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Model Driven Lunar Habitat Avionics Design

LSS HABITAT MODELING
EFFORT
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Exploration Systems Mission Directorate

Context IO

Directorate Integration Office

LSS has been studying Avionics for lunar surface applications for several years with
the intent being to develop common architecture(s) to support multiple vehicles.

= The “Avionics” referred to here is any system or component that has an electrical
connection.

Includes power, thermal, data, sensing, actuation, comms, ...

This is the only context to talk about Fault Tolerance, Reliability, ... for Redundant
Systems

Most studies are segmented at subsystem boundaries and do not cover effects
resultant from integration of subsystems. This leaves latent risks to be discovered
during later systems integration efforts as:

= Failure modes that manifest as the result of integrating systems
m Fault propagation across subsystem boundaries

Draper is funded by NASA ESMD to model the Habitat and Lunar Electric Rover
Avionics and evaluate the potential for commercial electronics technology to meet
reliability constraints and improve performance

Current study task is to develop and evaluate a systems based model of the NASA
provided reference designs

This is an iterative approach to refine both the systems and architectures

Incorporates an integrated analysis of multiple subsystems to expose
interdependencies and increase total system reliability

In turn, this provides a better understanding of the systems of interest and more
strategic investment in development of technologies and capabilities
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Exploration Systems Mission Directorate

Executive Summary IO

Directorate Integration Office

A functional model of the Habitat System reference design has been created in
Simulink for use with the PARADyM tool.

= Models the full system down to the Bus Interface Unit (i.e. remote I/O control) level.

Now in the process of refining our understanding of redundancy and CONOPs for
the ECLS Systems to better fold them into the model.

We are at the point where it is possible to use the model to probe the system
architecture and ask questions/evaluate alternatives.

=  What components are driving overall system reliability?

m  Where can we use COTS level reliability with minimal impact to the overall system

reliability?

= Where would we benefit from additional redundancy?
We have identified potential single point failures and they are already being
designed out.

= Have so far been able to improve system reliability from 95% to 98% (and we are just
getting started)

Please Note: “Reliability” as it is used in this presentation, particularly in the results, is best
thought of as a metric for evaluating the architecture.

= |t should not be quoted as a prediction of reliability for this system!
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Model Driven Lunar Habitat Avionics Design

DESIGNING FOR INCREASED
SYSTEM RELIABILITY
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Using Reliability Estimation as a Design Tool DIQ

e The ultimate objective of any system is to:
m perform a defined function
m within specified operating limits
m for a desired mission duration.
e The reliability of a system is a measure of its ability to meet this objective.
m How does the system continue to perform in the face of a component failure?
s How can the probability of achieving the system objective be increased?
Increase component MTBF? Won't work if the source of failure is
external to the system — ie. a flock of geese.
Add components (redundancy)?  Won't help if the components are prone
to failure.
Both? Fine if you have unlimited $s and don’t mind the extra weight.
m Otherissues:
Fault coverage
Failure identification
Component repair/replacement strategy

7
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Exploration Systems Mis:

Features of System Reliability Analysis Dlo

== Directorate Integratio

Failures Cause System Configuration to Change

System:
Consists of Component 1A
—I— Component 2A
components and S e | - >
connections omponen omponen
Component 2B
Component 1C \ /

Connections

e Component and connection failures move the system into different
configurations.

e Some of these configurations do not stop the system’s desired
function.

e Model evaluates likelihood of getting into each configuration.

e The sum of the probabilities of the operational configurations is the
system reliability.

e We use this measure to explore alternative architectures
= Number of components and their connections
= Quality of components, approach to maintenance
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ems Mission Directorate

) Refining the System Architecture Dlo

Directorate Integration Office

Part of a Systematic Process of Design Optimization

. o PARADYM
e Uses sensitivity to E:EE":‘ Model —2 o
“ ” i . Generation
prObe the deSIQn System Operational
e Validate design Description Policies
* Architecture * Reconfiguration
° |dent|fy « Component * Repair/Maintenance
characteristics * Dispatch
m Issues m_r‘ [ Analytic ]
) ~—o Model
m Drivers
ifi System
= Opportunities [ _System ] o —o
e Payoff vs. cost of |
corrective actions  cost Ll cooerr Design
Function | ‘ Evaluation Optimization
“Probing” »|  Sensitivity |
Parameters | Analysis
, v
Coaiﬂginnts —*| “Optimization” C| L/6

P
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Exploration Systems Mission Directorate

Exploring, Refining and “Optimizing” the Design Dlo

Directorate Integration Office

e Sensitivity-Based Methodology
m Provides Systematic Improvement = Tools and Methods

of Design Oth Order Analysis
Initial Design May Be Simple or Complex Flexibility in Analysis, Modeling
Provides Measure of Robustness / Risk Resolution
Automated Construction of System-
s Provides Insight Into the Design Level, Multiple Fault FMECA
Decisions (PARADyM)

Reward Models
Object Process Network (OPN)
Multi-Attribute Tradespace Exploration

Identifies Potential Problem Areas
Quantifies the Effects of Design Changes
Focuses Attention on Critical Areas

(MATE)
s Provides Well-Balanced Design FFBDs, DoDAF OV-5 (Operational
Distributes Component Contributions Activity Model)
Equitably Sensitivity-Based Analyses

Prevents Over-Design
Provides Stopping Criteria
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Exploration Systems Mission Directorate

Space Station Freedom Example IO

Directorate Integration Office

Using Sensitivity Analysis to Improve System Design

e Baseline design showed early Station Sensitivity for Baseline (MB-2) —— ooy
had 6.6% probability of losing control 10% > Propuision

. . . o - —%— PVM-string
(= lose Station) in each 3-month period :£ ;.| é —x— sy
between shuttle visits %% 8 | —=—acs
6%2'7 —*—PS-SCA

e Sensitivity analysis: ol —— sop
m  Exposes drivers that have significant impact on the 3% T
metric of interest

2% 1
= Provides a systematic approach for maximum 0% —— DM

1% T —>—ISA
benefit at minimum cost 0.5 X Nominal 2X
Change in ORU Failure Rate

—*—SsT

—&—TGU

Control Function (3 Months)

Probability of Loss of Attitude

—%—UuPS

10% T

55“ :: | /" e Each improvement driven by

ig o sensitivity analysis for maximum

;o o | — benefit at minimum cost

g ook AL LIl L 'Tl ==+ Loss of attitude control driven
o e e e e wmaw from 6.6% to 0.3% for less than
s PP e 0.1% of development cost
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Reliability Estimation with PARADyM

Building Markov Models from System Behavioral Analysis

PARADyM (Performance and
Reliability Analysis via Dynamic
Modeling) is Draper’s latest
system reliability evaluation
toolbox

