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The Problem:
Sustainment’s Cost and
Complexity

* Lifecycle Costs
¢ Sustainment Complexity:
* An Enterprise of Enterprises
* Reliability and Maintainability's Critical Role

* Enterprise Management



& Lifecycle Costs: Driven By Sustainment

100%

A The Time To Act is Here e ==A
_ -~ Sustainment
- - By the start of Procurement, ~90% of O&S
/ Costs are decided based on design and O
Early in programmatic decisions. <
!/ development, 3
/ ~70% of O&S c
G Cos?:s are 23._
decided based =
” on the Procurement = Quantity in Service &
= ) ;‘;’I’::i’::' = Operational Usage (Hours, miles, etc.) X
8 I selected, = Maintainer/Operator manpower costs S
- -
Development L . 8
* Fuel Costs (Reactive) a
g
o
* Sustainment g_

Requirements (RAM)

* Cost Baselining
* Sustainment

Planning (Who, What,
Where, When)

A A
Ms A MS B MS C 10c YEARS roc

The Time to Effect O&S Costs and Performance is During Development

Source: 2022 DoD Product Support Managers Workshop, Principal Deputy Assistant Secretary of Defense (Sustainment)
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Sustainment:
An Enterprise of
Enterprises

Enterprise Definition:

“A highly complex,
sociotechnical systems of systems
that depend on the intelligent

) i ) Industrial +
interaction, creation, management SO 258D

and use of various forms of

knowledge throughout their
organizational policies, processes

and structures.”
-INCOSE Enterprise Value Working Group, 2024
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Sustainment
Enterprise
Complexity:
R&M'’s Critical
Role

Sustainment
Operations

Reliability &

Maintainability
(R&M)

Design for
Sustainability

!*"i’-‘l.#’
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Sustainment Global optimization
Enterprise — e
Management: -

Local vs Global

Optimization Moy

G

Design for
Sustainability

Local optimization

at the
organizational level.
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The Method:
An Enterprise Architecting
R&M Exemplar

* Enterprise Decision-Making
* Enterprise Perspectives

* R&M Views
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Enterprise
Decision Making:

Transforming

Strategy into Requirements

Outcomes ‘
St Motwaton -
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Enterprise
Perspectives:

Insight on
Complexity

Decision-Making Architectural Approach

-l

Operational |
View

Organizational
View

Sustainment
Enterprise

Information/Data
View



&M Views:
Characterizing
Enterprise
Decisions, Data,
and Activities

Sustainment Enterprise
Organizational Structure

Sustainment
Operations

Reliability &
Maintainability
(R&M)

Design for
Sustainability




&M Exemplar:
United States Air
Force (USAF)
Commercial

Derivative
Aircraft (CDA)

R&M performance
monitored by a
Continuous Analysis and
Surveillance System
(CASS).

USAF KC-46A Pegasus CDA
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The Solution:
Architecture-Based R&M
Enterprise Decisions

* Decision-Making Architecture: ¢ Decision Support System:
* Organizational View * Framework
e Operational Views * Parameters

e Data/Information Views * Tool



O rg a n izati O n al Requirements Owners:

Organizational wings,

View:
Abstracting aienance Proga
Enterprise gg;-gmm v

Interactions
iIn the CDA’s
R&M Domain

Maintenance Program
Operational Data

Industry Maintenance

Operational Feedback Requirements

CDA Commercial Industry Actors:
* Original Equipment Manufacturer
» Federal Aviation Administration



I@E CASS Maintenance Task Evaluation Models
Operational “@ """"""""""" Sl — E—
Views: - : -
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CASS Maintenance Task Performance Models

Operational

Views: *

OpaeraAsIty AT
Measure Effectiveness OV-5

| zWumber of Unscheduled Defects For MPD Task

Abstracting e —
Enterprise Logic

and Resource

Exchanges in

Is the Percentage
of Scheduled |
Defects High? ' Tl

i

R&M Decision-

Low Number of Unscheduled Defects

High Number of Unscheduled Defects

" . Additional Analysis
Effective, but not . ) .
o Ineffective Needed to Determine Ineffective
Optimized i
Effectiveness
Effective, but not
Effective and Optimized Ineffective o Ineffective
Optimized
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CASS Maintenance Task Data Models

