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1 EXECUTIVE SUMMARY

This report discusses the process, product, and purpose of the PEPDS System Model Version 2.0
which captures diverse stakeholder needs, analyzes black box and white box functions, defines
black box and white box context and interfaces, and identifies measures of effectiveness and
performance. The foregoing elements distill into a set of system requirements that result in the
PEPDS functional architecture. These system requirements are being analyzed by the Mini-
PEPDS Design Exercise whose objective is to validate the system requirements by creating a
design and verifying that design against those requirements. Version 2.0 contains the Mini-
PEPDS Design Exercise Iteration 1 Phase 1. This report is intended to accompany the PEPDS
System Model Version 2.0 with the purpose of assisting the reader in navigating and
understanding the model.
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2 NOMENCLATURE

Nomenclature is defined in the PEPDS System Model Glossary provided in section 11.3, the
MagicGrid® Book of Knowledge glossary from reference [ 1], and the No Magic Inc. Glossary of
SysML Concepts from reference [2].

3 INTRODUCTION

The Power Electronic Power Distribution System (PEPDS) is a new power, energy, and control
distribution concept enabled by technology development funded by the Office of Naval Research
(ONR). “The goal of the PEPDS program is to achieve revolutionary changes to system design
and operation by leveraging recent technological advances and developing both the applications
to use them and the control and modeling capabilities needed to employ them” [3]. The PEPDS
development program has five (5) main areas of science and technology development:

1. Navy Integrated Power Electronics Building Block (NiPEBB),
2. Navy Integrated Power and Energy Corridor (NiPEC),

3. Model is the Specification,

4. Control, and

5. System Simulation.

The technical approach for integrating this work is digital engineering grounded in Model-Based
System Engineering (MBSE). The product of this MBSE effort is the PEPDS System Model
which is a living document that will change and grow throughout the lifetime of the system.

This report discusses the process, product, and purpose of the PEPDS System Model Version 2.0
which captures diverse stakeholder needs, analyzes black box and white box functions, defines
black box and white box context and interfaces, and identifies measures of effectiveness and
performance. The foregoing elements distill into a set of system requirements that result in the
PEPDS functional architecture. These system requirements are used for the initial solution space
exploration through the Mini-PEPDS Design Exercise Iteration 1 Phase 1. This report is intended
to accompany the PEPDS System Model Version 2.0 with the purpose of assisting the reader
with navigating and understanding the model.

4 PROCESS

This section discusses the process used for developing the PEPDS System Model Version 2.0.
4.1 Contributors

The authors are chartered to lead the PEPDS functional architecture development. In that role,

we established the PEPDS Architecture Team, see Table I, to provide a framework for PEPDS
architecture studies and to enable collaborative research. The PEPDS Architecture Team uses the
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Systems Modeling Language (SysML) to develop the PEPDS System Model with the Cameo
Enterprise Architecture Version 2022 software, explained in detail in section 4.2. Consistent with
similar projects at the Naval Sea Systems Command (NAVSEA), the PEPDS System Model
follows the MagicGrid® Framework, explained in section 4.3.

Table I: PEPDS Architecture Team Members

Member Group Research Name Role
FSU CAPS PS Team | Architectures Research Karl Schoder PEPDS Lead Architect,
Abilities Research Principal Investigator
System Integration Research | Carmen E. Araujo PEPDS Architecture Team
Point of Contact, Lead Systems
Engineer, Researcher
David C. Gross Systems Engineer, Researcher
Matthew Bosworth Researcher
Nagash Ali Systems Engineer, Researcher
Joshua Bush Systems Engineer, Researcher
Sihun Song Researcher
FSU CAPS TMM Thermal Management Juan Ordonez Principal Investigator
Team Research Christofer Marques Researcher
Chaianan Sailabada Researcher
MIT Sea Grant Team | NiPEC Research Julie Chalfant Principal Investigator
Naval Architecture Research | Avi Chatterjee Researcher
Drake Platenberg Researcher
Emily Curran Researcher
Wade Meyers Researcher
USC ERL Team Controls Research Herbert L. Ginn Principal Investigator
UTA PPEL Team Energy Storage Research David A. Wetz Principal Investigator
Alex Johnston Researcher
Hayden Atchison Researcher
Shawn 'Tyler' Scoggin | Researcher
UWM SEES Team Virtual Prototyping Research | Robert M. Cuzner Principal Investigator
Hamed Shabani Researcher
Jacob David Gudex Researcher
Sonia Bendre Researcher
VT CPES Team NiPEBB Research Dong Dong Principal Investigator
Daniel Sathri Researcher
Marie Lawson Researcher
ONR Team Members Nathan Spivey SME
NSWCPD Team Christian Schegan Chief Engineer, SME
Members Aaron Scherr SME
Stability Design & Robert 'Bob' Irwin Principal Investigator, SME