= Built with the MATLAB®-Simulink®

family of products

PARADyM uses a behavioral
model of the system to evaluate
nominal and degraded
performance

= Allows for automated generation of
Markov models using a performance

) System Component
=) Layout & Interactions

] Model
..... :-i,
e N - E‘
BEER  Model Parsing &
]

— Execution Control
1__

AT | Fl o e ke o o). >

s b e ey e

Exploration Systems Mission Directorate

IO

Directorate Integration Office

Operational Timeline &
Performance Parameters

Nominal & Degraded
Performance

Sus Markov Model §
= | Assembly & Solution

based definition of what constitutesa ._,!E.:.,_ e ‘ ,
failed system state JE—— e, =.1 )=e‘<a * J
Reliability estimation enabled e e & -
through propagation of component : — —
failure rates in Markov model T Reliabllity Sensitivities
= Failure sensitivity analysis is used t0  w= T
find the components that drive =
system loss =% acl w |
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Exploration Systems Mission Directorate

Using Performance to Capture System LossilO

; *- r Directorate Integration Office

Determining Operational Status from Degraded Performance, not Minimum Equipment

e As the number of potential = 3 TR
system configurations grows, it
is necessary to utilize a
consistent technique to N . Tmammma e
determine operational status ™ i ik
= This can be done a priori (such as g _* i — s
aminimum equipment list) ora  §+ :| 1B Nwow L -
posteriori (modeling system =el £ I Descent and
performance metrics) PN —smmgmeson  g50r0ach to
e Performance modeling utilizes a * LI landing —
representative system 4 i W e e Markov
behavioral model that captures | i evaluation time
nominal and degraded , _
performance R B T S —
m  The user quantifies tolerance for  Kafer, G. C. “Space Shuttle Entry / Landing
System IOSS in termS Of Flight Control Design Description,” 1982. Response to

perturbation on
descent — behavioral
model evaluation time

performance metrics

e Using a behavioral model opens
up a range of new possibilities

= Direct simulation of multiple failure
modes per component 3
©

= Informed “push-back” on customer
requirements failure

= Automated generation of Failure occurs
Modes & Effects Analysis (FMEA)

Planned path
Nominal response (zero
failures)

__ Acceptable response to
simulated failure

___  System loss response to

simulated failure

time
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on Systems Mission Dire

DIO

Directorate Integration Office

Model Driven Lunar Habitat Avionics Design

PARADYM OVERVIEW

e iclaypool@draper.com Model Driven Lunar Habitat Avionics Design HHAFEH[.J

LABORATORY



PARADyM Overview DIQ

PARADyM is the Draper design improvement process and uses
as a tool the PARADyM software.

PARADyM is built with the MATLAB® and Simulink® family of
products
m These products are widely used and supported and have
excellent embedded functionality for systems analysis

The PARADyM software is a toolbox of custom MATLAB
functions, graphical user interfaces, and Simulink libraries,
which enable a process for concurrent reliability and degraded
performance analysis

How can PARADyM and reliability estimates be used to probe
the design of a system and indentify potential improvements?

m Lets look at a very simple model of a control system:

15
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Exploration Systems Mission Directorate

Simple Control System Model IO

bl
" ‘*‘ | y Directorate Integration Office

System Modeled in Simulink

e Inputis measured error
e Desired output is zero error

MeasuredError
Error CntrilCMDs
an 19, >
0 ————»() D int outt
Out1
Constant
In2

In1

PECEE RS ) coeicrps R ) resut ~1ol x|
SBELLL ABRRB A% |88 L0 ABRB| BT -~ GA|OCLL, ABE B A F -
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ems Mission Directorate

Simple Control System Model Dl -
With Addition of PARADyM Blocks Orecterets negrton Ot

e PARADyM Blocks added to the original system
s Failure Blocks & Performance Block

0 -—>

Constant

Eror
SBELLL ABRRB A% |88 L0 ABRB| BT -~ GA|OCLL, ABE B A F -

17

In1

\/

Sine Wave

Performance

In

1

Out1

Failures

—>CD d )—>j (D)
Out1 In1 Out1
In1 Out1

In2

Failures

L= =10/ x| DI (o)
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Exploration Systems Mission Directorate

Simple Control System Model SO

Ty p eS Of Fai I u res Directorate Integration Office

=) Function Block Parameters: Failures x|

e Failure blocks provide for a number of different |foueseemmsoon

This Failure block modifies an input signal ko simulate component Failure when used

- far reliability analysis with PARADYM. Lse only ane Failure block per subsyskemn,
fa I I u re m Od e S and do not modify its name {j.e. do name call it Failures1, etc.). Check the Failures
wou wish ko allow and the corresponding Failure rate per hour (the inverse of the
MTEF), Currently, this does NOT support symbolic or time-dependent, Failure rates

[ | An yth | N g th at can be Cod ed I N M AT L AB can Eia';laﬁrrea:og:ztisbgei ol .:crf.i?.; F\irlzllue). The distinction between the different
be injected as a failure

|7 Omission

¥ Full-scale deflaction

In1 | Gain change
Out1 | In1

In2 |V Eias

Actuator Performance ¥ Stuck at last value

vV

Sine Wave

Failure rate For omission

|1e5

L] L]

Error CntrICMDs Result f2e-5

0 ‘—p In1 Out1 -—> Value Far Full-scale deflection
Out1 I 1

Failure rate for Full-scale deflection

Constant Failures

Failure rate Far gain change

|5e-6

Factor For gain change
In1 Jos

Failure rate for bias

Failure Configuration for the Computer [1es

‘alue for bias

|2

Failure rate for stuck at last value

|1e5

oK Cancel | Help | Spply |
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Simple Control System Model DIO

Performance Evaluation O it iion s

e Performance blocks provide the metrics for
determining if a system is still operating at
acceptable |eve|S |n the face Of the =] sink Block Parameters: Performance x|

—Performance Metric Specification (mask) (link)

fa | I u re/fa | I u reS th at h ave bee n | nJ ected . This block saves the relevant performance metrics For reliabilicy evaluation using

PARADYM. The input should be whatewer signal is used For pass | Fail criteria
. . e when evaluating individual Markow states (i.e., roll rate, thruster chamber

| U p pe r a nd |OW€ r | | m |tS Ca n be S peC|f| ed pressure, etc.,). The steady transient checkbu::x allows ;:he user ko choose if &

transient will be used in evaluation. Generally, transient Failures allow looser

re | atlve to th e nNnom | n al SySte m pe rfo rmangce. | telerances. The upper and lower bounds for both should be in absolute allowed
deviation From the input signal. Multiple inputs can also be used, but should be put
inkto weckor Format using the Mux or Bus Creator to send the single singal into the

