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What is MRAP? Mission Risk Assessment

analysis:

Violation Explanations explain
how certain Element Behavior
violates the Performance
Constraint being analyzed.

Element Behavior

(A)

Element Behaviors
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Element Behaviors
~7 (B) and [(D) or (E)]

Element
Behavior (E)

Element
Behavior (D)

System Model IMCE PRA scripts

Europa’s MBSE infrastructure + IMCE’s PRA script development =
unique opportunity to pursue a novel approach to performing PRAs
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Consequence

Probabilistic Risk Assessment (7)(8)



MBSE PRA Process

Develop foundational capability to perform Probabilistic Risk
Assessments (PRAs) from a System Model

/ Design Capture MOde|: Causa' \ Unab\etoprovidetightptl:inting
dependencies, state machine

(<0.5 degree control)

GNC Subsystem

F—— ﬁ Reliability SME

| [r Fal 1} [“ EL 2} [" H 3} Provides reliability
parameters 1

— > =—
100

l

Mathematica

/

CE 1: Component 1 failure cE2: CEa: T

causes loss of loose causes loss of moderate causes loss of tight
ointing pointing pointing

Unable to provide moderate pointing
(<5 degree control)

t1 nt
Nominal Nominal
Operation Operatior ]

\ [ o 911 1 =

-504

e

\4

/

Passes equation(s)

Box-level modeling now in place Equation
Unable to provide loose pointing Li brary

(<50 degree control)

4 Time Management System: operational )

[scer

2024-355TC0:00:00 2024-35€TC0:00:00 2024-357TC0:00:00 2024-358T00:00:00 2024-
2024-12-20 00:00:0C 2024-12-21 00:00:00 2024-12-22 00:00:00 2024-12-23 00:00:0C 2024-

Jupiter Oroit.Ca ||

‘MissionSubPhase

GNCMode

EARTH1 INERTAL | DE

J

The use of a single source of truth ensures a consistent foundation across all PRAs.



MRAP Documentation

Model-Based Probabilistic Risk Assessment (PRA)

USER GUIDE

Documentation was
developed to help
other missions
implement a similar
process
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Traditional vs MRAP Approach

Gystem modeling: I\

* understanding the
system elements to

be modeled:;

Should already
be in the system
model.

* modeling how Added to system

failures in these model through
elements (leaf-level*™] I cause & violation
events) cause Y. |0 explanations
functional failure; I E—

* identifying risk I PRA script
scenarios and and Equation
modeling their Lib
OCCU rre n Ce ProbibiliZfTI:Zmnt of Basic EventsF -
probability; : o

* acquiring reliability . | _— :\Sgrooj?hto

key parameters that grea
results
ing results of

itivity studies

data 2
. Pr
Probablil e would be ondition at the time of landing
The uncertainty in occurrence of an event is
characterized by a probability distribution

Using the MRAP approach, there were roughly 3 PRAs developed (for the
Europa Clipper mission) for the cost of 1 PRA, using traditional methods




Example Application: Europa Clipper PRAs



Europa Clipper PRAs of interest

\
r Europa System Model/TMS
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Event Tree Example for JOI
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Question #1a Analysis and Results

1a. What is the JOI success probability, adhering to all Project RQs
(nominal JOI execution)?
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Question #1 Analysis and Results

1. What is the JOI success probability?

1
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Functional and
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Question #2 Analysis and Results

2. What is the probability a tour redesign is required (i.e. trajectory
margin of 50m/s delta-V is exceeded in JOI)?
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Result Analysis: Assessing Drivers of Unreliability
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Visualization and Validation

Graphical visualization tools are used to validate results
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Summary, Observations, and Lessons Learned

Every detail of system cannot be modeled
* Model things conservatively first; if result favorable, stop!
- Else, target high-risk areas for detailed exploration

Stop at box level unless specific Project question arises driving
lower-level modeling

* Reliability information often not available at lower levels
Use visualization to help validate that the system model is correct

Always iterate modeling, findings, and results with subject matter
experts prior to delivery

Always verify MRAP scripts and architecture after each revision.
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Back-up material
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Result Analysis: Assessing Drivers of Unreliability