Information T ]
Views:
Abstracting
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Enterprise R&M Decision
Support System:
Implementing Adaptive R&M
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CDA R&M
Decision-
Making

Framework:

Connecting
Heuristics,

Decision Logic,
and Enterprise

Responses

/ Heuristic Decision Process / Decision Logic \ Response
Is the fleet Significant
compliant discrepancies Perform
. ) _ L " i -
with the 1dentified for selected correchive action
maintenance on errors
task? o task
.- Yes, negligible
discrepancies
identified for ol .
mplemen
selected task reliability
Is the No High unscheduled nnprotvelr(r,lent on
maintenance task » operational impact for —» effeciisv;less —
effective?* related system(s) applicability:
and/or
. Yes, low periodicity ***
unscheduled
operational 1mpact Change task
of related system(s) I interval type —
and/or periodicity
Is the No Low number of Change task
maintenance task scheduled defects —* process and/or —
Yes** . optimized? documented/observed scope
continue
to monitor Pursue alternate
(**High number of scheduled defects comml?z;lzeo(fe —
documented/observed) P £

4N AT

*The task's effectiveness is inconclusive when answering this
heuristic if there is are low scheduled defects and unscheduled
operational impact with high unscheduled defects. In this situation,
more analysis is required to determine why the unscheduled defects
are not being prevented by the scheduled maintenance task.

***If a maintenance task is deemed to be
effective after reliability analysis, pursue
an alternate root cause improvement such
as an engineering design change or

modification to aircrew flight procedures.

incose.org | 20
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CDA R&M
Decision-
Making
Parameters:
Quantifying
Performance
to Satisfy
Strategic
Motivations

i
il
Heuristic Performance |Decision Logic R&M Metric Example Threshold
Category Category Category
Count of Defects High > 10 > Low
s . . High <7 Calendar
Reliability Mean Time Between Failure T
Ratio to Scheduled Defects | High > 0.1 > Low
Unscheduled Total and Mean Repair .
Defects Times (Non-Mission I-?g;h(;lgaigtgtil()w?,r
o Capable (NMC) Hours) )
Maintainability -
Total and Mean Repair .
. . . High > 25 (total) or
) Times (Partial Mission 2.5 (i) > Loy
Effectiveness Capable (PMC) Hours) :
Mean Annual NMC/PMC | High > 100 (NMC)
Hours per Aircraft or 75 (PMC) > Low
Operational Availability | Mean Annual NMC/PMC | High > 1.14 (NMC)
. Percent Decrease per or 0.86 (PMC) >
Operational ;
Impact Aircraft Low
pac Count of Annual Ground Hich > 1 > Low
Operational Aborts per Aircraft &
Reliability Count of Annual In-Flight .
Aborts per Aircraft High > 1> Low
Count of Defects High > 10 > Low
. . High <7 Calendar
Reliability Mean Time Between Failure 195 = L
Ratio to Unscheduled High > 10 > Low
Scheduled Defects
Optimality ¢ Total and Mean Repair
Defects . . High > 75 (total) or
Times (Non-Mission 7.5 (mean) > Low
Maintainabilit Capable (NMC) Hours) |
Y Total and Mean Repair

Times (Partial Mission

Capable (PMC) Hours)

