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Does the Support meet the various 
operational mission profiles?
• What system design and configuration

are optimal from a supportability 
perspective?

• How will Operational Availability (Ao) 
change over time and how do I manage 
it?

Does this “Digital Twin” match the 
Fleet’s Physical Configuration?

Are we getting the correct “Digital 
Thread” data for analysis and 
decision? 

• Which system elements are the cost
drivers?

• How many technicians do I need and
where?

• What and how many spare parts
should I keep on ship?

The Real World….. 
Its all about Overcoming Failure!

Approved for Public Release
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The “Fabric” of Information
Multi-directional “ Bills of Information” that supports Operations and Analytics
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enterprise Product Lifecycle Management (ePLM) 
Ø A consistent set of business solutions that support the 

collaborative creation, management, 
dissemination, and use of product            
definition information, spanning from         
product concept to end of life

Ø Provides a structured, authoritative                    
product information backbone for                    
weapons systems

Ø Rigorous configuration management                          
of a weapon system top-down                      
breakdown and all of its associated                
technical / product data

Ø Maintains traceability of all analysis                              
and decisions throughout a weapon                    
system’s life cycle

Integrated Decision Environment (IDE)
Ø Incorporates key system and support data 

(i.e. reliability, maintainability, cost, and 
supply chain) with RAM-C Modeling and 
Simulation tools for decision makers to 
determine lifecycle cost and readiness 
impacts of critical design and support 
modifications

Ø Supportability / RAM-C analysis to influence 
design for supportability and affordability

Ø Perform root cause analysis and implement 
materiel and non-materiel changes as 
necessary in sustainment

Ø Predictive analysis to optimize readiness and 
life cycle cost

Ø Integrated with PLM application to establish 
critical links between configuration changes, 
system baselines, and supporting analysis

Digital Product Support
The Application: ePLM IDE

Functionally, ePLM IDE was designed to provide a common enterprise product model capability (digital twin), facilitating bi-
directional traceability (digital thread) to more efficiently manage the digital models throughout the lifecycle, and provide a 
common data decision environment to address escalating life cycle cost growth across the Navy.
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Effectivity Metrics
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Leveraging the “Digital Twin” & “Digital Thread”
Analysis, Modeling & Simulation

The “Digital Thread” serves as a 
“living” information rich 
environment,  continually 
delivering information for Analysis, 
Modeling & Simulation (A, M&S) to 
influence critical design and 
support decisions across the 
lifecycle.
Ø Product data and associated 

information enables Reliability, 
Availability, Maintainability (RAM) 
and Product Support Analysis 
(PSA) analytics, processes and 
members all working from the 
same “sheet of music”.

Ø Technical planning and decision-
making in the IPTs where System 
Engineers and Product Support 
Teams collaborate.

Ø Resulting Changes update the 
configuration and derive the 
metrics of a new “digital thread”.

Approved for Public Release
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Somewhere in the World 
CVN 77 UAV CONOPS: 
UAV OPS RESTRICTED: 
Intermittent loss of UAV 
navigational control on final 
approach resulting in damage to 
payload, landing gear and 
potential loss of UAV. 
Initial indications at the O & I Level 
identify the thermostat control as 
a potential leading cause. 

Lets Start with our Digital 
Twin:

1. Location of the Strike 
Talon UAV within the Fleet

2. Review the Thermostat 
Control

3. Leverage the FRACAS 
Digital Thread

Approved for Public Release
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Checkin’ in with the Digital Twin
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Checkin’ in with the Digital Twin: Preparing for RAM Analysis
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The Living “Digital Twin” & “Digital Thread”:
RAM-C Analysis, Modeling & Simulation

Reliability, Availability, 
Maintainability-Cost (RAM-C) 
leveraging the Digital Twin & 
Thread together via key system 
and support data (i.e. reliability, 
maintainability, cost, and supply 
chain) with RAM-C Modeling 
and Simulation capabilities 
provides decision makers the 
ability to do “what-if” 
Engineering analysis to 
determine lifecycle cost and 
readiness impacts of critical 
design and support 
modifications.

Approved for Public Release
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Digital Thread in Action:
RAM: Failure Reporting Analysis & Corrective Action Analysis

Approved for Public Release
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FMECA: Evaluation of the 
extended effects of 
failures  resulting in the 
loss of functionality that 
directly impacts the ability 
of the system to meet 
requirements.

• Failure Modes listed by 
function or system 
component

• Analysis to determine 
next and higher level 
effects as well as 
qualitative and 
quantitative criticality 
assignment.

Approved for Public Release
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RAM: Failure Modes, Effects & Criticality Analysis
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FTA: Examine combinations 
of hardware / software 
failures, environmental, 
human, and other impacts 
that contribute to the 
undesired top-level event.  

• Focuses on all possible 
system failures of an 
undesired top event.

• Defines the contributing 
factors. 

• Combined with critical 
failure modes from a 
FMECA can clarify where 
resources would have the 
most impact in preventing 
or reducing the likelihood 
of that failure in the 
future.

Approved for Public Release
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RAM: Fault Tree Analysis
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RBM: Modeling of 
components and sub-
system failures combined to 
cause overall system failure.  

• Can start with the initial
predicted failure rate 
established in the “Digital 
Twin”

• Failure rates of each block 
may be linked to 
specified, predicted, or 
actual (FRACAS) values.

• Quantifies reliability and 
compares system 
performance to baseline.

Approved for Public Release
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RAM: Reliability Block Modeling
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Ø Control of complex program decisions, ROI 
analysis, and realistic cost/performance 
optimization studies.

