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ABSTRACT

Implementation of modular or flexible design ships has introduced gaps in the United
States Navy’s logistics and sustainment operations regarding parts support. The Navy’s
supply chain management system must consider ship weight and space constraints,
reduced onboard manning, and a new concept of shore-based support in order to permit
efficient identification and assignment of spare parts to multiple distribution and

maintenance locations to ensure ship mission availability.

Following a systems engineering management process the team identified the
problem, relevant stakeholders, and the system requirements. An analysis of alternatives
was conducted on existing models to determine which one could be suitable for altering
to meet the stakeholders’ requirements. Modeling and simulation was used to simulate
system operations. A model based systems engineering approach using CORE enabled
requirements management and traceability, identification of system functionality, and

development of system diagrams and architectural views.

These techniques resulted in a conceptual and partial preliminary design of the
supply chain management model. This model addresses the need for a parts sparing
system in support of modular or flexible design ships. This research confirms the need for
such a model and the project output provides a basis for continuation of system

development.
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EXECUTIVE SUMMARY

This report addresses the need for a spare parts allocation system in support of modular
or flexible design ships. The research conducted confirmed the need for the supply chain
management model (SCMM) system, development of which the team pursued, and the
project’s outputs provide a basis for continuation of system development. The team
concluded that the existing Multi-Echelon Readiness Based Sparing (ME-RBS) system is
the best alternative suitable for adaptation to support the stakeholders’ needs and
requirements. This model requires additional research to determine whether modification
is viable in terms of design and cost. Another option is the development of a new system
rather than adaptation of an existing system. This option would be preferred if the ME-
RBS system’s design could not be altered and/or if the cost were above that of new
system development. Initial cost analysis, based on assumptions, indicates that adapting
the ME-RBS system would be less costly than constructing a new system. The team
recommends that research and analysis continue in support of the development of the
SCMM system, whether it is the alteration of the ME-RBS system or the creation of a

new system, to meet the identified stakeholders’ needs.

The systems/programs currently in use for determining spare parts allocation do
not provide information that takes into account the ability to modify ships rapidly to
introduce warfare-specific capability through the use of mission modules nor do they take
into account shipboard constraints including manning, space, and weight which impact
ships’ and fleet’s readiness and operational availability, based on the team’s research and
project sponsor input. The Navy’s supply chain management system must consider these
constraints and also a new concept of shore-based support to permit efficient
identification and assignment of spare parts to multiple distribution and maintenance

locations to ensure single or multi-ship and single or multi-mission availability.

To determine and address the problem, Team RSRP’s methodology began with
identifying team member roles and responsibilities to ensure efficient project
development coverage. After a team structure was established, a systems engineering

process was implemented based on a tailored vee model that included the following main
XXi



developmental process phases: needs analysis, system requirements, system architecture,
conceptual design, modeling and simulation (M&S), system integration and test,

component verification, system analysis, and system validation.

The objective of the needs analysis phase was to understand the stakeholders’
needs, wants, and desires, to further develop the initial problem statement, and to refine
the primitive need statement into an effective need statement. A literature review was
conducted to examine the material related to supply chain management (SCM) for
modular or flexible design ships, and to discover the challenges associated with it. The
problem statement was then finalized as follows: As the U.S. Navy drives toward modular
and flexible designs, the currently used surface Navy SCM models do not support
modular or flexible design ships. These ships require an off-ship maintenance support
structure consisting of multiple logistics and repair nodes due to shipboard constraints

including manning, space, and weight.

The gap, which is the difference between the current state of the system and how
the stakeholder needs the system to perform and operate, was identified as: The
systems/programs currently in use for determining spare parts allocations do not provide
information that takes into account the ability to modify ships rapidly to introduce
warfare specific capability through the use of mission modules nor do they take into
account shipboard constraints including manning, space, and weight which impact ships’
and fleet’s readiness and operational availability. A functional analysis was performed

next to identify the functions of the system through the utilization of use case scenarios.

The capabilities of the system were identified with the sponsor at this time, also.
These were convert (or process) data inputs into information to be used for providing
spare parts at various locations based on the use case scenarios and allow the users to
conduct sensitivity analysis based on the inputs for trade-off analysis for cost,
operational availability (Ao), personnel requirements, weight, and/or space, both derived
from the need statement. Research was conducted during the needs analysis phase to
include stakeholder “wants” until the system’s functions were identified. The top-level

functions of the system were determined to be as follows:
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o Enable graphic user interface

o Receive data

o Process data

o Provide output
. Maintain system
. Secure system

Once the problem and effective need statements were defined, agreed upon by the
sponsor, and understood by the stakeholders, the system requirements analysis was
conducted based on the Buede method for requirements analysis. The top level system
requirement, the originating requirement for the SCMM system, is the need statement:
The stakeholders need information to determine sparing of parts at existing and multiple
supply points in order to support the Navy ’s modular/flexible ships within the constraints
of manning, space, weight, location, and cost/budget. Input-output analysis was
conducted to scope and bound the problem. An input, control/constraint, output, and
mechanism (ICOM) diagram and context diagram were developed as a result of these
analyses. Functional and non-functional requirements were identified from the system
requirements development based on the previously conducted functional analysis of the
system. The system’s requirements were captured in Vitech’s CORE, a systems
engineering and project management toolset that was used to trace the system
requirements to stakeholder needs, document system functionality, and document the
system architecture (Vitech 2013).

The system architecture phase was used to capture the logical sequencing and
interaction of system functions or logical elements. The system architecture was
documented using CORE, which also provided a model based systems engineering
(MBSE) capability. The team utilized the Department of Defense Architecture
Framework v2.02 (DODAF) to define the different architecture views of the system
design. Three architectural views, capability view (CV), operational views (OVs), and
system views (SVs), were created to show the relationship of inputs and outputs and
constraints and mechanisms of the system design. The output of this phase was a high

level system design and a generic architecture that met the needs of the stakeholders.
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During the conceptual design phase a methodology to identify a system design
that met the functional and performance requirements of the SCMM system was
followed. To screen established and operational models within the Department of
Defense (DOD) community for possible adaptation, Team RSRP used weighted criteria
based on the SCMM system requirements to conduct an analysis of alternatives (AoA).
Twenty-three alternatives were generated, and the three highest scoring alternatives were
further analyzed. The benefits and disadvantages of each were determined resulting in
recommendation of a model for further investigation and possible modification to fill the

Navy’s supply chain gap.

In the modeling and simulation phase, the SCMM system and the current system
used to support modular and flexible design ships were simulated using Imaginethat
Inc.’s ExtendSim to simulate operations and determine expected system performance
versus current system performance. Microsoft Excel was used to provide a proof of
concept of the SCMM system. A model based systems engineering approach using
CORE enabled requirements management and traceability, identification of system
functionality, and development of system diagrams and architectural views. These

techniques resulted in a conceptual and partial preliminary design of the SCMM system.

The system integration and test phase was accomplished concurrently with the
M&S phase to demonstrate that the expected system performance would be effective and
suitable. A test plan was created, and level one and level two testing were accomplished.
Due to this capstone project’s schedule constraint, the design was not mature enough to

conduct trade-off studies or testing to ensure readiness and maturity of the system design.

In the integration and test phase the intent was to assemble, integrate, and test the
system elements to evaluate its design. Performance characteristics were to be verified
and the design issues were to be identified to the stakeholders. Trade-off studies,
including readiness and maturity of the system design, should have been conducted. Due
to this capstone project’s schedule constraint, system integration and test did not include
the assembly, integration, and test of the system elements, but did include system
verification, system analysis, and system validation of the SCMM system simulation that

was created in the M&S phase.
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Due to an immature design, the team did not perform the component verification
phase of the systems engineering process (SEP). This phase is conducted through an
effective combination of analysis, inspection, demonstration, and testing that gauges the
maturity of each component of the design (i.e., software [S/W] and supportability) prior

to integrating the overall system design solution.