[ | Tra n Sle nt reS po nses Ca n a I SO be | | m |ted B Performance block, Inthis case, the absolute allowable deviation should be input

as a row veckor in the mask dialogue box,

—Parameters
|_> i [ Tramsient
p{in1 out1 Oout1 | In1
\Vi In2 Maximum allowable absolute deviation from steady skate, lower
Sine Wave Computer Actuator Performance IEI.S

Maximum allowable absoluke devistion From steady state, upper
L |1 1 1 05

Error CntrlCMDs Result Translent lsngth, sec
o5

Maximum allmmable absoluke devistion From transient, lower
1
Maximum allowable absolute deviation from transient, upper

[1

[ 4 Cancel | Help | Apply |
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Exploration Systems Mission Directorate

PARADyM Interfaces S0

M ai n Wi n d OW Directorate Integration Office

e The main PARADyM window is
used to input the parameters
which guide the automatic
generation of Markov states and
evaluation of overall system
reliability and performance

s How long is the system

required to be in operation? =iox]
. — PARADYM Inputs
u Over Wh at d u rat|0n are the | SimplecrtriExample Simulinklfmcud; name (omit mdl extension)
dynam |CS to be eval uated? | 2200 Mizzion time for salving Markoy maodel, hours
. . .. | 10 Evaluation time for solving dynamic simulation, seconds
A perIOd Of h Ig h SenSItIVIty : EI = Titme for failure injection in dynamic simulation, seconds
Steady State exampleResults File name for final repart (omit extension)
. v Truncate evsiugtion [~ 3 Truncation level S L
= When should the failures be P
i nJeCted ? Moclel testing interface | Sensitivity Analysis |
u After hOW many fall ure Ievels Fun PARADyR — EXEEUHIDI-I — Anal?sm\f‘iew detailed resuts |
should the evaluation be eliakility. far current system
Sto p ped P Unireliskility far currert systet
: TotEl| exesLtion time

e iclaypool@draper.com Model Driven Lunar Habitat Avionics Design I]“Ap[“

LABORATORY



PARADyM Interfaces DIO

£ *.:— h M O d eI Tes ti n g I n te rfaC e Directorate Integration Office

Dynamic Impact of Failures

e The model testing interface allows for stepping through individual failures.

m This can be used to troubleshoot and validate the modeling. o=
= Itis also informative in regard to the design being evaluated. Run Simulink Model | Model took 0.5151

Right click on component name for detailed path
[~ Actustor! -= amizsion

|-> In1 [ Actustar! = fullScale
P|In1 Out1 Out1 In1
\J In2 [T Actustor! -= gainChange
Sine Wave Computer Actuator Performance [ Actustors -= hiss
[ Actustors -= stuck
] ] ] [ Computer-= omizzion
[T Computer! -= fullScale
Error CntriCMDs Result & ”
System GOOd [ Computers -= gainChange

[T Computer! -= hias
[ Computers -= stuck

=101 x|

PETEEN i1
SEH OPO AHBE DA

&B oL L ABEE BA G

) Result
EXENENAN

Time offset: O
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PARADyM Interfaces DIO

£ *.:— h M O d eI Tes ti n g I n te rfaC e Directorate Integration Office

Dynamic Impact of Failures

e The model testing interface allows for stepping through individual failures.

m This can be used to troubleshoot and validate the modeling. o=
= Itis also informative in regard to the design being evaluated. S RUMShUINK Rl Model took 0,348

Right click on component name for detailed path
[~ Actustor! -= amizsion

|-> In1 [ Actustar! = fullScale
P|In1 Out1 Out1 In1
\J In2 [T Actustor! -= gainChange
Sine Wave Computer Actuator Performance [ Actustors -= hiss
[ Actustors -= stuck
] ] ] [+ Computer-= omizzion
[T | Computend -+ fullZcals
Error CntriCMDs Result & 1 ”»
System Fa | Ied [T Computer-= qainChane

[T | Computend -= bigs
[T Computer-= stuck

=101 x|

I i x]
SEH OPO AHBE DA

SHCLL HAEE B AT

) result
SBE|LCL Q|4

Time offset: O
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PARADyM Interfaces DIO

£ *.:— h M O d eI Tes ti n g I n te rfaC e Directorate Integration Office

Dynamic Impact of Failures

e The model testing interface allows for stepping through individual failures.

= This can be used to troubleshoot and validate the modeling. =T
= Itis also informative in regard to the design being evaluated. S RUNShUINK Rt Model took 0.3477
e PARADyM automates this process. ety e e SR
|->|n1 [ Actustar! = fullScale
| \/ P|In1 Out1 2 Out1 In1 I_ Actustor! -» gsinChange
Sine Wave Computer Actuator Performance I_ A ctuator! -= hias
[ Actustors -= stuck
_>|:| ] ] [T Computer-= arission
- [T | Computend -+ fullZcals
Errer CnieMbs Result System ? [ Computeri -= gainChange

[T | Computend -= bigs
[T Computer-= stuck

=101 x|

I i x]
SEH OPO AHBE DA

SHCLL HAEE B AT

) result
SBE|LCL Q|4

Time offset: O
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Exploration Systems Mission Directorate

PARADyM Output IO

Directorate Integration Office

) simpleCntrlExample: Sensitivity Plot o ] 3
Zoom Contral N

e Results include
m system reliability/unreliability

= Interactive graphical summary of
good and failed dynamic states

= Sensitivity analysis showing
variation in system reliability due to
a 1% change in component
reliability.

ActuatorffullScale

ComputerffullScale

Actuator/stuck

Actuatorfhias

Computer/stuck

) paradymResults {0 ] 1
System Reliahilty by Failure Level Interactive Metrics Histogram
Failure Lewvel Relishility System Loss # States Computerfbias
0 0.7550561 0 1 0.1
1 0.009179507 02051737 10
2 5367012e-005 00005367012 3 008 s
ab=zorbing a 1.5324106e-017 1 '
total: LB 0.7942896 02057104 17
total: UE 0.7942896 02057104 b 0.06 Actuator/gainChange
=
- System Metrics and Plotting—————————— =
Metric LE(SS)  UE(SS)  LB(Tr)  UB(Tr)  Plot? 7
metric 0.5 0.5 0.5 0.5 i @ 004 CornputeriyainChange
|7 Omit nominal state from plat Refrezh Plot |
[~ Freguency data on log scale Enlarge Plot | 0.0z
] : I 1 1 1 1 1 1 1 |
[0 #of histogram bins 0 005 001 001G 002 0025 003 003 004 0045
ACcuracy
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Model Driven Lunar Habitat Avionics Design