Ø Defensible Modeling and Simulation 
solution to provide senior decision makers 
with ROI analysis, cost/performance trades 
and supportability optimization for program

DOCUMENT 
OBJECTS

PRODUCT 
STRUCTURE 
OBJECTS

•LEVEL OF REPAIR ANALYSIS
•RESOURCE OPTIMIZATION
•MISSION SIMULATION
•READINESS BASED 

OPTIMIZATION-SPARES AND 
REPAIR RESOURCES

•CONDUCT TRADE STUDIES AND 
BUSINESS CASE ANALYSIS
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•OPTIMIZE THE PERFORMANCE 
AND PRODUCT SUPPORT 
CONCEPT OVER TIME

•DIMENSION FACILITIES, 
PERSONNEL, EQUIPMENT, ETC

•MANPOWER TRADE STUDIES

R        
E        
S        
O       
U        
R         
C        
E         
S

•LIFE CYCLE COST ANALYSES
•COST RELATED TO KEY 

PERFORMANCE PARAMETERS
•PROFIT/COST ANALYSES
•BUDGET & FORECASTS
•COMPARING SOLUTIONS
•COST CONTROL

C   
O    
S
T
S

System Availability 
and LCC

Operational 
Limitations

Economic Impacts

The Living “Digital Twin” & “Digital Thread”:
PSA Analysis, Modeling & Simulation

Approved for Public Release
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Understanding the Support Organization
Modeling affects on performance

Modeling the Support 
Organization Structure:
Provides an Analysis of 
Alternatives that directly 
impacts Material Availability 
(Am) and Operational 
Availability (Ao) Is my Support 
Structure optimized to 
deliver?

INPUTS:
• System Description
• Item Structure
• Support Policies

Utilizing the Outputs:
• Alternatives of storage 

facilities
• Optimize transportation 

modes to the types of stock 
• Relationship of different 

item lead times

Approved for Public Release
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Cost Effectiveness Curve
Modeling the Cost of Operational Availability 

Model the overall system 
Life Support Costs critical to 
achieving Ao: 
• Model different design 

decisions in terms of their 
impact on maintenance 
needs, system performance 
life investments and 
support costs. 
• Evaluations of the life 

support cost (LSC) are 
important parts of 
analyzing the total life cycle 
cost (LCC), especially as 
operation and maintenance 
costs typically constitute 
60-70% of the total cost of 
ownership for a system. 

Approved for Public Release
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CE Curve: Increasing System Reliability 
Modeling the Cost of Operational Availability 

12037595

Collaboration by 
Product Support and 
Engineering
Analyze how a certain 
solution and/or 
potential changes to 
different support 
criteria can predict how 
the cost and efficiency 
of a solution are 
impacted.
Evaluating alternatives 
of increasing Reliability 
to reduce the cost of:
• Stock
• Maintenance 
• Personnel
• Storage
• Transportation costs
• Time

Approved for Public Release
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CE Curve: Increasing System Reliability 
Modeling the Cost of Availability 

Approved for Public Release
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Collaboration by 
Product Support 
and Engineering

Evaluate 
provisioning 
/spares based on 
system reliability
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CE Curve: Readiness Based Sparing 
Modeling Readiness by Stock Alternatives

Approved for Public Release
Slide 19 of 25

Model the overall 
system Life 
Support Costs 
critical to 
achieving Ao: 
• Level of Repairs 

Analysis by 
location
• Spares by 

Readiness and/ 
or by location
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CE Curve: Readiness Based Sparing 
Modeling Readiness by Location Alternatives

Approved for Public Release
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Model the overall 
system Life Support 
Costs critical to 
achieving Ao: 
• Level of Repairs 

Analysis by 
location
• Spares by 

Readiness and/ or 
by location

20



5/7/23

11

Reliability Block Diagrams (RBDs)
Analyzing the Product Support Effects

Reliability Block 
Diagrams (RBDs):
Modeling of which 
failures are critical for 
different operational 
modes. 
INPUTS:
• Functional systems 

architecture data
• Component reliability 

data
• Mission times

Utilizing the OUTPUTS:
• Functional availability
• Maintenance actions
• Maintenance times
• Fault tolerances
• spares necessity

Approved for Public Release
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Digging into Operational Availability (Ao) 
Analyzing the loss of operational capability

Approved for Public Release
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Digging into Material Availability (Am)
Model Fleet Readiness- By Tail Number

Reasons for 
Unavailability

Improvement 1:
Increase Spares 

Stock

Improvement 2:
Increase 

Resources

Approved for Public Release
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Optimizing Product Support Performance
A Case Study 

• Only 28 of 68 Depot Workloads Established
- 6 at <90 Day RCT (Full Demand Repair Rate)

• Extremely high Repair Cycle Time (RCT)1

- Lack of Repair Materiel
- Lack of Accurate Repair Manuals
- Deficient Equipment, Tooling, & Training 

• Resulting in 3,900+ repair parts in backlog

Current State RCT at 180 Days

Future State RCT at 60 Days

NMCM

NMCS

MC

1 RCT = Admin disposition, aircraft removal, shipping, repair, back on shelf

NMCM

NMCS

MC

• Achieve Full Demand Repair Rate
- 68 of 68 at <60 Day RCT
- No Backlog; Natural Work in Progress
- Reduced the Lack of Repair Materiel
- Improved Accuracy of Repair Manuals
- Improved Equipment, Tooling, & Training 

• OEM Repair – PBLs & MRAs
• 90-Day RCT = 11% increase in MC
• 60-Day RCT = 17% increase in MC

15.41%

34.14%

50.45%

19.40%

11.65%

68.96%

188

689

559

179

282

975
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Leveraging the “Digital Thread” so that Naval Product Support 
is aligned to Naval Warfighting Concepts and Strategies

Approved for Public Release
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Digital Transformation is Challenging
So Remember to be…….

26