In the system analysis phase, design alternatives were evaluated during the AocA
conducted in the conceptual design phase; cost and risk analyses were also performed.
The AoA was conducted using value modeling, based on a weighted chart, and with a
numerical evaluation matrix to determine the model that best satisfied the stakeholders’
requirements. Cost analysis was conducted using the constructive systems engineering
cost model (COSYSMO), a model used to help assess the cost and schedule implications
of systems engineering decisions. COSYSMO was used to evaluate the different
alternatives that resulted from the AoA. The risk analysis focused on the SCMM system
and capstone project risks. This analysis was conducted throughout the SEP and resulted
in the development of the Risk Management Plan addressing the programmatic and
technical risks of the project and system. The output of the system analysis phase was the
identification of a system alternative suitable for adaptation to support the stakeholders’

needs and requirements.

The last phase of the tailored SEP, system validation, ensures that the as-designed
system meets the system requirements in conformance with the stakeholders’ needs
(Blanchard and Fabrycky 2011). This process also demonstrates that the designed system
achieves its intended use in the intended operational environment (Blanchard and
Fabrycky 2011). Although this phase was not performed in its entirety due to the
immaturity of the system design, it is recommended that system validation continue
throughout the design of the SCMM system by performing progressive and iterative
integrated system testing to validate the maturity of the system and assess overall system

readiness.
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Team RSRP was able to apply a tailored SE approach to define and conceptually
design a solution to a U.S. Navy supportability problem. It is hoped that additional
research supports further development and that analyses are conducted in support of
finalizing the design of this SCMM system.
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l. INTRODUCTION

Today, the United States (U.S.) Navy continues to be the world’s most powerful
navy when considering the factors of size, harnessed technology, and the geographical
area the U.S. Navy covers (Work 2008). In fiscal year 2012, $38,120,800,000 was
enacted to support the sustainment operations of the many different classes of ships
within the Navy (Under Secretary of Defense [Comptroller] 2012). According to the
Under Secretary of Defense (Comptroller) as indicated on the “Under Secretary of
Defense (Comptroller)” website:

The Operation and Maintenance, Navy (OMN) appropriation finances the

day-to-day costs of operating naval forces, including fuel, supplies, and

maintenance of ships, Navy and Marine Corps aircraft, related weapon
systems, and the support establishment ashore. The primary focus of the

Department’s budget is to continue to ensure the readiness of deployed
forces. (Under Secretary of Defense [Comptroller] 2012)

The supply chain personnel are responsible for overseeing a diverse assortment of
goods, material, and equipment that must be integrated, transported, and maintained to
keep the Navy’s ships afloat and fully operational. The supply chain that is used to
coordinate the parts and personnel for the operations and sustainment of the Navy’s fleet
is extensive. This supply chain is operated and supported by defense contractors, private
industry suppliers, and Department of Defense (DOD) supply organizations that cover the
globe with sustainment logistics from a multitude of facilities and locations. The
geographical breadth in which the Navy operates presents a major challenge with
sustainment activities being able to meet operational requirements such as ship mission
availability, maintenance times, and personnel support. Logistics and sustainment
operations must now provide support to modular or flexible optimally-manned classes of
ships taking into account weight, space, and personnel constraints that limit parts sparing
methods and maintenance actions onboard ships while taking advantage of off-ship
support structures. Parts sparing methods use models that are in current use to determine
which parts to allocate shipboard in order to support a ship’s operational availability

requirement.



A OVERVIEW

The amount of material required to support a ship is vast and varies by ship class
and configuration which may include integrated weapon systems, electronic equipment
for communication and detection, aircraft support and additional personnel assigned to
the ship for mission support. The personnel considerations necessary to complete the
maintenance actions on a ship require training and planning for effective support. The
majority of today’s traditional U.S. Naval ships’ supply chains rely on readiness based
sparing (RBS) to supply the various ship classes. According to the Assistant Secretary of

Defense, as described on the “Supply Chain Integration” webpage, RBS

...1s the practice of using advanced analytics to set spares levels and
locations to maximize system readiness. RBS has been part of Department
practice since the 1960s, when it was used to optimize aircraft availability,

and is incorporated into DOD Supply Chain Materiel Management

Regulation (DOD 4140.1-R) as the preferred method for calculating

inventory levels. (Assistant Secretary of Defense, Logistics and Materiel

Readiness 2012)

In recent years, the U.S. Navy, along with naval forces around the world, has
begun to plan and build new ship classes to be flexible in design, resulting in each ship
having modular equipment that can be integrated for specific mission requirements. The
idea of being able to switch out modular equipment has come to the forefront with regard
to ship design because it will allow a specific ship to be able to support many different
missions with varying configurations that can be integrated for each mission. The intent
is to reduce the number of different ship classes while increasing the capabilities of each
individual ship class. However, this has resulted in the need for a more flexible and
responsive supply chain to support the sustainment of these configurations and the

supportability and maintenance of the modular mission packages.

Team Right Spare, Right Place (RSRP) has developed a conceptual design of the
supply chain management model (SCMM) that will serve as a sparing tool to bridge the
gap that currently exists in the support of modular or flexible optimally-manned ships.
This project is sponsored by Mr. Robert (Bob) Howard of the Naval Surface Warfare
Center (NSWC), Port Hueneme Division (PHD). Mr. Howard is the Supportability



Manager for the Land Attack Systems Engineering (SE) and Test & Evaluation Division
(L20). This capstone project report summarizes the results of the NPS Cohort 311-
123L’s efforts on this NSWC PHD sponsored capstone project. It also outlines the SE
process used and documents the findings in each phase of that process.

B. PROJECT BACKGROUND

Mr. Howard, in a July 2013 meeting, explained that the U.S. Navy has begun to
focus acquisition strategies to incorporate more modular and flexible designs for surface
ship architecture in an effort to improve procurement and life cycle costs and to support
rapid introduction of capability. Modularity in this emphasis defines an approach that
subdivides systems into smaller parts (modules) that can be independently created and
then used in different systems to drive multiple functionalities (Chief Information
Officer, Department of Defense 2007). Mr. Howard added that given the emphasis on
modularity, the Navy is also placing importance on personnel requirements that are
optimized to modular or flexible constructs. However, Mr. Howard suggested, as the U.S.
Navy drives toward more modular and flexible designs, the current surface Navy supply
chain models do not support a modular architecture nor an off ship maintenance support
structure that requires multiple logistics and repair nodes to reflect optimal personnel
requirements or supply points constrained by space and weight. Examples of the modular
or flexible optimally-manned ships Mr. Howard referred to include the littoral combat
ship (LCS) and DDG-1000. DDG-1000 will be a new class of guided missile destroyers.

It was developed as part of the twenty-first century destroyer program.

In an interview with Mr. Howard and the team on August 23, 2013, he made clear
that currently LCS personnel originate a spares list but not from a model or quantitative
analysis because the current RBS model does not support this maintenance concept. Mr.
Howard advised that the Naval Supply Systems Command (NAVSUP) also affirms that
existing models or algorithms do not support this maintenance concept; they are
interested in efforts to solve this problem because, according to Mr. Howard, the LCS

program office needs an improved means to maintain ships and naval readiness.