Assessment Research

Shawn Plesnick

Co-Principal Investigator, SME

PEPDS Architecture
Team Past Team
Members

Michael 'Mischa' Steurer (FSU), Ceca Mijatovic (FSU), Salman Hussain (FSU), Jodie
Bell (FSU), Matt Kruse (MIT), Aaron De La O Perez (USC), James Narey (UTA),
William Joseph Koebel (UWM), Joey Authement (UWM), Jose Antonio Trujillo Parra
(UWM), Rounak Siddaiah (UWM), Igor Cvetkovic (VT), Christina DiMarino (VT),
Rolando Burgos (VT), Dushan Boroyevich (VT), Richard Zhang (VT)

4.2 Model-Based Systems Engineering

MBSE is “the formalized application of modeling to support system requirements, design,
analysis, verification, and validation activities beginning in the conceptual design phase and
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continuing throughout development and later lifecycle phases” [4]. The benefits of using an
MBSE approach over a traditional document-based approach are enhanced communications,
reduced developmental risk, improved quality, increased productivity, and enhanced knowledge
transfer [5].

For the PEPDS System Model, the MBSE tool being used is the Cameo Enterprise Architecture
Version 2022 software. The Cameo Enterprise Architecture, herein referred to as Cameo, is a
product of CATIA No Magic owned by Dassault Systems. The Cameo supported modeling
language selected for the PEPDS System Model is SysML. “Modeling languages are
specifications which provide standardized guidelines and structures for expressing system
information” [6]. SysML is one of the more frequently used modeling languages for MBSE and
is a “graphical language that utilizes diagrams and tables in order to express system information
and provides a standard set of nine diagram types which can be used to organize and express
system information” [6]. The information expressed via a modeling language is often organized
via an architecture framework [6]. The PEPDS System Model follows the MagicGrid®
Framework which is discussed in section 4.3.

4.3 MagicGrid® Framework

The PEPDS System Model follows the MagicGrid® Framework defined by the first edition of
the MagicGrid® Book of Knowledge by NoMagic, Inc. The MagicGrid® Framework is shown in
Fig. 1. The MagicGrid® approach “includes the definition of the problem, solution, and
implementation domains in the system model. They align with the processes defined by
ISO/IEC/IEEE 15288 as follows: problem domain with the Stakeholder Needs Development
process, solution domain with the Architecture Definition process, and implementation domain
with the Design Definition process” [1]. “Each domain definition includes four different aspects
of the system to be considered and captured in the model. These aspects match the four pillars of
the SysML, that is, requirements, behavior, structure, and parameters™ [1].

The PEPDS System Model Version 2.0 contains content for the entire Problem Domain, S1
System Requirements, and initial exploration into the S3 System Structure. One modification to
the MagicGrid® Framework occurs in the PEPDS System Model Version 2.0 in the W4 MoEs
for Subsystems section. Here, the PEPDS System Model Version 2.0 provides the Measures of
Performance (MoPs) that make up each of the Measures of Effectiveness (MoEs), defined in B4,
for PEPDS at a system level. The MoEs and MoPs for each subsystem are not yet defined but
will pull from the MoEs and MoPs defined in the B4 and W4 sections.

The PEPDS System Model contains a MagicGrid® Index, shown in Fig. 2, that provides easy
access to each section’s content. Each section has a package diagram that will contain links to all
the diagrams and tables created for that section. A copy of each section’s package diagram is
provided in section 11.4.

4
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4.4 PEPDS System Model Navigation Roadmap

To assist the reader in navigating and understanding the PEPDS System Model, a road map for
navigating the model was created. Fig. 3 shows a high-level summarized version of the road
map. A copy of the road map is provided in section 11.1. The PEPDS System Model can be
explored using the MagicGrid® Index or the road map. This report will discuss each diagram in
the model in the order suggested by the road map.

_Problem Domain

Using Blask Box fo understand the.

