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Definitions

e Risk (General): uncertainty in achieving an
objective, goal, requirement, or other desired
outcome.

e Safetyl: a) Free from harm. b) Secure from threat of
danger, harm, or loss.

e Safety Risk (as It relates to safety). Uncertainty In
being free from harm, danger or loss (usually
expressed as a probability of harm).

e Hazard: a precondition that has the potential to
manifest or cause adverse effects.

1 Webster’s New World Dictionary
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Simple Analytic Hierarchy Diagram
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Analytic Hierarchy-Decision Process

e The risk analyses allow the ranking of each
option with respect to cost and each-option
with respect to safety.

e The decision-maker decides on the relative
Importance of cost and safety.

e Then, the mathematics of the AHP
(eigenvector of the maximum eigenvalue of
the combined matrices) gives the overall
rankings



What Decisions?

e Find Best Risk
Reduction Strategy
(Shuttle APU)

e Go-No Go

e Improve Chance of
Successful Mission
(Mars Sojourner)

e Choose design concept

(Micro-met spacecraft)

e Compare Against a Safety
Goal

e |Improve operation,
Inspection and
maintenance (8’HTT)

e Improve Design
Process

e Gain Confidence that
System will Perform

e Prioritize Critical
ltems or Scenarios



Best APU Risk Reduction
Strategy

e ODbjective: Find the best alternative
modification of the Space Shuttle APU
considering both safety improvement and cost.

e Method: Using event sequence diagrams and
Monte Carlo simulation develop a risk model
for cost and safety for each alternative strategy.
Use various decision analyses to decide on
best overall alternative.



Typical APU Schematic
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hest Safety Risk Scenario

APU LEAKS INTO
AFT COMPARTMENT

. 2

LEAK NOT DETECTED

FIRE OCCURS CAUSING
CASCADING FAILURE OF
TWO APUs or OTHER
FLIGHT CRITICAL
EQUIPMENT

FAILURE OCCURS
BEFORE WHEELSTOP

ONE APU NOT SUFFICIENT
FOR DESCENT AND
LANDING




Find Best APU Risk Reduction
Strategy

e ODbjective: Find the best alternative
modification of the Space Shuttle APU
considering both safety improvement and cost.

e Method: Using a baseline risk assessment of
Space Shuttle APU, modify risk model for
each alternative strategy. Obtain cost to
Implement each strategy. Use various decision
analyses to decide on best overall alternative.



Results of Cost and Safety Studies
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Analytic Hierarchy Diagram
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Reduction
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CDSt U'f SafEty (LOV
Installation frequency)

Strategy A Strategy B Strategy F




e There is no single
best

e The results depend
on:

— Relative
Importance that
the decision-
maker assigns to
cost v. safety

Relative Rank

Findings

Decision Trajectories of APU Strategies

—8—Strategy A
o— Strategy B
—— Strategy C
Strategy D
—o— Strategy E
Strategy F

1 13
Emphasis of Cost to Safety (i)




Mars Sojourner Integrated
Mission Study

e ODbjective: Independent, alternative look at
Sojourner’s mission on Mars to find high

risk areas that may have been overlooked by
JPL.

e Method: Develop flow chart of Sojourner
mission events. Develop fault tree of each
major event to discover dominant modes
and mechanisms.






Sojourner Features

e Length =0.65 m

e Weight = 9 kg

e Top speed = 1 m/minute

e Acceleration = 0 to 1 m/minute in 0.2 seconds

e Six 2 watt electric motors, one on each wheel;
Each wheel = 12.7 cm diameter

e Four wheel turning; 5 locked wheel rotation
e Energy usage = 100 watt-hour/day

e Solar power rechargeable Lithium-Thionol
Chloride



Sojourner Features

e Modem communication with Pathfinder Lander

e Sends “heartbeak” after each Y2 length of travel.
If can not “handshake” with Lander, then.go to
the spot of the last successful report.

e Directed from ground via Lander
e Limited ability to sense obstacles

e |f can not get to the place where directed or can
not avoid an obstacle after a few trus, stop and
signal Lander.



Other Features

e Climb hills up to 30 degrees

e Proximity sensor to avoid obstacles
e Take pictures

e Soll resistance tests

e Spectroscopy of soil or rock



Day Operations Event Sequence
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Sojourner Findings

e Operations should be
“Graceful directed from ground as
Degradation” much as feasible..xrather

Evident in Ability of  than relying on

e Concept of

Sojourner to "Intelligent software™
Function With e Reallocate project
Failures

Resources to Improve
e Software can cause  communications (even at

system freeze the expense of software
development)



Micro-Met Mission to Mars

e ODbjective: Help develop mission architecture
that will achieve goal of mapping Mars
climate. Need 90% chance of successful
operation of at least 12 meteorological stations
operating on Mars for 2 Earth years.

e Method: Develop functional flow chart of
mission. Develop and quantify fault tree for
each function with uncertainties.



Micro-Met Mission Overwew
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Functional Block Diagram
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“Best of Breed” Strategy

e \Wide variability in predicted rehiability
because of early phase of design

e Select only components with top 50% of
reliability

e This can be done by screening manufacturer
data and accelerated reliability testing



Suggested Number of
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8'HTT Risk Assessment

e Objective: This is a high energy wind tunnel
with a risk of deflagration, detonation, or
overheating. Determine risk reduction
strategies.

e Method: Comprehensive risk assessment
using hazard analysis, master logic diagram,
scenario diagrams, event trees, fault trees,and
deterministic phenomenological studies on
flames, deflagrations and detonations.



Simplified Representation of 8'HTT
Wind Tunnel
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Most Feasible Risk Reduction
Strategy

e Instrument for methane leakage
e Inspection program for fuel leaks

e ODbjective iIs to avoid a fuel rich
mixture In tunnel, particularly at the
beginning of a “run”.



Summary of Results
Probability-of Damage
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