LSS HABITAT MODEL
DEVELOPMENT PROCESS
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Exploration Systems Mission Directorate

Habitation Model Origin DIQ

e NASA had high level schematics of the habitat primary systems

. . Filename: | corehab-avionics_20090108[1].vsd
| Cé&DI I Habitat Systems C&DH (Page-1) Configuration ID: 146,1,2 Dot J132008
ate:
Page: 10f5
s Power - —————1
{ CSA)
1
E L S N icaasn s I
| | ( : Headset & VFBs | |
Charger S |
— ROUTER Antenna Electronics ]
Pressure PIS NS Water |
Control SMI_|—— | Management | |
System Mass ]
Store |
BIU-1 PIS 1
g SWT | ]
I :
! I
ensors ]
Valves
Actuators BCMU-1A| |
- SMT ]
CTRL
= PIS C3IRTR |
3188 S |
3 Switch <DR |
3 | Switch |
C8W integrated (toral —— — \I 2wy | Sutch ]
| Cameras DAU |
| | DIo —_—————— e =/
I = |
P
Legend:
Data Buses
Gigabit Ethernet
Don't know
—~5— Wireless
wiBl_| g, Crew Workstation Coolin
Wik |V o oreeen s 9
DAU ! 2 )
s 36 { Display s Red outline
2 PIS D&C-1A
£ ST H/Cl Keypad |H/C Criticality
— SBC
ol_LHeeREREg=RRR PIC CRIT1  Yellow Fill
SEEEGolololopolooloblbE) PIS
2 oREEEERE R TR pld
4 444 Valves Crew Workstation Non-CRIT  Green Fill
Actuators
Display . )
[ Bus redundant for fault-masking.
o D&C-1B
8Lk RES o =L chl e |H/C Wireless Acronyms:
a'mt%\’%r‘%r‘h’ EEER99 PIC Headset &
Porch Camera B[Pl ejecierocer oo ofov v SWITCH PIS Charger BCMU: Battery Charge and Monitor Unit
Switch CSA: Common Services Assembly
- CUP: Crew Utilty Panel
External = Switch DIO: Distributed /0
Cameras ZS DR: Data Recorder
Air EAIP: EVA Air Lock Panel
[ — Revitalization swircH | NS: Network Server
OC: Operations Computer
BIU-3 Switch TIED 4 P/S: Power Supply
< [_smi = SV 2= loloolEE] 291818191% PIC: Peripheral Interface Card
RFID-R GIRD SEEEREES 3551555 RMU: Redundancy Management Unit
ADRV PS | B 2P 44 i alialia] =] SMI: System Management Interface
Dgll,:'f a SPKR: Speaker
SOATA WIR: Wireless Instrumentation Receiver
zay Xevr: Transceiver
Xponder: Transponder

S)
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Exploration Systems Mission Directorate

Habitation Model Origin DIQ

e NASA had high level schematics of the habitat primary systems

= C&DH Initial Core Habitat C&DH (Page-1) ‘ Configuration ID: 146,1,2 Filename: | corehab-avionics _20090108(1}vsd
Date: 2/13/12009
Page: 10f5

= Power

= ECLS

BCMU-
1A
Emergency g
SMI
Battery X P ™
kwhy CTRL PSU-1A PSU-2A

PIS

PDU-1A
SMI

CTRL
RPC
RPC
RLY(IO)|——
RLY(IN)

L [[RIV(N)

Feed side A power
supply (P/S) inputs

To loads
el
T
19
(=l
To loads

Bulkhead Connector

DDCU-1A

2
&
L]

9|
Pl
b
12
(=

Feed side B power
supply (P/S) inputs

[elfe}felle]
To loads
Pl
bl
9
(=]
To loads

|
f

E
N
&
B
bl
Ie]
N
&5

i

0|
o)fe]
NN

EEEEEEEEEEEE
3

BE
3

o

ESe
3

o
<]
Tolglolo|e
Slo[o[o| =
El
<
1212

= olololo|c

Eolslteltele]
B

BCMU-

Emergency 15‘:/"
Battery |- SM-
(5KWh) Al

Acronyms:

BCMU: Battery Charge and Monitor Unit
CTRL: Controller

DDCU: D/C to DIC Converter Unit

PIS: Power Supply

PDU: Power Distribution Unit

PSU: Power Switching Unit

RPC: Remote Power Controller

SMI: System Management Interface
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Exploration Systems Mission Directorate

IO

Habitation Model Origin B

e NASA had high level schematics of the habitat primary systems

. " . Filename: | corehab-avionics_20090108[1].vsd
u C&D H Habitat Systems C&DH (Page-1) Configuration ID: 146,1,2
Date: 2/13/2009
P Page: 10f5
v
u OWe r Pressure Control System Water Management
ePSU ———  Digital
ECLS
BIU-1 ——————  Anal
. SMI 02 Solenoid naes
WiFT Valve (Outside*) Bi-Level
DAU PIS
poutr | Potable ——————————— Power
DN [— Water
SDATA Storage
/5 Heater
T Sensor

N2 Solenoid
Valve

Waste Management
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Exploration Systems Mission Directorate

Habitation Model Development IO

Directorate Integration Office

e Draper started by creating a functional diagram that represented how we
interpreted the schematics with emphasis on what one component was

passing (information, power, commands) to another.
Lunar Habitat Functional Diagram

All Interfaces Overview
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Habitation Model Development

Exploration Systems Mission Directorate

IO

Directorate Integration Office

We iterated on this diagram with NASA until it was clear we had accurately
understood the intent of the design.

The process of developing this diagram helped all parties better understand

the system interactions.

Lunar Habitat Functional Diagram
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Exploration Systems Mission Directorate

Habitat Model Development DIQ

e From this functional diagram and the schematics we created a

Simulink model of the separate systems:
= Power
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—»|PSU2in [PSUTRPCT]
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Exploration Systems Mission Directorate

Habitat Model Development DJQ

e From this functional diagram and the schematics we created a
Simulink model of the separate systems:

= C&DH
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Exploration Systems Mission Directorate

Habitat Model Development IO

Th e Wh O I e Th i n Directorate Integration Office
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on Systems Mission Dire

Habitat Model Development DIO

Benefits Directorate Integra

e The full Simulink model of the Habitat system represents the
first time that the entire system was assembled and run
together.

m It showed that there was a flow of data, power and
commands through the system.

= It highlighted some single point failure sources.
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Habitat Model Function

Exploration Systems Mission Directorate

IO

Directorate Integration Office

e The input to the entire system are
constant “1”s representing power from the
solar panels and a square wave
representing data and commands
generated at the Operational Computers.

e Total model function is reduced to a
single output through a “Criticality
Evaluator”.
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on Systems Mission Dire

Failure Rates Dlo

Directorate Integra

e Failure rates were provided by NASA down to the component
level.
s Based on previous experience (Shuttle, ISS, etc.)
e Most of these component failure rates were aggregated at the
unit level.