Solution Domain
Solution Demain

3= rkereder SPLS and o y [ I aa pikorrorts. sotutian 1
B ‘-‘_ /’ h ) :\ L) , 5% \ |
i o : { ¥ a . I '
823 Oparate BEBDS $CNaM0 2 S AT CONtEELINTIEICHY BEEDS MoEs | 8 81 System d Des'gn
Using White Box o ndersand e EEPDS problem => Informs - => Specifies || .
— | Requiromants L2 Solutions
N |y b
- . N T
e i i

‘ Problem Domain - White Box | i

I S | 2.2 Profct BERDS

oo e e
10

Fig. 3: Explanation of PEPDS System Model Road Map

5 PRrRobDuCT

This section will walk the reader through the PEPDS System Model Version 2.0. The PEPDS
System Model Version 2.0 captures diverse stakeholder needs, defines black box and white box
context and interfaces, analyzes black box and white box functions, and identifies measures of
effectiveness and performance. The foregoing elements are distilled into a set of system
requirements that result in the PEPDS functional architecture. The PEPDS functional
architecture is used for the initial exploration of the solution space through the PEPDS
Architecture Team’s Mini-PEPDS Design Exercise.

To view the model in Cameo, follow the instructions in section 10 to download, install, and use
the Cameo Enterprise Architecture Reader, herein referred to as Cameo Reader. After opening
the PEPDS System Model in the Cameo Reader, there will be a road map illustrating how the
model developers suggest the reader should review the model. Sections 5.1, 5.2, and 5.3 of the
report explain the PEPDS System Model contents in the order of the road map to enhance reader
comprehension. A copy of the road map and each of the diagrams and tables reviewed with the
road map are provided in Appendix B: PEPDS System Model Contents.
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5.1 Black Box Problem Domain
A copy of each of the diagrams and tables reviewed in this section is provided in section 11.2.
5.1.1 B1 Stakeholder Needs Table

The B1 Stakeholder Needs Diagram defines what those involved in PEPDS require and desire.
Within the model, they are represented as business requirements. Throughout the model, these
business requirements are referenced to provide rationale for certain design choices. The PEPDS
System Model Version 2.0 implements a tracing methodology, shown in Fig. 4, that allows
tracing from all elements throughout the model to the stakeholder needs.

«requirements

~ > BIW1 Stakeholder Needs

|
| «Refine»
|

I 1
«requirements

«derivéReqt» B2/W2 & B3/W3 & B4/W4 [
| Elem ents

«Refine»

«requirements

> 81 System Requirem ents

aderiveReqt» erequirements
| 52 & S3 & S4 Elements

«Satilsf Y

«Refine»

|
«requirements
- 551 Sub-System il
Requirem ents

A
wsatisfy»

I
|
|
e

«reguirement» L
552 & 553 & SS4 Elements

Fig. 4: Tracing Methodology [1]

The MagicGrid™ problem domain behavior (B2/W2), structure (B3/W3), and parameter
(B4/W4) pillar elements refine the stakeholder needs (B1/W1). The refine relationship shows
what elements are adding more information or expanding on the refined element. The B2/W2,
B3/W3, B4/W4 elements are then refined by the S1 System Requirements. Since the S1 System
Requirements are refining the problem domain elements that refine the stakeholder needs, they
become derived requirements of the stakeholder needs, expressed as a deriveReq relationship.
After the S1 System Requirements, a satisfy-refine pattern emerges. The MagicGrid™ solution
domain behavior (S2), structure (S3), and parameter (S4) pillar elements need to satisfy the S1
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System Requirements. The SS1 Subsystem Requirements then refine the S2, S3, S4 elements
thus becoming derived requirements of the S1 System Requirements. This pattern continues for
each level of abstraction of the solution domain. Implied relations are automatically identified
through the MBSE software. Through the assignment of relationships and implied relationships,
all system model elements are traced back to the stakeholder needs. This tracing methodology
allows for verification and validation of the design solution.

5.1.2 B3.1 System Context

The B3.1 System Context diagram shows how PEPDS exists in its environment. PEPDS is an
electric system existing on the electric ship. It interacts with other systems on the electric ship as
well as external systems. These interfaces are defined in the B3.2 System Context Interfaces
diagram discussed in section 5.1.6.

5.1.3 B2.1 Use Cases of PEPDS

After gaining an understanding of the system context, proceed to review the PEPDS concept of
operations. The PEPDS System Model Version 2.0 defines the concept of operations in three
diagrams that express what PEPDS does, but not how PEPDS does it.

The first step is to understand its use cases shown in the B2.1 PEPDS Use Cases diagram. An
important requirement of PEPDS is to simplify its operation and maintenance to the point that
minimal training on PEPDS is required for the crew. In addition to this, Maintain PEPDS is an
included use case within the Operate PEPDS use case. This is because it is required that PEPDS
can remain operational while maintenance is performed. The goal is that PEPDS always remains
operational while away from the shipyard. This means that PEPDS’ ability to operate in nominal
and off-nominal conditions is required in addition to its ability to operate during times of
maintenance. This concept is further elaborated on in the B2.2 PEPDS States and Modes diagram
in section 5.1.4.

