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Proposal

The R&M taskforce proposes a comparative evaluation of the scope of
R&M considerations (technical objectives and strategies) across the three
agencies, and common tools, techniques, and standards used to
Implement those strategies.

The task force proposes to consider the elements of the NASA R&M
framework, as captured in the hierarchy of R&M considerations, to
identify commonalities and differences in the way reliability and
maintainability is addressed by the flight projects.

In addition, the task force will consider lessons learned from past projects
concerning international cooperation.
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Objectives Based Hierarchy: Overview

» Logically decompose top-level R&M objective
— Use elements of the Goal Structuring Notation

— Structure shows why strategies are to be applied

= Structure forms basis for R&M activities

— Specifies the technical considerations to be
addressed by projects

— Basis for evaluation of plans, design, and assurance
products
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Decomposition of R&M Objectives
R&M Objectives Structure — Top-Level

Context: Expectations derived
from crew safety, MMOD
concerns, facility safety, public
safety, mission obj.,
sustainment, ..., considerations
and associated risk tolerance

Context: System/function
description and requirements,
including design information
and interfaces

Context: Reference mission +
before/after

Context: Range of nominal / off-
nominal usage and conditions/
environments

Top Objective: system performs as required over the
lifecycle to satisfy mission objectives

Strategy: prevent faults and failures, provide mitigation
capabilities as needed to maintain an acceptable level
of functionality considering safety, performance, and

sustainability objectives

Objective: system remains
Objective: system conforms to functional for intended
design intent and performs as lifetime, environment,
planned operating conditions and
(1) usage
(2)

Objective: system is tolerant Objective: system is designed
to faults, failures and other to have an acceptable level of
anomalous internal and availability and maintenance
external events demands

(3) (4)
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Decomposition of R&M Objectives

R&M Hierarchy
. Objective: System remains functional for intended lifetime,
SU b - Obj . environment, operating conditions and usage

2

Strategy: Understand failure mechanisms, eliminate and/or control . . N
A . N T Strategy: Assess quantitative reliability measures and recommend or
failure causes, degradation and common cause failures, and limit failure . :
N o ) support changes to system design and/or operations
propagation to reduce likelihood of failure to an acceptable level (2.8)
(2.A) :

Objective: system and its elements are
designed to withstand nominal and Objective: System or its elements are o .
extreme loads and stresses (radiation, not susceptible to common-cause Claase: Sy?te’.“ and.'ts .C.omp(.)ne.nts
temperature, pressure, mechanical, ...) failures REEE quantlta?;/e;srf)hablhty G
for the life of the mission (2.A.2) ..
(2.A.1)
1 ——
Strategy: Apply design Strategy: Evaluate and control Strategy: Determine reliability
standards to incorporate margin coupling factors and shared — allocation
| to account for variable and causes between redundant (or (2.B.1.A)
unknown stresses dependent) components
(2.A.1.A) (2.A2.A) Strategy: Estimate reliability
based on applicable

performance data, historical
data of similar systems, and/or

Strategy: Evaluate and control

nominal stresses and related 8 i
failure causes physics-based modeling
(2.A.1.B) (2.B.1.B)

Strategy: Support design trades
Strategy: Evaluate and control I based on reliability analysis
potential for extreme stresses (2.8.1.0)

and related failure causes

(2.A.1.C)

Strategy: Plan and perform life
— testing
(2.B.1.D)

Strategy: Perform qualification
testing and life demonstration to
verify design for intended use

(2.A.1.D) Strategy: Track and monitor
—— reliability performance over time
(2.B.1.E)
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Analysis and Comparison