= Individual component failures can be explored, however this
leads to a state explosion that can be difficult to deal with

computationally.
= Most unit level failures can be treated serially.

Any component failing within a unit is probably going to
lead to total unit failure.

& iclaypool@draper.com Model Driven Lunar Habitat Avionics Design I]“Ap[“r.\

LABORA‘I'OHV



Model Driven Lunar Habitat Avionics Design

PRELIMINARY RESULTS
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Testing the Model Dlo

e Evaluate the model down to the Bus Interface Unit (BIU) level with
fixed uniform failure rates for Omission only.

s Provides sanity check
= |dentifies single point failures to the Life Support and
Communications Systems
= Allows for a high level check of the system architecture
Where are the possible bottle-necks?
What are the possible principle drivers for system reliability?
e Examine model down to the BIU level with actual failure rates.
= Allows for quick examination of alternatives

e Full model reliability assessment pending better definition of what
components are required for successful system operation.
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PARADyM Results

Uniform Failure Rate Results Down to BIU Level

e With failure rates for all units set to
1e-5 (10000 hr MTBF) the overall
Habitat Avionics reliability comes
out between 0.8756 and 0.8929.

The assumed 1e-5 failure rate is a
relatively high rate chosen to
stress the system model

) paradymResults

) paradym

DIO

Directorate Integration Office

=101 %]

PARADYM Inputs
Simulink model name (omit mdl extension)

| L=5_Hab_Combingd

| 2200 Mis=ion time for salving Markoy model, hours
| 20 Ewaluation time for salving dynamic simulation, seconds
: | = = Titme for failure injection in dynamic simulation, seconcds
habResults File name far final repart (omit extension)

[+ Truncate evaluation

| 3 Truncation lesel

Save as defaul |

model Litiities

Pt ) 1 Pt T LY e T

hadel testing interface

Model Execution and Analysis

Fun PARADyh | “iewr detailed results

Reliakilty for the current system is bounded between 08756172 and 08929353
Unreliskility for the currert system is bounded between 0.1 243828 and 0.107061 2
757 states took BEE seconds to evaluste

o
possible states are still
functioning after two
failures as not.

System Relisbility by Failure Level Irteractive Metrics Histe
Failure Level Reliability System Loss # States
] 0516549 ] 1 0.4 1
1 02574245 0.08052516 30
2 0.07134371 0.026:53602 725 L=
absorbing 0 0017321587 1 03
tatal LB 08756172 0.1243525 757
total LB 08929368 01070612 = 0.25
System Metrics and Plotting § oz
Metric LBrSS)  UBGSS)  LB(Tr)  UBCTr)  Plot? =
metric (1] (1] (1] 0.5 (o I 015
[v Omit nominal state from plot Refresh Plot |
[~ Freguency dsta on log scale Enlaroe Plot | 0
[ 10 #of histogram bins 005
0 -
-2 -1 a 1 2
Accuracy

More than twice as many
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Exploration Systems Mission Directorate

Sensitivity Analysis IO

T
" -*' Directorate Integration Office

Uniform Failure Rate Results Down to BIU Level

e Sensitivity analysis shows that

there is an architectural
weakness at the Bus Interface —
Units (BIUs) and Switch 3. ot ‘

DDCU1B/amissian

= |n this example the model e S
evaluator is treating the loss S
of any BIU as the loss of its R
attached System. s

s Switch 3 is the only one that is e
tied to BIU3. e

C3]_RTR2fomission
C3I_RTR1/omission

| | | | |
o 0.005 0.01 0.015 0.02 0.025
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Exploration Systems Mission Directorate

_ Example Analysis DO
SR Using the Model to Improve the Design Dl vis-om Oice

Uniform Failure Rate Results Down to BIU Level

e A very quick and easy way to use the model and PARADyM is
to evaluate the improvement in overall system reliability that can
be obtained through the use of higher quality components.

e If the failure rates of the SPF sources (Switch 3 & BIUs) is
improved from 1e-5 to 1e-6 the overall system reliability bounds
go from 87.6%-89.3% to 96.7%-98.2%.

I xd

PARADYM Inputs
| LS5 _Hah_Combined Simulink model name Camit mdl extension)

| 2200 Miz=ion time for zolving Markoy model, hours

| 20 Ewaluation time far salving dynamic simulation, seconds

= = - Time for failure injection in dynamic simulation, seconds

habResults File name for final repart (omit extension)
[ Truncate evalustion [~ 3 Truncation level Save as defautt |

kel Litilities
Model testing irterface | Sensitivity Analysis |

Model Execution and Analysis
Bl ARt | “ieny detsiled resuts |

Reliahility for the currert system iz bounded between 0.9667.394 and 09323615

Unreliakilty far the current system is bounded betvween 003326061 and 0.01763516
757 states took Y62 seconds to evaluste
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Exploration Systems Mission Directorate

Example Analysis Continued IO

bl
" -*' y Directorate Integration Office

Uniform Failure Rate Results

) L5S_Hab_Combined: Sensitivity Plot

Zoom Contral

e Note that the revised Sensitivity
Analysis now shows the BIUs and SH—

Emergency_BatteryB/omission

Switch 3 much lower on the s

ECMU1B/omission

Emergency_BatteryAfomission

sensitivity scale. st

BChU1Afomission

s EPS components now drive o
the overall reliability. e

PSWUAfomission
QCZ/omissian
MS/omissian
C3I_RTRZfomission
PEU2Afomission
C3I_RTR1/omission

PSU1B/omission
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Explorat 5 Mission Directorate

Syste

Core C&DH and EPS with Actual Failure Rategdl

Directorate Integration Office

Down to Bus Interface Unit Level

e Analysis of the entire model, but
with Life Support Systems and
Communications treated as units
with one failure block each.

e Failure rates from ISS/Shuttle
experience

e System reliability between 0.93 and

) paradymResults

Interactive Metrics Histogram

System Reliabilty by Failure Level

) paradym

=101 |

PaRADyM Inputs

| LS5 _Hab_FailureLlimited Simulink model name {omit .mdl extenszion)
| 2200 Mizsion time for solving Markoy model, hours
| 10 Evaluation time for solving dynamic simulation, seconds
- gl - Titme far failure injection in dynamic simulation, seconds
exampleResults File name faor final report (amit extension)
[V Truncste evaluston [~ &  Truncation level Save as defautt_|

Model Liilities

Model testing interface | Sensitivity Analysis |

Model Execution and Analysis

Fun PARADYM “iew detailed results |
Relighility for the currert system is bounded between 09260581 and 0945259
Unreliakility for the current syatem is bounded between 007331188 and 0.05174102