The primary objective of this project was to address the needs of the stakeholders
using a documented systems engineering process (SEP) to develop a supply chain
management (SCM) model in support of modular or flexible optimally-manned ships.
During the stakeholder analysis, critical assumptions and constraints were also identified.
According to an article posted on the Loyola University Chicago website:

Each assumption is an ‘educated guess,” a likely condition, circumstance

or event, presumed known and true in the absence of absolute certainty.

Each constraint is a limiting condition, circumstance or event, setting

boundaries for the project process and expected results. Once identified,

these assumptions and constraints shape a project in specific, but

diverging ways - assumptions bring possibilities, and constraints bring
limits. (Loyola University Chicago n.d.)

Some key assumptions used in this analysis were:

o Funding was available to implement this SCMM.
o No classified information was transmitted through the SCMM.
o The model can be used by any modular or flexible design system.

(Although the team’s model focused on LCS as a proof of principle, it was
assumed that the model can be used by any modular or flexible designed
system.)

In addition to the assumptions listed here, the team assumed certain constraints.
Team RSRP’s SCMM was constrained by the requirement to be interoperable with other

software systems currently used by the stakeholders and hosting platform requirements.

In the same August 23, 2013, discussion with Mr. Howard, he continued to
explain that as a part of Department of Navy (DoN) acquisition strategy, acquisition
personnel are looking at continuing to apply a modular or flexible design to future ships
to support rapid introduction of capability in support of multiple missions. As part of this
capability, a process and approach for optimizing the allocation of spares at the war
fighters’ level and at multiple maintenance nodes are required. The current manual
process comprises a team of logisticians and engineers who gather recent failure data and,
along with the subject matter experts’ knowledge of the system, use this information to
compile a spares list to stock parts in the mission module container that will be employed
onboard ship. The process used to calculate spare parts to support the ship, maintenance,



and warehouse facilities is based on the current RBS model, which has proven not to
meet the manning, space, and weight constraints imposed by this modular or flexible

design.

Mr. Howard continued to articulate that from a stakeholder perspective, this
supply chain issue is a very real problem. As he explained, even after many meetings and
many hours spent trying to resolve the issue of supply chain management and spares
allocation, there are still ships operating with a list of spares no one confirmed is
correct—(i.e., it may not actually match up with the spares that are needed based on
actual or quantitatively derived failures). The efforts made in this report will help to
rectify this problem, and it is hoped that these efforts will contribute significantly to

support the U.S. Navy fleet.

C. PROJECT TEAM

The Systems Engineering Management (SEM) cohort 311-123L, called Team
RSRP, consisted of 10 Naval Postgraduate School (NPS) students. Eight students were
from NSWC PHD and two students were from NSWC Crane Division (CD). In order to
address the problem, the team organized and completed tasks according to the roles

shown in Table 1.

Role Team Member

Team Lead Alain DelLeon

Scheduler Victoria Woods (lead), Raymond Chun

Secretary Julie Ligman (lead), Hang Nguyen

Modeler David Faulk (lead), Aaron Oostdyk, Alain
DeLeon

Editor Viviane Bonagrazia-Healey (lead), Victoria
Woods, Julie Ligman, Brandon Will, Zachary
Crane

Sponsor Liaison Viviane Bonagrazia-Healey

Librarian Brandon Will

Literature Reviewer Hang Nguyen (lead), Victoria Woods

Table 1. Team Project Roles and Personnel



The Systems Engineering Management Plan (SEMP) has additional details on the
team roles and responsibilities. To obtain the SEMP, please contact Mr. Raymond Chun

at Raymond.Chun@navy.mil.

D. SYSTEMS ENGINEERING PROCESS

To develop the SCMM system, a suitable SEP was determined for the project.
There are various lifecycle development models that have been created and applied to
system development projects. These models are used throughout government and
industry and are based on one of three influential process models: the waterfall process

model, the spiral process model, and the “vee” process model.

The waterfall process model is a sequential design process in which progress is
seen as flowing steadily downwards, like a waterfall, ranging from a series of five to
seven steps performed sequentially (Blanchard and Fabrycky 2011). Introduced by Royce
in 1970, it was initially used for software development; in 1981, Boehm expanded the
model into eight steps (Blanchard and Fabrycky 2011). Each step is completed prior to
beginning the next step; the phases must be repeated when deficiencies are found
(Blanchard and Fabrycky 2011). The main drawback of the waterfall model is its serial
nature as this requires problems to be fixed before proceeding to the next phase
(Blanchard and Fabrycky 2011). This serial nature, thereby, makes it difficult to tailor to
the engineering methodology needed to support this project, which is iterative in nature,
meaning that as the team progresses through the various phases it will revisit those as

more information becomes available and changes are required.

The spiral model is another well-known example of engineering methodology
used for software development. It was developed by Boehm in 1986 using Hall’s work in
systems engineering, and is an incremental model that places more emphasis on risk
analysis (Blanchard and Fabrycky 2011). The project repeatedly passes through various
phases in iterations (spirals) when creating a prototype, and risk within the prototype is
evaluated prior to proceeding to the next phase of the design (Blanchard and Fabrycky
2011). The spiral model is a variation of the waterfall model (Blanchard and Fabrycky
2011).



The third well-known example of engineering methodology is the vee process
model developed in 1991 by Forsberg and Mooz (Blanchard and Fabrycky 2011). It also
can be used for software development but it is more a graphical representation of a
sequence of steps in developing a system using various systems engineering phases
(Blanchard and Fabrycky 2011). On the left side, the vee model identifies the
decomposition, architecture, and detailed design; while on the right, the component
integration and system validation verifies readiness of the system (Blanchard and
Fabrycky 2011). This model is simple and straightforward with analysis, verification, and
testing conducted early in each phase. It includes a top down and bottom up approach that

allowed for process tailoring.

Based on the three different SE processes researched, the waterfall model, the
spiral model, and the vee model, team RSRP selected the vee model. The other two
models are more sequential, and were not a good fit for the concept of the capstone
project. The vee model is more suitable to tailor for the system being developed and the

availability of the team’s personnel, time, and expertise

The team tailored the vee model to reflect the unique needs of the SCMM system
development accounting for the project schedule, organizational structure, and the type of
system being developed. The vee model and the team’s tailored SE vee model are shown
in Figure 1. The tailored SE vee model started with defining customer wants on the upper
left and ended with validation on the upper right. The left side had the decomposition and
definition activities, including identification of the system requirement, system
architecture, conceptual design and modeling and simulation. The system integration and
test activities flow upward to the right as different levels of the design were verified and
validated: this included component verification, system analysis and system validation.
At each level of verification, the original requirement was compared to ensure the design
met the specification. A concurrent approach was used to ensure the design was
supportable, functionally capable, and maintainable. This resulted in the design of the
product meeting the customers’ needs as the team progressed through the various phases

of the Systems Engineering Process (SEP). The review, evaluation, and feedback process



were continuous throughout system design and development. (Forsberg and Mooz 1991).
The end result of this SEP should be a conceptual design of the SCMM system to support
modular and flexible design ships.