WOLFRAM CDF Player | [ | 100% a Published under FreeCDF™ ten
key Probability Of GNC Subsystem Success B

graphtype newbars

Failure rates set
to lowest setting

reset

e e v Probability fail to
meet requirement

due to GNC

Failure rate of {IMU A=Unable
to provide inertial information}

1.x10-10

Failure rate of {Reaction b 5.62341x1
Wheels=Unable to control spacecraft attitude}

subsystem

Failure rate of {SRU A=Unable
to produce attitude quaternion}

1.77828 =10

Leading risk driver at
lowest fault rate

Independent failure rate of {Remote Engineering Unit

1.77828x10% | 1_P(success)
{eREU) A=Unable to control reaction wheels}

Probability {Compute Element A=Unable to D' 0.05 T
send commands} fails to swap to its B side
Probability {IMU A=Unable to provide ¥ 0.05
inertial information} fails to swap to its B side
Probability IMU B Fails to Start on Command « » 5.62341x1078 %
0.001 - > O 2
Probability Reaction Wheels Fails to Start on Command « 5.62341x1078 = < >} ne
= = o %)
w e c
Probability Reaction Wheels Fails to Turn Off on Command « 5.62341x1078 O (_E o o Z"
> 5% 2 3
Probability {SRU A=Unable to produce . 0.05 = ) o o E [0
attitude quaternion} fails to swap to its B side - re) = &J [0 o)
r [} - =
Probability SRU B Fails to Start on Command « 9.42x10~8 A 5 > & x
Y =
Recovery rate of {Compute Element A=Unable to send «» 0.0316228 ﬁ
commands} from a failure to swap to its B side ﬁ
Recovery rate of {IMU A=Unable to provide inertial « » 0.0316228 o
information} from a failure to swap to its B side 102
Recovery rate of {SRU A=Unable to produce attitude « » 0.0316228

quaternion} from a failure to swap to its B side
Ziogmin -9 ziogmax 0
res - high
scale | linear -
zmode | P(success) -
layout - horizontal



Result Analysis: Assessing Drivers of Unreliability

WOLFRAM CDF Player | (= | | 100% a Published under FraeCDF™
¢
xey Probability Of GNC Subsystem Success

graphtype hewbars

Failure rates set
to highest ©
settinq reset

Failure rate of {Compute « » 0.0000562341
Element A=Unable to send commands}

Probability fail to

meet requirement
due to GNC
subsystem

Failure rate of {IMU A=Unable .
to provide inertial information}

1.77828x10~8

Leading risk driver at
highest fault rate

Failure rate of {Reaction « » 0.00001
Wheels=Unable to control spacecraft attitude}

Failure rate of {SRU A=Unable ' 0.000316228

to produce attitude quaternion}

Independent failure rate of {Remote Engineering Unit .

0.0000316228 | 1-P(su

0 -]
@ o
L > 2 %]
{eREU) A=Unable to control reaction wheels} O = -§ -] >
1+ 3 L
Probability {Compute Element A=Unable to { » 0.05 > % c Y =
send commands} fails to swap to its B side = = O > o
o [0} 5 = @©
Probability {IMU A=Unable to provide . 0.05 g D o ® E o)
inertial information} fails to swap to its B side & = & ®© o
i i Y -5 = > <
Probability IMU B Fails to Start on Command 9.42x10 s Probability Of GNC Subsystézh Success, 0.0121085 ¥
Probability Reaction Wheels Fails to Start on Command ., 9.42x10~6 %
©
Probability Reaction Wheels Fails to Turn Off on Command . 9.42x10~8
Probability {SRU A=Unable to produce . 0.05
attitude quaternion} fails to swap to its B side .0 |
Probability SRU B Fails to Start on Command « - 9.42x1078
Recovery rate of {Compute Element A=Unable to send . 0.000225
commands} from a failure to swap to its B side
Recovery rate of {IMU A=Unable to provide inertial . 0.000225
information} from a failure to swap to its B side 10-9
Recovery rate of {SRU A=Unable to produce attitude . 0.000225

quaternion} from a failure to swap to its B side
zlogmin -9 Bﬂogmax 0 B
res - high
scale  linear -
zmode | P(success) -
layout - horizontal