Scope
Evidence Huma.n Space Class A ClassB Class C Class D Research and Ground Based
Flight Technology Systems
1.C Strategy: Achieve high level of process reliability
1C1 Objective: Built system and its components do not
contain flaws/faults that reduce ability to
withstand loads and stresses
1.C.1LA |Strategy: Select appropriate quality components  |iapproved parss B2s, parss conwol |ir.mnl:.|d| Para/marcarials conrol 2smdands appiicabla so Indhidual miszion dirs rlnumnlnlll Par:g/miarialy
and materials and racenbily, micarials review, |conwrol sandands consrol :andards [consrol mandards
approvad vandor: s appicabla w0 #pplicablao applicabla o
Humian Spica razasrch and ground bazad
Fligh= machnology ryramy, If hay
ae
1.C.1.B |Strategy: Perform process reliability reviews to  |oschnlon ovariigs & Figh rigor reviaw of sl relnBilsy design processes and | Salecava raview of rababliy dedgn procasias snd  |Forsalamaary
ensure consistency of reliability design processes  Imanagsmans indepandan: angnsaring anakyae: anginsaring analyie: bazed on high risk drivars  |zama, 2ama
with interdependant engineering analyses achnical review, pasr sschnical fcopa ag Clan
vl 2o wane proces mudis A/B, Forothar
ami, 1alacziva
raview a1 In Clagg
/o
1.C.1.C |Strategy: Establish and verify manufacturing inpproved parse a3, ground Parsconal [P conrol hndling Tsandands snd manulaczuring crizaria appicabla 5o [PArI conwrol Pars1 consrol
processes and handling criteria handling anakys, proce:s hmding Individual mizgon das handling handling
mnca anabyle, proces FMEA,  |1mandards md nandards and  |mandards and
ground handling we3%, proces manuiacuring manufacturing  [manufaciuring
capabll Yy #12e2mans crizaria crizaria crizaria
appicabla 0 applicabla = applicabla =
Human Spaca razasrch and ground bazad
Fligh: =achnology fyramsy, If shay
ae
1.C.1.D [Strategy: Screening, proof testing and acceptance |EnwirONMETeAl Yaads Sraaning, | Taa/ocrean o full leval of rigor [QUArSon, NUmber of cydes, §ec. [or ES5), | THIy/Srean &= dacraniad laval of |varty
testing mapsacion Crivarka, Accapiance Tezs/Scraan will ba sallorsd bazed on aridcdby rigor han lowar rizk claszas (box |functionalky of
Tz Plan bovall. TersfScraan will ba zallorad [ground suppor:
bazad on crizically aquipmans uzad
forsazdng.
Scraan/proof
zaning of 1afacy
alamams
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Output

= The output of the comparison will be a report structured in accordance
with the Provisions in Support of the Mutual Recognition of Safety &
Mission Assurance Standards in Cooperative Programs.

= This report would address area 5.0 Dependability Assurance with

particular focus on Reliability and Maintainability, herein referred to as
R&M.

= Completion of the report is targeted by the next trilateral SMA meeting.
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R & M Heirarchy



R&M Objectives Hierarchy — Top Level

Strategy: Prevent faults and failures, provide mitigation
capabilities as needed to maintain an acceptable level of
functionality considering safety, performance, and
sustainability objectives




R&M Hierarchy

Sub — Ob;.

Objective: System conforms to design intent and

performs as planned

(1)

Strategy: Verify and validate
nominal functionality
(1.A)

Strategy: Test and inspect
adequately to identify and resolve
faults, issues and defects

(1.8)

Strategy: Achieve high level of
process reliability

(1.0

Objective: Nominal functionality
at each level of the system has
been verified and validated,
including hardware and software
design compatibility
(1.A.1)

Objective: Faults, defects, or
other latent issues have been
found as part of the
testing/inspection process
(1.B.1)

Strategy: Demonstrate to an
acceptable level that the

functionality of the system
meets the design intent
(1.A.1.A)

]

Strategy: Test, inspect, and
demonstrate to an

acceptable level to ensure
that issues are found
(1.B.1.A)

Strategy: ldentify causes of

anomalies
(1..1.B)

Obijective: All issues are resolved
or closed out to an acceptable
level of risk (1.B.2)

;‘

]

Objective: Built system and its
components do not contain
flaws/faults that reduce ability to
withstand loads and stresses
(1.c.1)

Strategy: Track, address,
and trend issues via a closed
loop problem resolution
process
(1.B.2.A)

I

Strategy: Select appropriate
quality components and

materials
(1.C.1.A)

Strategy: Perform process
reliability reviews to ensure
consistency of reliability

design processes with
interdependent engineering
analyses
(1.c.1.B)

Strategy: Establish and
verify manufacturing

processes and handling
criteria
(1.c.1.0)

Strategy: Screening, proof
testing and acceptance

testing
(1.Cc.1.D)




R&M Hierarchy
Sub — Ob;.