The SE “Vee” Process

CoNCEPT OF

Vs ‘:, . J OPERATIONS &
OPERATIONS ""\ ‘«'

MAINTENANCE

REQUIREMENTS SYSTEM
& VERIFICATION &
PROJECT ARCHITECTURE VAUGATION PROJECY Taor
OEMNmOoN INTEGRATION

oeraieo | TESRATON

VERIFICATION

T™ME
Tailored SE “Vee” Process
Customer ‘ Customer
Wants / MustS \..m\ r 7 Satisfaction
Needs Analysis | "; ,\3‘ System Validation
System @‘—0 [ “‘
Requirements ‘\ I | System Analysis
System ‘
Architecture | (mnpomnl
Conceptual | / | Verification
Design
ﬁ\\l;m Integration
Modeling and G oy 1o,
Simulation
Figure 1. Tailored Systems Engineering Process (after Forsberg and Mooz 1991)

1. Needs Analysis

The first phase of the tailored SEP was to understand the stakeholders’ needs,
wants, and desires. Stakeholder and need analyses were conducted to further develop the
initial problem statement and to refine the primitive need statement into an effective need
statement. The problem statement and effective need statement were accepted by the
sponsor. Following these steps, a functional analysis was conducted to determine what
the SCMM system must do. A functional flow block diagram (FFBD) was created in
CORE. Blanchard and Fabrycky state that functional flow block diagrams (FFBDs) are

used “...to describe the system and its elements in functional terms” (2011, 699). FFBDs
8



reflect ““...operational and support activities...and they are structured in a manner that
illustrates the hierarchical aspects of the system” (Blanchard and Fabrycky 2011, 699). It
was very important to identify and organize the functions and sub-functions in a
meaningful way allowing for generation (or analysis) of alternatives during the
conceptual design phase (Chapman, Bahill and Wymore 1992). It also helped to ensure
that, during the team’s SEP conceptual design phase, the design alternatives would meet
the needs of the stakeholders (Chapman, Bahill and Wymore 1992).

2. System Requirements

Once the problem and effective need statements were defined, agreed upon by the
sponsor, and understood by the stakeholders, a system requirements analysis was
conducted based on the Buede method for requirements analysis. Input-output analysis
was conducted to scope and bound the problem. An input, control / constraint, output,
and mechanism (ICOM) diagram and Context diagram were developed as a result of
these analyses. Functional and non-functional requirements were identified from the
system requirements development based on the previously conducted functional analysis
of the system. The system’s requirements were captured in Vitech’s CORE, a systems
engineering and project management toolset that was used to trace the system
requirements to stakeholder needs, document system functionality, and document the
system architecture. This phase was needed to complete the design to sufficient detail for
a specification to be delivered to the design teams responsible for the configuration items
of the system. The team was unable to develop the design to the level of detail required
for configuration items to be identified, but did provide a set of requirements that could
be further decomposed to reach this level of specification.

3. System Architecture

The system architecture (SA) phase captured the logical sequencing and
interaction of system functions or logical elements. The system architecture was
documented using CORE, which also provided a model based systems engineering
(MBSE) capability. The team utilized the Department of Defense Architecture
Framework v2.02 (DODAF) to define the different architecture views of the system

9



design. This framework outlines a common approach for DOD architecture description,
development, presentation, and integration (Vickers and Charles-Vickers 2006). Three
architectural views, capability view (CV), operational views (OVs), and system views
(SVs), were created to show the relationship of inputs and outputs and constraints and
mechanisms of the system design. The output of this phase was a high level system

design and a developing architecture that met the needs of the stakeholders.

4. Conceptual Design

The purpose of this phase was to initially identify a system design that met the
functional and performance requirements of the SCMM system. The conceptual design
was accomplished in conjunction with the system analysis phase by conducting an
analysis of alternatives (AoA). The team used this phase to narrow down the best

alternative to meet the needs of the stakeholders/sponsor.

5. Modeling and Simulation

During this phase, the conceptual design of the SCMM system was modeled using
various methods, including simulation, to determine expected system performance or
behavior. The modeling and simulation (M&S) output provided insights about the design

solutions, empirical data on performance, effectiveness, and processes.

6. System Integration and Test

In this phase, system elements are assembled, integrated, and tested to evaluate
the system design. The system integration and testing verifies performance characteristics
and identifies design issues to stakeholders. Trade-off studies, including readiness and
maturity of the system design, should be conducted. Due to this capstone project’s
schedule constraint, system integration and test included system verification, system
analysis, and system validation of the SCMM system simulation that was created in the
M&S phase. This phase was accomplished concurrently with the M&S phase to ensure

the simulated system’s effectiveness and suitability.
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7. Component Verification

Component verification of all levels of the architecture is conducted through an
effective combination of analysis, inspection, demonstration, and testing. This gauges the
maturity of each component (i.e., software [S/W] and supportability) prior to integrating
the overall system design solution. The team did not perform this phase of the SEP due to

the immaturity of the system design.

8. System Analysis

During the system analysis phase design alternatives were evaluated by
conducting an AoA to identify potential solutions that could satisfy the requirements and
support a decision based on the most effective solution. Blanchard and Fabrycky state
that an AoA “... facilitates determination by the customer of the best design alternative
based on the results of modeling and analysis...” (2011, 169). The AoA was conducted
using value modeling, based on a weighted chart, and with a numerical evaluation matrix

to determine the model that best satisfied the stakeholders’ requirements (Buede 2000).

Cost analysis was conducted during this phase to evaluate the different
alternatives. The constructive systems engineering cost model (COSYSMO) was used to
evaluate the different alternatives that resulted from the AoA conducted during the
conceptual design phase. Use of COSYSMO allowed the team to help assess the cost and

schedule implications of systems engineering decisions.

Risk analysis was conducted throughout the SEP focusing on the SCMM system
and capstone project risks. This analysis resulted in the development of the Risk
Management Plan addressing the programmatic and technical risks of the project and

system.

The output of this phase was the identification of a system alternative suitable for
adaptation to support the stakeholders’ needs and requirements. The risk analysis resulted
in the development of the Risk Management Plan addressing the programmatic and

technical risks of the project and system.
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9. System Validation

System validation ensures that the as-designed system meets the system
requirements in conformance with the stakeholders’ needs (Blanchard and Fabrycky
2011). This process also demonstrates that the designed system achieves its intended use
in the intended operational environment (Blanchard and Fabrycky 2011). Although this
phase was not performed in its entirety due to the immaturity of the system design, it is
recommended that system validation continue throughout the design of the SCMM
system by performing progressive and iterative integrated system testing to validate the
maturity of the system and assess overall system readiness. Recommendations on how to

conduct the validation can be found in the System Integration and Test chapter.

10. SE Process Status

The SEP in its entirety was not completed due to the time constraints of the
capstone project’s timeframe. Figure 2 provides a reference point for each of the phases
and their completion. The needs analysis phase is complete, signaled by a star; the system
requirements, system architecture, conceptual design, modeling and simulation, system
integration and test, system analysis, and system validation phases require additional time
and development to complete the SCMM system, signaled by a check. The component
verification phase could not be accomplished, signaled by an “x.”
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E. SYSTEM LIFECYCLE

In order to develop the SCMM system, it was important to consider the system

lifecycle, and break down the product life cycle into two phases: the acquisition phase

and the utilization phase (Blanchard and Fabrycky 2011). The acquisition phase begins

with the need and conceptual / preliminary design stage, followed by the detailed design

and development and production stages. The utilization phase includes the operations and

support stage of the system and the disposal stage. These phases and stages are illustrated

in Figure 3. The work for this capstone project was conducted under the acquisition

phase, in particular, the need and conceptual / preliminary design stage.
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Figure 3. Life Cycles of the System (from Blanchard and Fabrycky 2011, 30)

According to Blanchard and Fabrycky:

Life-cycle guided design is simultaneously responsive to customer needs (i.e., to
requirements expressed in functional terms) and to life-cycle outcomes. Design
should not only transform a need into a system configuration but should also
ensure the design’s compatibility with related physical and functional
requirements, Further, it should consider operational outcomes expressed as
producibility, reliability, maintainability, usability, supportability, serviceability,
disposability, sustainability, and others, in addition to performance, effectiveness,
and affordability. (Blanchard and Fabrycky 2011, 30-31)