737 states took ¥O2 seconds to evaluate

Failure Level Reliahility System Loss # States
] 05079306 0 1 0.45 -
1 0.3246174 0.036755594 30 0.4
2 0.09354011 0.01495508 725
ahzarhing 0 002217086 1 0.35
total: LE 092605851 0.07391188 7ar 03
total: LB 0.945259 0.03174102 =
2 025
- SystemMetriczand Plotting &
etric LE(=S) UE'SS) LE(Tr) UB(Tr)  Plot? T 02
metric 0.5 0.5 0.5 0.5 > i
[ it nominal state from plot Refresh Plot | 018
[~ Frequency data on log scale Enlarge Plot | 01
[ 10 #of histogram bing 0.05
N
-2 -1 0 2
Accuracy
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Exploration Systems Mission Directorate

) Preliminary Analysis IO

Directorate Integration Office

Core C&DH and EPS with Actual Failure Rates

e Sensitivity Plot shows that the

reliability of Switch 3 is driving S
over system reliability. i
m This is still the only e
connection to BIU3. i

m [he other switches and oo
the BlUs themselves, e
have much lower failure
rates and so the design is
less sensitive to changes e

in their failure rates.
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Preliminary Analysis

Exploration Systems Missior

irectorate

IO

Directorate Integration Office

Core C&DH and EPS with Actual Failure Rates

The model was modified to examine

o
the impact of an additional input
source to BIU3 on overall reliability.
= |In addition to Switch 3, Switch 4
was used as an input for BIU3.
e This resulted in system reliability

between 0.96 and 0.98

) paradym

PARADYM Inputs

=10l x|

| LSS_Hab_FailureLimited Simulink model name (omit .mdl extension)

| 2200 Mizzion time for solving hMarkoy model, hours
| 10 Evaluation time for salving dynamic simulstion, seconds
: S_I - Time for failure injection in dynamic simulstion, seconds
exampleResults File name far final report (omit extension)
[¥ Truncate evalustion [~ 3 Truncation level Save a3 defautt |
Model Liilities

Moclel testing irterface | Senstivity Analysis

Moclel Execution and Analysis

Run PARLDyh v detEllEn Fest

Reliability for the current system is bounded betwween 0.958561 and 09352662
Urreliakility for the currert system iz bounded between 0.041433904 and 0.01673383
786 states took 1 .02e+003 zeconds to evaluste

JSTeE
System Reliabilty by Failure Level Interactive hetrics Histogram
Failure Level Reliability System Loss # States
a 05073306 1] 1 0.a b
1 03462894 0.006392333 30
2 0104331 0010341449 754
abzorhing a 0.02470522 1 O
total: LE 0955561 0.04143904 786
tatal LB 09532662 001673383 = 03
Syatem Metrics and Plotting §
hiletric LE(SS) UB(SS) LE(Tr)  UB(Tr)  Plot? =
metric] 0.3 0.3 03 ns [ w 02
v Omit nominsl state from plot Refresh Plot |
[~ Freguency dats on log scale Enlarge Plot | 0.1
[ 70 #of histogram hinz
] |
-1.5 -1 0.5 1] 0.5 1 1.4
Accuracy
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Exploration Systems Mission Directorate

Preliminary Analysis Dlo

il
" -*' y Directorate Integration Office

Core C&DH and EPS with Actual Failure Rates

e For the revised architecture

test case the sensitivity o
analysis shows that Switch 3 SWTETZZ:??ZZE

IS now on a par with the other sutcrasmosa |
SWitCheS and the EPS PDU1Bfamission

hardware in terms of impact e
on overall reliability s

e This shows how we use the v
model and PARADyM to oot
probe and improve the san
design. i

C3I_RTR1/amission
©3]_RTR2/omission ]
Emergency_Batter yA/omission I
Emergency_BatteryBiomission I
BCMU1 Bfamission ]
BCMU1 Adomission |
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on Systems Mission Dire

Main Systems Modeling Dlo

Directorate Integra

e All of the main systems have been modeled.

m There are issues related to the number of solenoid valves,
their reliability, and how many are actually required for
successful function of the Air Revitalization System.

s Currently in the process of working through these in
discussion with NASA to close on this part of the model.

= Not able to generate a realistic reliability number for these
systems or the full model until we close on this.
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Summary DIO

Directorate Integra

e NASA and Draper are using a systematic model driven process
for evaluating the Lunar Habitat Avionics

m This process makes use of automated tools which use the
sensitivity of the system to changes in component reliability
to probe the design look for opportunities for optimization.

s Can be used to systematically evaluate options for future
improvements and technology investments.

e This effort has already pointed out ways to improve the design
and increase system reliability.

= |dentified and are in the process of removing single point
failure sources.

e Next step is to apply this methodology to the LER.

iclaypool@draper.com Model Driven Lunar Habitat Avionics Design I]“Ap[“r.\

LABORA‘I'OHV



Contacts Dlo

Directorate Integra

e John West, LSS Avionics Modeling Program Manager, C. S.
Draper Laboratory, jwest@draper.com

e lan Claypool PhD., LSS Modeling Technical Director, C. S.
Draper Laboratory, iclaypool@draper.com

e Nick Borer PhD., System Design Engineer, C. S. Draper
Laboratory, nborer@draper.com

e Ryan Odegard, Mission Design Staff Engineer, C. S. Draper
Laboratory, rodegard@draper.com
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Solving Markov Models: Analytical Approach Dlo

e Steps to solving a Markov
model:

Enumerate all of the
possible states in the
model

Quantify the failure rates of —1-_(a+b)Rt)
the individual components dt '

Create a system of dP,
differential equations to dt
describe the change of the M
probability of being in a

given state with time

Quantify the system life R(t)=e

Solve the systems of P,(t)=e™ —e @
equations to find the M

probabilities of being in any

one state
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LSS Habitat Modeling Effort
From Task 270 Mod 1 SOW Q!Q

e The cost-effective development of human space exploration
systems that are highly-reliable, yet conform to strict mass and
power constraints, requires a highly integrated systems
engineering and design process.

= This process relies on an understanding of the complex inter-
connectivity and functional inter-dependency between
subsystems

m There is great value in constructing comprehensive
functional system models and simulating overall system
behavior in response to configuration changes and
anomalies originating from either component failures or
environmental variation.
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Exploration Systems Mission Directorate

LSS Habitat Modeling Effort
From Task 270 Mod 1 SOW Dm!oc,ﬁ

e One particular area of interest is the set of trade-offs between rad-hardened/space-
qualified vs. COTS electronic components.

m Robust performance can be achieved with highly reliable components
specifically designed for deployment in harsh operating environments.