PEPDS is also required to have advanced functional control and simple least replaceable unit
(LRU) replacement. This is part of the maintenance that must be executable by the crew. The
crew is expected to be able to control the component and network functions through
programming and reconfiguration as well as replace LRUs that are carriable by a single sailor
and require minimal training for installation and removal.

5.1.4 B2.2 PEPDS States and Modes

The B2.2 PEPDS States and Modes diagram shows the states, modes, and transitions that exist
for PEPDS. PEPDS states are Off, Operating, and Performing SHIPALT.

The Performing SHIPALT state is needed for the stakeholder need of having PEPDS installable
as a unit at the shipyard. This expected PEPDS innovation consists of construction and testing
being executable off the ship and avoiding intensive cabling after ship construction.

The operating state reflects the use cases defined in section 5.1.3. The Operating state has the

modes of Operating in Nominal Condition, Operating in Off-Nominal Condition, and
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Maintaining. The transitions between these modes defined in the diagram reflect multiple
stakeholder needs. To minimize the possibilities of failures, condition-based maintenance plus
(CBM+) is expected to be fully integrated into the PEPDS design. If a failure does occur, PEPDS
is expected to be able to diagnose and prognose failures to autonomously recover when possible.
If autonomous recovery is not possible, the crew must perform corrective maintenance. After
repairs are completed, PEPDS is expected to be able to self-adapt to the repairs and upgrades as
well as perform a self-check to ensure the system has fully recovered.

5.1.5 B2.3 Scenario: Operate PEPDS

The B2.3 Operate PEPDS Scenario diagram elaborates on select activities that occur while
PEPDS is in the operating state defined in section 5.1.4. This diagram shows the exchange items
that enter and leave PEPDS, where they come from or go to, and what activities they are used for
during the Operate PEPDS scenario. The main functions of PEPDS, shown in gold, are Control
PEPDS, Protect PEPDS, Distribute Power, and Manage Thermal Load of PEPDS. These
functions occur simultaneously in a loop from when PEPDS is turned on to when it is turned off.
The functions (depicted as behaviors in the model) define how the system achieves its
capabilities (depicted as structures in the model). These behaviors and structures are further
defined in the White Box Problem Domain review in section 5.2.

5.1.6 B3.2 System Context Interfaces

The B3.2 System Context Interfaces diagram displays the exchange items traveling across the
PEPDS external interfaces. It shows all possible exchange items, not just the exchange items for
one specific scenario like in the B2.3 Scenario: Operate PEPDS diagram discussed in section
5.1.5.

5.1.7 B3.3/W3.3 Exchange Items

The B3.3/W3.3 Exchange Items diagram elaborates on the exchange items that travel in, out, and
within PEPDS. The exchange items are color coded into what networks they belong to. In the
problem domain, PEPDS contains four networks, a communication network, an electrical power
network, an environmental load management network, and a hardware network.

5.1.8 B4 Measurements of Effectiveness

Based on the stakeholder needs defined in the B1 Stakeholder Needs Table discussed in section
5.1.1, three measurements of effectiveness (MoEs) were defined for PEPDS. These are RAM
(reliability, availability, maintainability), operability, and safety. The B4 PEPDS MoEs diagram
shows these MoEs as well as the measures of performance (MoPs) that are within them. The
MoPs are defined further in the White Box Problem Domain review in section 5.2. These MoEs
and MoPs measure how well a particular proposed PEPDS solution satisfies stakeholder needs.
Review the B4 PEPDS MoEs traced to B1 Stakeholder Needs matrix to see how each MoE and
MoP traces back to the stakeholder needs.

9

DISTRIBUTION STATEMENT A. Approved for public release distribution unlimited.



Approved, DCN# 543-1949-24 19/06/2024

5.2 White Box Problem Domain
A copy of each of the diagrams and tables reviewed in this section is provided in section 11.2.2.
5.2.1 W3.1 Logical Architecture

The W3.1 Logical Architecture diagram defines the subsystems of PEPDS which are defined in
the model as capabilities. These capabilities (depicted as structures in the model) represent what
the system of interest can do, as contrasted with the functions (depicted as behaviors in the
model) introduced in the B2.3 Scenario: Operate PEPDS diagram discussed in section 5.1.5. The
PEPDS capabilities are the Control Capability, Protection Capability, Electrical Distribution
Capability, and Thermal Management Capability. The Electrical Distribution Capability is split
into three sub-capabilities which are the Energy Storage Capability, Power Transportation
Capability, and Power Conversion Capability. The goal of making converters part of distribution
is “to reduce cost, achieve control, improve performance, enable cyber security, and further
reduce size and weight” [3]. The operational paradigms of future warships depend on energy
storage creating a need for “integration of both point and distributed energy storage directly into
the power distribution system” [3]. This is why the Energy Storage Capability, Power
Transportation Capability, and Power Conversion Capability are defined as parts of the Electrical
Distribution Capability.