Correspondingly, and in line with the team’s modified vee systems engineering
process, Table 2 depicts the technical activities that were conducted during the
acquisition phase, in particular the conceptual / preliminary design stage, and how each
of those corresponds to the team’s modified vee SEP, using as a guide the information
found in Systems Engineering and Analysis (Blanchard and Fabrycky 2011, 32 and 34).
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Acquisition Phase

Technical Activities

Vee SEP Phase

Conceptual Design

Problem Definition,
Need ldentification,
Stakeholder Analysis,
Functional Definition
of System; Functional
Analysis

Needs Analysis

Conceptual Design

Requirements Analysis;
Operational
Requirements,
Performance Measures

System Requirements

Preliminary Design

Requirements
Allocation

System Requirements

Conceptual Design

Capability and
Operational Views

System Architecture

Preliminary Design

System Views

System Architecture

Conceptual Design Evaluation of Conceptual
Technology Design/System
Analysis
Preliminary Design Trade-off Studies, Conceptual
Analysis of Design/System
Alternatives, Synthesis | Analysis
Preliminary Design Evaluation of Design, Modeling and
Evaluation of Design Simulation/Integration
Alternatives and Test/System
Validation

Table 2.

The system integration and test phase and the system validation phase were
performed to some extent but not in their entirety due to the immaturity of the system
design. The component verification phase was not performed for the same reason. System

analysis for risk was performed throughout the project and design/development of the

SCMM system.

F. TECHNICAL TOOLS

Tools for this project included the Microsoft Office suite, Vitech’s CORE,
Imaginethat Inc.’s. ExtendSIM, and Ricardo Valerdi’s COSYSMO, as applicable. CORE
is a robust systems engineering and project management tool that allows the user to

quickly house and document important data pertinent to systems engineering problems.
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ExtendSIM is a simulation program for modeling discrete and continuous events.
COSYSMO, the constructive systems engineering cost model, estimates the person-
months required to staff hardware and software projects. The NPS Sakai site and the
services it provided were used as the primary collaboration environment for the team
members. These tools were provided for use by the Naval Postgraduate School during the

course of the Systems Engineering Management program.

G. SUMMARY

The Navy’s supply chain is an extensive and integral component for sustainment
operations ensuring ship mission readiness. A new approach to allocating repair parts in
support of readiness must be developed and implemented to optimally sustain emerging
ship classes that utilize modular or flexible design equipment for increased mission
capabilities. Project team RSRP began the research and development of closing this
capability gap in the Navy’s supply chain management by applying system engineering
techniques to create the foundation for the supply chain management model (SCMM)
system that considers ship constraints for weight, space, and available manpower to

provide the user with identified repair parts and allocation.

Team RSRP’s methodology began with identifying team member roles and
responsibilities to ensure efficient project development coverage. After a team structure
was established, the team tailored the vee SEP to reflect the unique needs of the SCMM
system development. This tailored vee included the following main developmental
process phases: needs analysis, system requirements, system architecture, conceptual
design, modeling and simulation, system integration and test, component verification,
system analysis, and system validation. The system lifecycle was considered during
project development. While the majority of the work completed during this capstone was
conducted under the acquisition phase, system characteristics of the utilization phase
were considered during development to help transition to future system fielding and use.
The technical tools utilized were made available by the Naval Postgraduate Systems
Engineering Management program and were implemented during the research,

architecting, design, and modeling and simulation phases of the project.
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The team worked in conjunction with the project sponsor, Mr. Howard, NSWC
PHD, to identify and understand the problem, gaps, and requirements necessary for
system development. Chapters within this report will show how the system development
evolved from an identified need to conceptual design of the SCMM system, following the

vee SEP, to sustain the emerging flexible and modular ships of the U.S. Navy.

17



THIS PAGE INTENTIONALLY LEFT BLANK

18



II.  NEEDS ANALYSIS

The objective of the needs analysis phase was to understand the stakeholders’
needs, wants, and desires and to further develop the initial problem statement and refine
the primitive need statement into an effective need statement. A literature review was
conducted to examine the material related to SCM for modular ships, and to discover the
challenges associated with it. The problem statement was finalized, and the gap (the
difference between the current state of the system and how the stakeholder needs the
system to perform and operate) was identified. A stakeholder analysis was conducted to
determine their needs and develop the effective need statement. A functional analysis was
then performed to identify the critical functions of the system by developing use case

scenarios.

A PROBLEM DEFINITION

The purpose of the problem definition was to develop a final problem statement
approved by the sponsor. This required analysis and communication with the sponsor that
resulted in the final project scope and an understanding of the system boundaries. Mr.
Howard’s statement in the July 23, 2013, meeting with the team provided the original
problem definition: Current surface Navy supply chain models do not support a modular
architecture and an off ship maintenance support structure requiring multiple logistics
and repair nodes to reflect optimal manning or constrained physical and weight
constrained supply points.

1. Research Questions

Based on the problem statement, the team used the following questions to guide

the literature review and research:

o What are modular or flexible ship designs?
o What is meant by “optimal manning”?
o What are other organizations using for SCM models in support of modular

or flexible design?
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o How do shipboard space and weight constraints affect modular or flexible
designed ship?

o What metrics can be used to assess sparing model performance?
o Why does the gap (problem) exist? What sources help to explain the gap?

o What metrics can be used to assess sparing model performance?
2. Literature Review

Using the research questions, the team searched available literature including
scholarly articles, journals, and reports to examine the material related to SCM for
modular ships and to discover the challenges associated with it. In the review of the
literature, the team found information that included examples of SCM in the DOD:
information about warehouse management processes; examples of time-based
distribution of parts and supplies; examples of different inventory management methods;
and sea-frame constraints of the U.S. Navy’s modular ship class LCS. The capstone team
used the research questions to focus the research on areas related to modular or flexible
ship design characteristics, logistics support requirements, supply chain management
methods, and modeling methods. Systems engineering processes were also investigated

to determine a methodology suitable for project use.

A portion of literature review focused on the Navy’s LCS use of emerging
technology associated with robotic packages (unmanned air, surface, and underwater
vehicles) and modular weapons and sensors (Sayen 2012). The modular systems utilizes
different payload packages (modules), which are each designed to fit a common
cargo/weapons bay or slot and focus the ship on a specific mission: LCS mission modules
include packages for mine warfare (MIW), anti-submarine warfare (ASW), anti-air
warfare (AAW), and anti-surface warfare (ASUW) (Sayen 2012). When a ship’s mission
changes, it can quickly exchange its current module for one that reinforces the alternate
mission; a quick exchange of modules is an attempt to obtain the benefits of both single
and multi-mission platforms (Sayen 2012). SCM plays a critical role in achieving the end
goal of supporting modular or flexible design ships. Military supply chain management is
the discipline that integrates acquisition, supply, maintenance, and transportation

functions with the physical, financial, information, and communications networks in a
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results-oriented approach to satisfy joint force materiel requirements (Joint Chiefs of
Staff 2013). SCM works to develop, design, and deliver optimal material support while
maximizing resources to provide the right parts at the right time to better allow for the
sustainment of weapon systems throughout their life cycle (Joint Chiefs of Staff 2013).