There are significant impacts to incorporating such components.

Bearing the full burden of acquiring hardware with limited, niche applications

Current high reliability electronics technology lags commercial technology by

nearly a decade

e Alternatively, it may be possible for reliability requirements to be met with

commercial components, assuming the use of more advanced architectures
employing synchronized redundancy and voting algorithms to prevent failures from
adversely affecting mission performance.

m This approach has the potential to alleviate the impacts of using Space
Qualified components, without giving up computing capability.
If such architectures were capable of dynamically re-tasking network
processors for non-critical tasks when not needed for system redundancy,

there is the potential to increase computing resources for science
applications.
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LSS Habitat Modelin 0 Effort
From Task 270 Mod 1 SOW Q!Q

e NASA and Draper’s Objective: Develop a systems model of the lunar habitat.

e Draper is developing a model to be used to evaluate the lunar habitat integrated
systems, including avionics, environmental control and life support (ECLS), thermal
management, and power.

m Using the latest conceptual design data available from NASA’s Lunar Surface
System Project,

e NASA and Draper will use the model in conjunction with Draper's PARADyM tool
to analyze and evaluate system-level fault-tolerance and sensitivities to the
reliabilities of various components (i.e. computers, sensors, O2 scrubbers, etc.)

s The model and evaluation will be used to make recommendations for changes.
Design Optimization
m The habitation model will be comprised of a single habitation element, the
“core hab”, for the purposes of modeling.
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Simple Markov Modeling Example IO

Directorate Integration Office

e Consider a single monopropellant thruster with only “omission”
type failures (failure means fluid, etc. does not propagate)

e Failure rate = 1/MTBF (mean time between failures) = a, b, or c

dP, B
i ﬂ dt - (a b C)Pl(t) Pl(t) _ e—(a+b+c)t

- e © 5=\ ro-weeo

i a at S0 —(a+b+c)t

| %sz(t) P,(t)=be
x e = b b a dt P, (t)=ce (@)
: e _en )

C : Failure dt

Can find probability of being in any failure
a configuration for any system life t
Probability of system loss = 2(system loss states)
Blue indicates operational state
Red indicates system loss

rate =c

Reliability = Z(operational states)
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Example Part Il: Markov State Explosion QO

Directorate Integration Office

e When redundancy is added, the number of states to evaluate

increases dramaticall
y 0 FL 1FL 2 FL

Failure ° It quickly
PrO tank rate = a becomeS
necessary to
Failure automate
rates = b construction of
° and solution to
Failure the Markov

rate =c
@ model!
Blue indicates operational state
Red indicates system loss
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Solving Markov Models 1I: Numerical Approachlo

It is relatively straightforward to
automatically generate a Markov

model and calculate the solution — (a + b) 0 0 A
to large systems of ODEs
) a —-b A
m Create a state transition A =
matrix b 0 -a A
= Numerically solve ODEs by
stepping in time from initial _ M M MO i

condition (usually from the

nominal state) dP(t)
State explosion for large models ——t = AP(t)
is still a problem dt

m Truncation of Markov model
(only build to nt" failure level)

s Aggregation of individual
states

P(t + At)= (I + AAt)P(t)
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System Failure Sensitivity

What Components Drive the System Loss Probability?

Exploration Systems Mission Directorate

IO

Directorate Integration Office

Comparing reliability numbers across candidate architectures

provides little insight into how to best design or improve an

existing design

Instead, the component failure rates can be used to probe the

design to determine the area of the architecture that causes the
greatest change in system reliability

) thrusterEx: Sensitivity Plok

Zoorm Conkral

=10l x|

valvelomission

chambetfomission

tankfomission

J thrusterExZ: Sensitivity Plok O] x|
Zoom Cankrol u
chamberfomission
tankfomission
valveformission
valvelformission
0 0.5 1 15 2
-3
# 10

Change in reliability with 1% change in MTBF
for redundant-valve thruster design

Change in reliability with 1% change in MTBF
for single-valve thruster design
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PARADyM Interfaces

Model Testing Interface

on Directorate

e The model testing interface allows for stepping through individual failures.

= This can be used to troubleshoot and validate the modeling.
= Itis also informative in regard to the design being evaluated.

|—> In1
P|In1 Out1 Out1 1 In1
\/ In2
Sine Wave Computer Actuator Performance
Ly ] ] ]
Error CntrICMDs Result

eror =lof ]
SEH OPO AHBE DA

) CntrlCMDs =1o] x|
G0 LP ABE DA T -

Time offset: O

) modelTesk

o o o i I

Right click on component name for detailed path

[~ Actustor! -= amizsion
[ Actustor! -= fullScale
[ Actustor! -= gainChance
[ Actustors -= hiss

[ Actustors -= stuck

[T Computer-= arission
v Computer! -= fullScale
[T Computer-= qainChane
[T | Computend -= bigs

[T Computer-= stuck

DIO

Directorate Integration Office

hodel took 0.4745

=101 %]

) result
SBE|LCL Q|4
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PARADyM Interfaces

Model Testing Interface

on Directorate

e The model testing interface allows for stepping through individual failures.

= This can be used to troubleshoot and validate the modeling.
= Itis also informative in regard to the design being evaluated.

|—> In1
P|In1 Out1 Out1 1 In1
\/ In2
Sine Wave Computer Actuator Performance
Ly ] ] ]
Error CntrICMDs Result

eror =lof ]
SEH OPO AHBE DA

) CntrlCMDs

SHCLL HAEE B AT

=101 x|

Time offset: O

) modelTesk

o o o i I

Right click on component name for detailed path

[~ Actustor! -= amizsion
[ Actustor! -= fullScale
[ Actustor! -= gainChance
[ Actustors -= hiss

[ Actustors -= stuck

[T Computer-= arission
[T | Computend -+ fullZcals
[T Computer-= qainChane
v Computer! -= hias

[T Computer-= stuck

DIO

Directorate Integration Office

hodel took 03421

=101 %]

) result
SBE|LCL Q|4

iclaypool@draper.com

Model Driven Lunar Habitat Avionics Design

RAPR®)

LABORATORY



PARADyYM Interfaces Dlo

on Directorate

Model Testing Interface Diectarse nmorsion Offc

e The model testing interface allows for stepping through individual failures.

