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Space and Earth development

OSCAR
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Opftimal System-in-system Control & Architecture

Consolidation of modelling requirements of
bio-inspired systems

Eralnlevel:r._o;r‘;mandand el \
= Stability definition, Simulation Tools

= Mass Balance, Metabolic pathways,
Thermodynamics,

=  Control laws

|dentification of modelling limitations and
critical issues
= Compounds properties (thermophysical properties, - AUSSE level Glabal evaluation

kinetics and interfacial properties at molecule and conguestion
macromolecule levels)
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= Local phenomena description (metabolism and _ ‘
physical transfers) ; lobal Control of a

»

=  Unift operation and process level " I— " N

= The brain-level and the decision maker system

Partial or total connection of
subsystems

fmi

Technological level — Physical, Chemical, Thermal, Process maodeling



B VARSITY
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Mathematical modelling of physical
processes review and loop-network
connections

Overall control loop strategy

ALISSE industrial deployment
* Make ALISSE deployable for an industrial user

1. Critical discussion about the strength and the
criticalities of ALISSE version 1 between the
developers (Sherpa and EnginSoft) and the
end user (Thales-ASI)

2. Debugging and development phase of the
software, the interface will be updated for user-
friendliness

Various Integration of System Study
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Al Lunar Gateway
—-—

a esa _
' ".-,\gf International
] hobitation

3
~'3

@ module
= The Lunar Gateway is a planned = In November 2019, the European
mini-space station in lunar orbit Space Agency received
infended o serve as a authorization and funding to
communication hub, science support its planned contributions
laboratory and short-term to the Gateway including

habitation module habitation and refueling




L Lunar Gateway
e

Gateway is a complex assembly composed of different

modules

=  With specific functions (i.e. PPE — Power&Propulsion,
ESPRIT - Refueling&Telecom, Airlock - EVA)

=  With similar functions (i.e. iHab, US-Hab - Habitation)

Given current schedule for Gateway development and

deployment

= Having representative mock-ups of all modules fully

ouftfitted at same location will not be possible

= Validation and verification of infegrated stack
performance cannot be performed by tests: use of

simulation!




M E,dgg\m Simulation model for the IHab

Using a simulation model to evaluate the iHab based on ALISSE metrics

iHab level — Global evaluation R
e |
Coverage Mass Ratio: total system Mean & Max power consumed in
rmass over total allocated mass. misslon
A\
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Crow Time
Total Crew Time for operation and
malntenance of the ECLSS

Global system reliability

Sustainability
Need coverage level. Energy/Matte:
external dependence

Technological level —

Physical, Chemical, Thermal, Process modeling
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|l Terrestrial application Cy

= Terrestrial application of an ESA e

@ %
space technology

Activities

= A partnership with varer:, A N
Energv 4 Personal - Information
CentraleSupéelec and The city of
Le Havre (Normgndy) = Adapt and consolidate metrics for terrestrial

N . applications
* A decision-support tool for multi- = Define the reference model for the multi-domain

domain flow management representation of Smart City flows

= Data analytics & statistical modelling — Data
visualization
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From system architecture to numerical simulation

System
[ == {O Simulatfion Architect: new engineering
= L Simuaior role to support simulation activities

i == — |5 ﬁj = Enhancement of the link between system

/7;\0} ; :_;_ TE |““~” architects and numerical simulation

e ) — = experts




b

An automotive analogy
u SYSTEM )

SIMULATION SIMULATION |
ARCHITECT  §) ARCHITECT

EXPERT
System architecture

Simulation request

Simulation architecture

Numerical simulation
m] Vehile
1 St il ~Zenticl U onitle iltered VieW - PO W 1 /‘J
T m - B o= T = —
c-.--}—a---m. Ty . - MA " : F4 "*_1;7;;::‘.”,.‘."""" B [z # E :["
4 B ’ XL o L .2 | - e | . ;V > ,_..'.l,l
' - ; F3 F4.3 T osrie dmbon T T
o e, R




qdb

MICRO-ECOLOGICAL
LIFE SUPPORT SYSTEM

ALTERNATIVE

THANK YOU.

Philippe Fiani
Sherpa Engineering
p.flani@sherpa-eng.com

www.melissafoundation.org

Follow us
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