LCS operates with a minimal but cross-trained ship force (Defense Industry Daily
2014). A cross-trained crew is one that can operate multiple systems on the same ship.
On other ship classes these systems are normally operated by a system specific trained
operator. For example, a sailor is specifically trained to become a subject matter expert
(SME) and operate the Rolling Airframe Missile system. A different sailor’s specialty
might be the 57mm gun. These two sailors typically do not have training on how to
operate each other’s equipment. According to the Defense Industry Daily website, the
LCS class ships are “...intended to operate with a core crew of 40 sailors, plus a mission
module detachment of 15 crew and an aviation detachment of 25 crew” (Defense
Industry Daily 2014). Mission types include mine warfare (MIW), 24 crew planned; anti-
submarine warfare (ASW), 16 crew planned; and anti-surface warfare (ASUW), 24 crew
planned (Defense Industry Daily 2014). Each ship has a pair of 40-person crews (Blue
and Gold), which will shift to three crews over time that can deploy in four-month
rotations. (Defense Industry Daily 2014) The website, on its webpage “LCS: The USA’s
Littoral Combat Ships,” states that “There are concerns that this is a design weakness,
leaving the LCS crew at the edge of its capabilities to just run the ship, with insufficient
on-board maintenance capabilities” (Defense Industry Daily 2014). The team concluded
that due to the personnel constraint on the LCS ship class described on the “LCS: The
USA'’S Littoral Combat Ships” webpage, the ships will rely heavily on SCM for distance
support processes and applications to fully enable the operational-manning of these
optimally crewed ships. The preventative, predictive, condition-based, and corrective
maintenance and logistics functions for spare parts and repairs will be partially or
completely absorbed by shore-based infrastructure due to the reduced shipboard

personnel.

In a 2013 article on the America’s Navy website, Sky M. Laron, Yokosuka
Director of Corporate Communications at NAVSUP’s Fleet Logistics Center (FLC),
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quoted Commander Mark Sheffield, NAVSUP FLC Yokosuka Operations Director, who
stated: “[Logistics Support Teams] conducted a continual planning analysis to ascertain
both the known and unknown of the very specific support requirements that are needed
by the Navy’s newest minimally manned platform” (Laron 2013). Laron, in the same
2013 article, also quoted Commander Jerry King, NAVSUP FLC Yokosuka, Site
Singapore Director, who stated: “Fast, efficient and comprehensive support in logistics
and contracting continues to be challenging but very successful. By ensuring our shore
infrastructure is resourced properly we will maintain long term success of multiple LCS
platforms abroad” (Laron 2013). Laron credits flexibility as a key factor in successfully
meeting LCS’s requirements portside (Laron 2013). These statements further justify the

need for an effective SCM model to support modular or flexible design ships.

For the Army, the supply concepts have to be integral to the modern battlefield.
The Army must optimal logistical support to maximize its combat power in order to
provide timely, efficient, and effective logistical support to operational units. The Army
supply chain management process provides items necessary to equip, maintain, and
operate a military command. If there is a supply shortage such as ammunition, fuel, or
repair parts during the missions, it can cause units in the missions to reach their
terminating point before they accomplish the operation. (Department of the Army
Headquarters 2000) These same concepts are analogous to the needs of the Navy, as well,
in terms of supply concepts. Army logistics needs to demonstrate five essential
characteristics: initiative, agility, depth, versatility, and synchronization for successful
support operations. (Department of the Army Headquarters 2000, 1-1) These five
characteristics are defined in Table 3 and the supply applicability is detailed therein.
These characteristics are also applicable to Navy logistics for successful support of

operations.
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TENET DEFINITION SUPPLY APPLICABILITY

INITIATIVE Setting or changing the | Thinking ahead and anticipating
terms of battle by action. future  requirements  while

planning supply needs beyond
the current operation.

AGILITY The ability of friendly | Physical agility depends upon
forces to act faster than the | the right quantity of supplies,
enemy. both enough but not too much.

Mental agility can be affected by
low morale or poor health,
which can be caused by the
wrong amount of supplies, for
example; food, water, clothing.

DEPTH The extension of operations | Proper use of supplies plays a
in space, time, and | critical role in achieving and
resources. maintaining momentum in the

attack and elasticity in the
defense.

VERSATILITY The ability to tailor forces | The successfulness of moving

and move rapidly and
efficiently from one mission
to another.

from one mission to another will
not be efficient if the supplies
are not in the right place at the
right time.

SYNCHRONIZATION

The arrangement of
battlefield  activities to
produce maximum

combat power at the

decisive point.

If supply support, especially
ammunition and fuel, is not
correctly synchronized, units
will fail to achieve maximum
combat power at critical
moments.

Table 3.

Tenets of Army Operations (from Department of the Army Headquarters
2000, 1-2)

Team RSRP identified metrics from the Defense Acquisition University (DAU)

that could be used to assess the performance of the SCMM. Common supply support

metrics include:

o Customer Wait Time: The time (days or hours) a system is inoperable due
to delays in maintenance caused directly by delays in obtaining parts.

o Stock Awvailability: The percentage of requisitions that are filled
immediately from stock on hand.

o Backorder Rate: The ratio of “Out of Stock Material” to “Total Demand”

for a given weapon system.
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° Order/Ship Time: The elapsed time between the initiation of a stock
replenishment action by a specific activity and the receipt of material by
that activity. (Defense Acquisition University 2012, 17)

In the article titled “The Wrong Ship at the Wrong Time,” Commander Patch,
U.S. Navy (retired) stated that the basic problem of the LCS is that from inception the
Navy inadequately attempts to design, build, deploy, and sustain a fragile size warship to
do too many things (Patch 2011). Commander Patch also identified that staging of the
modules and personnel requires a forward sea-base or shore facilities which results in a
heavy logistics footprint (Patch 2011). In addition, Commander Patch discussed the
impact of weight, and that the excessive high-end requirements increasing hull machinery
and combat system weight negatively affect the ship’s stability (Patch 2011). Plus, the
insufficient passageway and support requirements for aircraft, unmanned vehicles, and
module detachments have exceeded ship capacity (Patch 2011). A Government
Accountability Office (GAO) report, Defense Acquisitions: Navy’s Ability to Overcome
Challenges Facing the Littoral Combat Ship Will Determine Eventual Capabilities, stated
that the Navy is at risk of “investing in a fleet of ships that does not deliver its promised
capability” (Government Accountability Office 2010, 24).

In order to address the sponsor’s concern about the current Navy SCM process the
next step was to define the current Navy SCM process. Following is the result of research

conducted into the current Navy supply chain management process.
According to the Assistant Secretary of Defense:

RBS is the practice of using advanced analytics to set spares levels and
locations to maximize system readiness. RBS has been part of Department
practice since the 1960s, when it was used to optimize aircraft availability,
and is incorporated into DOD Supply Chain Materiel Management
Regulation, (DOD 4140.1-R) as the preferred method for calculating
inventory levels. The Services and the Defense Logistics Agency (DLA)
have agreed to work together to implement Commercial-Off-The-Shelf
(COTS) based RBS models. (Assistant Secretary of Defense, Logistics
and Materiel Readiness 2012)

RBS is a requirements determination process that computes the levels of
secondary item spares needed to support a weapon system readiness goal at the lowest

possible cost. RBS algorithms determine, for each inventory location (supply and
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maintenance), the lowest cost spares mix that will provide the required operational
readiness level for a weapon system. Figure 4 depicts the current readiness based spares

functional scope, obtained from the RBS Working Group presentation located on the
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Figure 4. Current Readiness Based Spares Functional Scope (from RBS Working
Group 2005)

The DOD Supply Chain Materiel Management Regulation, DOD 4140.1-R,
mandates that RBS models be used whenever possible to assess inventory investment
required for fielding new programs (i.e., weapon systems or subsystems) and to set
sparing levels for secondary items that have support goals related to weapon system
readiness (DOD Supply Chain Materiel Management Regulation, DOD 4140.1-R 2003).
In addition to these primary objectives, RBS analytical capabilities are used to negotiate
performance-based supplier agreements; assess the effect of reliability, maintainability,
and supportability improvements on weapon system readiness; budgets; and conduct
what-if exercises related to deployments (Assistant Secretary of Defense, Logistics and
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Materiel Readiness 2012). The military uses RBS models in various levels of detail and
complexity. See Figure 5, Multi-Indenture, Multi-Echelon (MIME) RBS, for a graphical
representation of an example model, obtained from the “Supply Chain Integration”
webpage. Several excellent examples of legacy software tools were developed internally
by the Services and are now used to support high levels of system readiness (Assistant

Secretary of Defense, Logistics and Materiel Readiness 2012).