High > 25 (total) or
2.5 (mean) > Low




Fleet Compliance

Compliance Details
sum mary
Error Type lcount |

Task Effectiveness

Missing MPD hem Number

Incorrect Interval

CDA R&M

Insuffiicent Removal
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Support Tool:
Implementing
Architecture-
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| |pate Quoiity Matrics (AfTomi Rapair Time (NMACR: Hours
[ ComE| e e e
o o :W“k Repair Time (PVC Repairs) (Hours)
B 8 TR (PMC Repsirs) (Hours)
- . Joinerr
| . E= 7 | Comareial Interval {Full Utilizatan)
| t S [Come izl Interval (Haff Utilization)
| 4 s [commerdal Leader Intzval
z ] Mizan Man Hours to Repair Defect (Cost Mtri
: [Fotal Man Hours to Repair Defact (Cost Metric)
‘ .
- : o _\ Data (Before (
n 2 [ of repair JCNs with letter in sixth pasition
e rp rI Se - * - sttt s
I —Be % of taskc JCiNs with HIVE Type Y2
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CDA R&M
Decision
Support Tool:
Implementing
Architecture-
Based
Enterprise
Improvements

Parameter Selection

Task Summary

Customized Parameter Selection Table
fectiveness Parameter Selection jie, numberofunscheduled def

Task Info FECU[Des(riann)I
MPO# -
Descripion Cts Parameter nghhuw IThreshold
Task Type
FEC
WL (Assigned) > | < 2
WUC (Associated) i
tereal Typats) Failure (MTBF) (calendar < > #
Iwerval Periodicity Failure (MTBF) (flight hours) | < | > #
Perfoemance Patametsrs Geneiic of Customized? Failure (MTBF) (flightcycles) | < | > #
pfects (count of unscheduled
> | < #
j defect)
Task Performance Summary
Compliant? Yesoillo Trendimproving ot declining .
Effective? Yesoro Trendimproving or declining Repairs) 2| < #
| Optimized? Yesorblo T deck (MTTR) (All Repairs) (Hours) | > | < #
ey C Repairs) (Hours) > < #
Date of Check Hours) > | < #
IC Repairs) (Hours) > < &
Pass o Fail
Hours) > 1 < 2
it [Detads inFlows 10119)
e S =] Parameter
Date of Evahuarion
Humber of Unscheduled Defects High o1 Low Reason .
Impact on Oparations High or Low Reason urs per aircraft >] < #
Effectiveness Pass or Fail Eifective, Ineffective, or TBO hecrease per aircraft > | < ]
Jirs per aircraft > | < #
P - B
Dae! LLad s Stant End ecrease per aircraft > < &
Date of Evaluation petrics
Mumber of Scheduled Defects High or Low Reason .
Optimality Pass ar Fail Cptimizied, Mot Ogtimized, of TBD 'd aborts per aircraft >[ <[] &
ht aborts per aircraft > ‘ < | 2

I

|

| Optimality Parameter Selection .., numberof scheduled detects)
| |Scheduled Defects Parameter High|Low [Threshold

| | Reliability Metrics

 |count of Defects

Mean Time Between Failure (MTBF) (calendar

| Mean Time Between Failure (MTBF) (flight hours)
| | Mean Time Between Failure (MTBF) (flight cycles)
|

I

|

|

I

|

|

Alalalv

Ratio to Scheduled Defects (count of unscheduled
defects per scheduled defect)

Maintainability Metrics

Total Repair Time (All Repairs)

Mean Time To Repair (MTTR) (All irs) (Hours)
Total Repair Time (NMC Repairs) (Hours)

MTTR (NMC Repairs) (Hours)

Total Repair Time (PMC Repairs) (Hours)

MTTR (PMC Repairs) (Hours)

v v|v|a
EEE E e

v
A
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Conclusion

* Discussion
* Recommendations

* Acknowledgements
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"Digital product support uses
digital engineering methods and
digital data and system models to
implement the Product Support
Strategy, enable data-driven
decision making, and deliver
effective and efficient product
support outcomes throughout the
system lifecycle.”

U.S. Department of
Defense Digital Product
Support Definition

Defense Acquisition University, 2025
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Recommendations

1. Apply to other vehicle fleets
2. Expand to other sustainment enterprises (e.g., supply chain, repair network)
3. Develop a comprehensive enterprise architecture using UAF

Georgia Tech Research Institute
Systems Engineering
Research Division
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