Obijective: System remains functional for intended lifetime,
environment, operating conditions and usage
(2)

Strategy: Understand failure mechanisms, eliminate and/or control
failure causes, degradation and common cause failures, and limit failure
propagation to reduce likelihood of failure to an acceptable level
(2.A)

Strategy: Assess quantitative reliability measures and recommend or
support changes to system design and/or operations
(2.B)

Objective: system and its elements are
designed to withstand nominal and
extreme loads and stresses (radiation,
temperature, pressure, mechanical, ...)
for the life of the mission
(2.A.1)

Strategy: Apply design
standards to incorporate margin
to account for variable and
unknown stresses
(2.A.1.A)

Strategy: Evaluate and control
nominal stresses and related
failure causes
(2.A.1.B)

Strategy: Evaluate and control
potential for extreme stresses
and related failure causes
(2.A.1.0)

Strategy: Perform qualification
testing and life demonstration to
verify design for intended use

(2.A.1.D)

Objective: System or its elements are
not susceptible to common-cause
failures
(2.A.2)

1

Strategy: Evaluate and control
coupling factors and shared
causes between redundant (or
dependent) components
(2.A.2.A)

Objective: System and its components
meet quantitative reliability criteria
(2.B.1)

Strategy: Determine reliability
allocation

(2.B.1.A)

Strategy: Estimate reliability
based on applicable
performance data, historical
data of similar systems, and/or
physics-based modeling
(2.B.1.B)

Strategy: Support design trades
based on reliability analysis
(2.B.1.0)

Strategy: Plan and perform life
testing
(2.B.1.D)

Strategy: Track and monitor

reliability performance over
time
(2.B.1.E)




R&M Hierarchy
Sub — Ob;j.




R&M Hierarchy
Sub — Ob;.

Objective: System has an acceptable level of maintainability and operational

availability

(4)

Strategy: Evaluate, control, and monitor the ease of maintaining, restoring, or
changing system capability and total maintenance demands

(4.A)

[

Objective: Maintenance and repair activity can be
performed within available resources (cost, time)

Objective: System provides clear
indication of health status,
degradations, and diagnostic

Objective: System design allows
for reconfiguration, upgrade, or
growth opportunities during the

Objective: Maintainability
performance is validated and
optimized during operations

based on available maintenance

information mission data
(4.A.2) (4.A3) (4.A4)
|
Strategy: Design to facilitate Strategy: Perform RCM (on Strategy—tdentify—and

on-orbit and ground
maintenance and check out
(4.A.1.A)

Strategy: Design to minimize
maintenance complexity for
reduction of maintenance
time and training
requirements
(4.A.1.B)

orbit/ground support
systems) during design to
optimize the design for
maintainability
(4.A.1.E)

Strategy: During design,
consider tool selection,
transport, stowage, ease of
use, and criticality as well as
complexity of robotic
maintenance capability
where feasible
(4.A.1.C)

Strategy: Perform
maintainability simulation
and analysis as needed to
support design and logistic

support analysis
(4.A.1.F)

optimize the testability and
diagnostics characteristics

— to support the

maintainability
requirements

A A D A\
(A ZA)

Strategy: Incorporate fault
detection/isolation/recovery
at the lowest practical level

= to support the

maintainability
requirements
(4.A.2.B)

Strategy: Use
standardization to limit the
number of feasible design
options and encourage the
use of common items,
procedures, processes,
tools, etc
(4.A.1.D)

Strategy: Provide
demonstration testing to
verify 'detect, diagnose,

isolate' capability of systems
and confirm corrective and
preventive maintenance
task actions and analysis
(4.A.1.G)

Strategy: Develop test-point-
design strategies to

— minimize access time and

system intrusion
(4.A.2.C)

Strategy: Design-in self-
diagnostics for assemblies to
minimize
maintenance/recovery time
and false alarms
(4.A.2.D)

Strategy: Design the system
to accommodate future
technology or changes in

application over the design

life via maintenance
activities
(4.A.3.A)

Strategy: Design for physical
and functional
interchangeability with
other like components and
assemblies in the system
(4.A.3.B)

Strategy: Incorporate
modular designs to facilitate
remove-and-replace
maintenance and allow
flexibility in the design
(4.A.3.C)

Strategy: Establish
capabilities and processes to
collect and store operational

history, health status,
degradation, diagnostic, and
maintenance data
(4.A.4.A)

Strategy: Periodically
analyze test and operational
history, health status,
degradation, diagnostic, and
maintenance data to
determine maintainability
performance and trends
(4.A.4.B)

Strategy: Periodically review
and update maintenance
strategy and activities
(4.A.4.0)

Strategy: Ensure availability
of data to future programs
and projects
(4.A.4.D)