Readiness-Based Sparing determines the inventory
requirements for achievement of readiness goals

- What to stock: parts, compaonents, sub-systems (multi-indenture)

- Where to stock: at strategic distribution points (SDPs), forward distribution points
(FOPs), and/or at squadron—evel or operational distribution points, (multi-echelon)

- Together make up two-dimensional Multi-indenture, Multi-echelon (MIME) RBS

.
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Multi-indenture: RBS assesses Multi-echelon: EBS assessestrade-
trade-offs within various pars, offs of stocking levels forindividual
components and sub-systems and/or multiple distribution points
Figure 5. Multi-Indenture, Multi-Echelon RBS (from Assistant Secretary of

Defense, Logistics and Materiel Readiness 2012)

Having no weapon systems of its own, DLA does not tie its inventory levels
directly to a weapon system readiness target—the traditional definition of RBS; however,
DLA does take advantage of the mathematical approach inherent in RBS models to
determine more efficient and effective inventory levels in a multiple-echelon
environment (Department of Defense 2008). In this context, DLA must compute
requirements to meet a different goal, such as customer wait time (Department of

Defense 2008).
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The Assistant Secretary of Defense states that “Individualized RBS solutions
address the service-unique missions, forces, maintenance philosophies, weapon systems
requirements, and ERP systems environment, as indicated on the Readiness Based
Sparing Overview presentation located on the “Supply Chain Integration” webpage
(Assistant Secretary of Defense, Logistics and Materiel Readiness 2008, 3).” The
Assistant Secretary of Defense also stated that a

...RBS Working Group was established by the Supply Chain Capabilities

Group to share knowledge and research about RBS; share progress and

lessons learned from RBS efforts’ to define interoperability; and to

implement a DOD-wide approach for managing and collaborating on
sparing requirements for common items. This group meets...to foster the

exchange of ideas and to collaborate on cross-DOD RBS efforts.
(Assistant Secretary of Defense, Logistics and Materiel Readiness 2012)

The purpose of this group was further defined, by the working group members, to

help with the development of:

. Criteria for choosing RBS solution(s) that will move into production
. RBS joint operational requirements
. Gaps between joint requirements and current capabilities and prioritization

of these gaps to be addressed by further efforts

o Impacts of having multiple RBS solutions (Assistant Secretary of Defense,
Logistics and Materiel Readiness 2012)

This research defines how parts sparing is currently conducted for U.S. Navy
ships. It demonstrates that the Navy allows multiple sparing systems, each designed for a
weapon system’s specific needs to support weapon system readiness. Based on this
information, the team determined that the development of the SCMM system would be
accepted for use in the support community, that it is, in fact, warranted by the DOD
Supply Chain Materiel Management Regulation, DOD 4140.1-R, and that changes to

existing RBS models could be initiated in collaboration with the RBS working.

Different systems engineering processes were investigated to determine which
one would be the most suitable for use in the project. There are various SE development
models that have been created and applied to system development projects. These models

are used throughout government and industry and are based on one of three influential
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process models: waterfall process model, spiral process model, and vee process model.
More specific information for each of these models can be found in the System
Engineering Process section in the Introduction chapter. Team RSRP determined that the
waterfall and spiral models being more sequential than the vee model made them difficult
to tailor for this project based on the type of system being developed and the personnel,
time, and expertise available. Therefore, the vee model was selected to permit the
systems engineering process to be tailored to allow for the necessary steps and activities

to be performed.

Modeling and Simulation is considered to be a staple in any field of engineering.
According to the International Council on Systems Engineering (INCOSE),

The objective of modeling and simulation is to obtain information about

the system before significant resources are committed to its design,

development, construction, verification, or operation. To that end,

modeling and simulation helps generate data in the domain of the analyst
or reviewer, not available from existing sources, in a manner that is

affordable and timely to support decision-making. Adequate, accurate, and

timely models and simulations inform stakeholders of the implications of
their preferences, provide perspective for evaluating alternatives, and build
confidence in the effects that an implemented system will produce.
(INCOSE 2011, 150)

The team researched various software applications, such as Vitech’s CORE,
Eclipse’s Open System Engineering Environment (OSEE), and IBM’s Rational line of
products, which could be used for graphical representations of DODAF models and
requirements analysis. CORE and OSEE are purchasable software that users can install
but IBM Rational is more of a service that is provided for systems engineering. Both
OSEE and CORE offer an assortment of equivalent tools. However, CORE was chosen
due to its availability for use in the project and the team’s familiarity with the software.
Software to conduct simulations was also researched. ExtendSim and Simulink offer
visualized block simulations and have similar capabilities. ExtendSim was chosen due to
the team’s familiarity of the software and its availability. The team also wanted to

simulate an output report of the SCMM system. The manual input for information into
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the system to be modeled came from databases that provide information using Microsoft
Excel. It was decided to maintain this format and not look into outside software since

Excel was available for use.

B. PROBLEM STATEMENT

An initial problem statement was provided to the team by the sponsor. The
statement was general and required refining. In order to refine the problem, the team
conducted research and requested clarification about the boundaries of the system.
During an interview conducted with team members on July 24, 2013, Mr. Howard stated
that “Current resupply and maintenance points will/have two different paths potentially.
One path will be established for the modular equipment or systems while the host
platform may/will have a different path.”

After additional research and sponsor feedback to clarify the initial problem
statement and background, the capstone team was able then to expand on the knowledge
of the topic via the research questions. The team then focused on the problem
background. Through an iterative process, the final background description was approved
by the sponsor on August 30, 2013: The U.S. Navy has begun to focus acquisition
strategies to incorporate more modular and flexible designs for surface ship architecture
in an effort to improve procurement and life cycle costs and to support rapid introduction
of capability. Given the emphasis on modularity, the U.S. Navy is also placing
importance on manning requirements that are optimized to support modular/flexible

constructs.

The problem background allowed the team to develop the finalized problem
statement in the same iterative process with the sponsor. The final problem statement was
approved by the sponsor on August 30, 2013: As the U.S. Navy drives toward modular
and flexible designs, the currently used surface Navy SCM models do not support
modular or flexible design ships. These ships require an off-ship maintenance support
structure consisting of multiple logistics and repair nodes due to shipboard constraints

including manning, space, and weight.
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Working with the sponsor, the team then identified and finalized the gap, which is
the difference between the current state of the system and how the stakeholder needs the
system to perform and operate. The sponsor approved the gap analysis statement on
August 30, 2013: The systems/programs currently in use for determining spares
allocations do not provide information that takes into account the ability to modify ships
rapidly to introduce warfare specific capability through the use of mission modules nor
do they take into account shipboard constraints including manning, space, and weight,
which impact ships” and fleet’s readiness and operational availability.