= This can be used to troubleshoot and validate the modeling. 1ol x]
= Itis also informative in regard to the design being evaluated. CRUNSUIK M| Model took 03579
Right click on component name for detailed path
[~ Actustor! -= amizsion
|->|n1 [ Actustar! = fullScale
\J > o In2 o] " [ Actustor! -= gainChance
Sine Wave Computer Actuator Performance [ Actustors -= hiss
[ Actustors -= stuck
_>|:| ] ] [T Computer-= arission
[T | Computend -+ fullZcals
Error CntrlCMDs Result

eror =lof ]
SEH OPO AHBE DA

=101 ]
SHCLL HAEE B AT

Time offset: O

[T Computer-= qainChane
[T | Computend -= bigs
[ Computers -= stuck

) result
SBE|LCL Q|4
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Exploration Systems Mission Directorate

Habitat Model Development DIQ

e From this functional diagram and the schematics we created a

Simulink model of the separate systems:
= Air Revitalization System — In Development

Powerln Powerln
PowerOut PowerOut +—— P |DigitalDataln O
CO2Power » | Datain 0O2Power | Dataln r »
ePsSU3 ePSU4 O2Genreator = ]
4 ¢ ¢ 2Funct|on
I
P |DigitalDataln CO2Remov ed1 > |DigitalDataln CO2Remov ed2 P |DigitalDataln O2Compressed
CO2RemovalPrime CO2RemovalSecondary —‘ 0O2Compressor
n T
7 P |DigitalDataln  CO2Reduced CO2Function » [pigitalDataln Tcet
»
BlU-3AnalogDataln - BlU-4DigitalDataln
CO2Reduction TCCPrimary
T L |DigitaiDataln ~ 02_1 J'll CCF””C‘“’"
P [DigitalDataln CO2Remov edE » |pigitaiDatain Tcc2
0O2Sensor1
CO2RemovalEmergency J TCCEmergency

C} { ‘ > |DigitalDataln ~ 02_2
BIU-3BilevelDataln nalogDatz L» 3 2 ;
AnalogDataln Fant | AnalogDataln Fan2 02Sensor2 T ensorFunctlon
P (DigitalDataln | DigitalDataln »[pigitaiDataln Amon }—
IMVFan1 IMVFan2
@ AtmosphereMon
BIU3IMVFunction 8

BlU-4AnalogDataln
Valvel 4 Valve2 L; AnalogDataln AnalogDataln
P>|BilevelDataln Lpp|BilevelDataln

BIU-3DigitalDataln Bilev elDataOutip - Bilev elDataOut-jpr -

Fai
DigitalDataln P (DigitalDataln
IMVValve1 IMVValve2 TMVEan3 TMVEana

A4

IU4IMV Function

BlU-4BilevelDataln
Valve3 —, Valve4

| P>|BilevelDataln P> |BilevelDataln
BIU-3BilevelDataOut Bilev elDataOut-fpg—— Bilev elDataOut§p

IMVValve3 IMVValve4

»( 7

BlU-4BilevelDataOut
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Exploration Systems Mission Directorate

Habitat Model Development DIQ

e From this functional diagram and the schematics we created a
Simulink model of the separate systems:

m Pressure Control System — In Development

—»|Analogin Function »( 3
N2FlowMeterFunction
N2FlowMeter
P>|Analogin Function
O2FlowMeter1 =; :
O2FlowMeterFunction
1 P>|Analog Function
BIU1Analoglin
O2FlowMeter2
P>|Analog Function |
HSPressureXDCRFunction
HighSidePressure TransducerX3
P>|Analog Function »( 7
LSPressureXDCRFunction
LowSidePressureTransducerX2
Function »( 4
-
P-|Bileveln Bilev elOutlp 02SolenoidValveFunction
02SolenoidValveX17
2 >
BIUTBiTevelIn > ’—>
Function BilevelOut
P>|Bilevelin
Bilev elOutjp-g
N2SolenoidValveX11 »( 5

N2SolenoidValveFunction
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Habitat Model Development

Exploration Systems Mission Directorate

IO

Directorate Integration Office

e From this functional diagram and the schematics we created a
Simulink model of the separate systems:

s Water Management System — In Development

»

Powerln

BlU2DigitalDataln

L
PowerOutToFireDetection
P> Powerin
o PowerOut > b PotableWaterHeater
P Dataln 6
ePSU2 v
£ 5
5 £ O
e *
S ]
\ 4 g <é IT_Sensol
w 2
P |BlU2DigitalDataln WasteWaterStorageFunction % g‘
z 7
I v
WasteWaterStorageTank ? s
A\ 4 -
I BIU_AnalogOut
v I
n
—————P|BlU2DigitalDatalnWasteWaterRecov ery Function
=1 PotableWaterStorage
WasteWaterRecovery Q
L
g
5
w
5}
i)
=
»
»

PotableWaterFunction

»

>
WastewaterStorageFunction

»

»
WastewaterRecoveryFunction

»

|

DigitalOutToWasteManagement

»

Lad
DigitalOutToFireDetection
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Exploration Systems Mission Directorate

Habitat Model Development DIQ

e From this functional diagram and the schematics we created a
Simulink model of the separate systems:

m Fire Detection & Suppression System — In Development

D, v

Powerln
FrsbetFunc i{D—»
irepet unction §
FireDetFunction
BiIeveIDataOut-r'—

FireDetector1

I /

FireDet2Function

BiIeveIDataOul-r :
FireDetector2 rl BlU4BilevelOut

BiIeveIOut—#.
SuppressantFunction }
N2FixedSuppressantDistribution SuppressantFunction
I
2 P|BlU2Digitalln  CGAFunction »( 2
BlU2Digitalln BlU2DigitalOut

CombustionGasAnalyzer

—>()
CGAFunction
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Exploration Systems Mission Directorate

Habitat Model Development DIQ

e From this functional diagram and the schematics we created a

Simulink model of the separate systems:
= Communication System — In Developmen

nable
T > an)
802.16In ;D_B:ZtOSBand

2>
KaBandIn
— KABandOut

OC1Digitalln

1

802.16PWR l
Il

OC2Digitalln
3 In1 Out1
802.16Ethemet RTR1Digitalln
802.16Xcvr
2
KaBandPWR ¢
Il L pr807T6M
In1 Out1
KaBandEthemet _|—> KaBandin ~ SBandOut ———pp|In1 Outl +——Pp
KaBand ———p|oc1Digitalin SBandAnt SBandFunction
) ——»{OC2Digtaln pangout —— pplint ot f——p
OC1Digital RTR1Digitalln ' KaBandAnt KaBandFunction
AntennaElectronics
OC2Digital
.,
RTR1
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Exploration Systems Mission Directorate

Habitat Model Development DIQ

e From this functional diagram and the schematics we created a
Simulink model of the separate systems:

s Waste Management System — In Development
PARADyM failure blocks are embedded in most subsystems

at the unit level

boolean {—pp|in1 Out1 }
BlU2Digitalln WasteManagementFunction
Data Type Conversion Failures
— (%)
BIU2DigitalOut
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