C. STAKEHOLDER ANALYSIS

Having defined the problem and identified the gap, the team then conducted a
stakeholder analysis to determine their needs and develop the effective need statement.
Stakeholders are those people/entities that have a vested interest in the system, problem
and/or solution. A stakeholder analysis was performed to identify the people/entities that
are germane to the problem and also those who interact with the system. This analysis
was used to determine the stakeholders’ needs, wants, and desires; critical assumptions
and constraints were also identified. To begin, the stakeholders for the SCM problem
were identified. The team established all the applicable stakeholders through
conversations with Mr. Howard during the problem definition process. Once the team had
a list of stakeholders, their needs for the SCMM system were identified, again with the
assistance of Mr. Howard. The stakeholders and their needs are recorded in Table 4. It is
important to note that the stakeholders are not listed in any particular order. Because the
stakeholders were not readily available, the need statements for the stakeholders were
approved by the sponsor and not by the individual stakeholders directly.
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Stakeholder

Need

Sponsor

Ensure a system engineering process is followed to develop a
sparing model that can be developed to support modular/flexible
ships and their support facilities to have the required parts on-hand
to support system maintenance—preventive and/or corrective—
within manning, space, weight, location, and cost/budget
constraints.

Maintenance

Have the required parts on-hand to support system maintenance—

Facilities preventive and/or corrective within manning, space, weight,
location, and cost/budget constraints.
In-Service Know what parts and where to allocate those parts to allow other

Engineering Agent
(ISEA)

entities to perform maintenance—preventive and/or corrective
within manning, space, weight, location, and cost/budget
constraints.

Program Office

Ensure modular/flexible ships and their support facilities have the
required parts on-hand to support system maintenance—
preventive and/or corrective—within manning, space, weight,
location, and cost/budget constraints.

Defense Logistics

Know what parts and where to allocate those parts to allow other

Agency (DLA) entities to perform maintenance—preventive and/or corrective
within manning, space, weight, location, and cost/budget
constraints.

Navy Supply Know what parts and where to allocate those parts to allow other

Systems Command | entities to perform maintenance—preventive and/or corrective

(NAVSUP) within manning, space, weight, location, and cost/budget
constraints.

Sailor Have the required parts on-hand to support system maintenance—

preventive and/or corrective.

Littoral Combat
Ship Squadron
(LCSRON) /
Type Commander
(TYCOM)

Have the required parts on-hand to support system maintenance—
preventive and/or corrective within manning, space, weight,
location, and cost/budget constraints.

Table 4. Stakeholder Analysis for SCMM

After conducting the stakeholder analysis, the team finalized the effective need.
This need is what the stakeholder/sponsor needs the SCMM system to do. Through
feedback from the sponsor, the following need statement was developed and approved on

August 30, 2013: “The stakeholders need information to determine sparing of parts at
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existing and multiple supply points in order to support the Navy’s modular/flexible ships

within the constraints of manning, space, weight, location, and cost/budget.”

D. FUNCTIONAL ANALYSIS

According to INCOSE, a function is a characteristic task, action, or activity that
must be performed to achieve a desired outcome. Functional analysis is an examination
of a defined function to identify all the sub-functions necessary to accomplish that
function. (INCOSE 2011) The functional analysis describes what the system must do at
several levels: the analysis results in the “whats”—what the system must do; it does not
identify nor result in the “hows”—how the system will do it (Chapman, Bahill and
Wymore 1992). Buede also makes this quite clear:

The very strong position being taken here is that the input and output

requirements are the key to defining the needs of the stakeholders in terms

that they can understand. Stakeholders in each phase of the system’s life

cycle can relate to quantity, quality, and timing aspects of the outputs

delivered by the system under question and the ability to deal with

quantity, quality, and timing of inputs. The engineers of the system
develop the system’s functions during the design process. This
development of a functional architecture...is a very valuable means for
dealing with the complexity of the engineering problem. But the
stakeholders should not care a whit about the functions being performed

by the system as long as they are happy with the characteristics of the

inputs being consumed and the outputs being produced by the system. The

concept of having a major section of requirements devoted to the functions

of the system is misguided and guaranteed not to elicit the needs of the
stakeholders. (Buede 2000, 132)

Focusing on the “what” rather than the “how” allows for innovative solutions by

enlarging, rather than limiting, the design space.

There are two steps in the functional analysis: the functional decomposition,
derived from the problem statement or the need statement, which results in a list of
functions and sub-functions; and the organization of this list in order to provide
meaningful information (Chapman, Bahill and Wymore 1992). Either a hierarchy of
functions diagram or a FFBD may be used to organize the list. The selection of either

depends on whether the functions flow sequentially or not; if so, then a FFBD should be
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selected, if not, a hierarchy diagram should be used (Chapman, Bahill and Wymore
1992). It is necessarily an iterative process whereby the relationship of the various
functions noted in the decomposition will likely influence the revision of the hierarchy or
functional flow block diagram as these relationships are made clearer during the

decomposition process (Chapman, Bahill and Wymore 1992).

Team RSRP performed a functional analysis, in conjunction with the systems
requirements phase, to identify the critical functions of the system after the problem and
need statements had been finalized. For convenience, the need statement is restated, as
follows: The stakeholders need information to determine sparing of parts at existing and
multiple supply points in order to support the Navy’s modular/flexible ships within the
constraints of manning, space, weight, location, and cost/budget. The capabilities of the
system were identified with the sponsor at this time, also. These were convert (or
process) data inputs into information to be used for sparing of parts at various locations
based on the use case scenarios and allow the users to conduct sensitivity analysis based
on the inputs for trade-off analysis for cost, operational availability (Ao), personnel
requirements, weight, and/or space, both derived from the need statement. Research was
conducted during the needs analysis phase to include stakeholder “wants” until the
system’s functions were identified. The team held several discussions with the sponsor,
Mr. Howard, to ensure that the required functions of the system were meeting the
stakeholders’ requirements, which were being developed simultaneously.

Based on the need statement, and in order to better determine the functions of the
system, use case scenarios were identified with the sponsor, Mr. Howard. Use cases
depict how the system will be used by the user to achieve an objective (Visual Paradigm
2011). The various scenarios that the SCMM system would be used to support are as

follows:
Support of:
o Humanitarian mission—single ship
o Humanitarian mission—multi-ship
o Multi-nodal, single ship event (includes mission package)
o Multi-nodal, multi-ship event (includes same mission packages)
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Multi-nodal, multi-mission event (includes multiple ships and mission
packages)

Test/single event

Single ship system

Multiple ship systems

Single mission module

Multiple mission modules

Single mission package (no hull, mechanical, and electrical [HM&E])
Multiple mission packages (hno HM&E)

For the SCMM system, development of the use cases entailed determining the

operational sequence of system use based on a specific user scenario with the required

user inputs to obtain a required output. The use case for the “support single mission

module” scenario was partially developed using CORE based on the operational

activities, and is depicted in Figure 6. The user’s objective is to support a single mission

module onboard an operational ship to meet Ao and cost requirements. The user would

perform the following actions with the SCMM system in order to support this objective:

Launch system

Enter login information

Execute login

Enter input/selection

Execute system (for system to perform)
Assess results (of output)

Log off

Based on the assessment of the output, the user would allocate spare parts to multi-nodal

locations to support a single mission module. The figure also depicts the generalized

inputs required to use and obtain the necessary information from the system; and it also

depicts the queries from the various users; these are depicted as the small round-edge

boxes that have arrows towards the “D—Enter Inputs/Selection” box
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Figure 6. Use Case for “Support Single Mission Module” Scenario

The system requires inputs to process into outputs to support the use case
scenarios. Inputs, in this case, are the user entered or selected inputs and the data pushed
from the various databases that have the needed information for the system to transform
them into the required outputs. The analysis of the inputs and outputs of the