Each PEPDS Capability is made up of components that are defined as either a Least Replaceable
Unit (LRU) or Non-LRU. This approach to defining the components has the purpose of limiting
unnecessary restrictions on the Solution Space while also encouraging PEPDS innovations
defined in the B1 Stakeholder Needs Table discussed in section 5.1.1. LRUs are defined in the
PEPDS Model as components that are easily installed, removed, and transported by a single
sailor, have spares onboard, and that some are reprogrammable. Non-LRUs are defined in the
PEPDS Model as components that are not easily installed, removed, and transported by a single
sailor.

5.2.2 B2.3 Scenario: Operate PEPDS Part 2

Returning to the B2.3 Operate PEPDS Scenario diagram, discussed in section 5.1.5, each of the
main functions of PEPDS, shown in gold, are executed by the PEPDS Capabilities defined in the
B3.1/W3.1 System Context Interfaces and Logical Architecture diagram, discussed in section
5.2.1. Review the W2.1 Control PEPDS diagram discussed in section 5.2.3, the W2.2 Protect
PEPDS diagram discussed in section 5.2.4, the W2.3 Distribute Power diagram discussed in
section 5.2.5, and the W2.4 Manage Thermal Load of PEPDS diagram discussed in section 5.2.6
to see the behaviors carried out by each of the PEPDS Capabilities to fulfill these PEPDS
functions.

5.2.3 Wa2.1 Control PEPDS

The W2.1 Control PEPDS diagram shows the behaviors of the control capability and the
exchange items that are shared with other PEPDS Capabilities and external systems. The Control
Capability has two functions. It controls the information within, entering, and exiting PEPDS and
controls all PEPDS capabilities. The activities that occur in W2.1.1 Control Information are
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discussed in section 5.2.3.1 and the activities that occur in W2.1.2 Control PEPDS capabilities
are discussed in section 5.2.3.2.

By controlling and processing information, the Control Capability updates the Control Strategy.
The Control Strategy controls electrical power by commanding PEPDS Capabilities. Returning
to the B3.3/W3.3 Exchange Items diagram discussed in section 5.1.7, the interface block named
Control Strategy defines what is included in the Control Strategy which currently consists of the
Operation Strategy, Protection Strategy, Maintenance Strategy, Forecasting Consequences, and
Cybersecurity Operations. These individual strategies and activities were combined under the
overarching term “Control Strategy” because when one changes, the others must change as well.

5.2.3.1 W2.1.1 Control Information

The W2.1.1 Control Information diagram shows the behaviors of the Control Capability and the
exchange items that enter and exit the Control Information activity. The commands and feedback
entering the Control Information activity are used to consistently monitor PEPDS needs and user
needs. If feedback from the Protection Capability requires an immediate response, the Control
Capability will override other planned activities as needed and proceed to the action “determine a
course of action” within the W2.1.1.1 Control Capabilities activity. The Control Capability will
determine a course of action based on the Protection Capability feedback. If the Protection
Capability feedback does not show a need for an immediate response, one of three activities will
occur based on the Control Strategy. As shown in the B2.3 Scenario: Operate PEPDS diagram
discussed in 5.1.5, the PEPDS functions occur in a loop. So, if one Control Information activity
is dependent on a different one, they will occur in the order needed. Just because one activity is
chosen does not mean a different one will never occur. They will just proceed in the order
necessary for the task at hand. These activities are W2.1.1.1 Control Capabilities, discussed in
section 5.2.3.1.1, W2.1.1.2 Control Functions, discussed in section 5.2.3.1.2, and W2.1.1.3
Execute CBM+, discussed in section 5.2.3.1.3. All activities are followed by the track and
improve activity which represents PEPDS’ ability to self-learn by tracking performance and
CBM+ data and analyzing control and protection activities. At the end of the Control
Information Activity, feedback is provided to the Crew and Ship Control.

5.2.3.1.1 W2.1.1.1 Control Capabilities

The Capability Control Path determines a course of action based on the analysis of power load
demands, power source supply, and capability needs. If feedback from the Protection Capability
requires an immediate response, the Control Capability will override other planned activities as
needed and proceed to determine a course of action based on the Protection Capability feedback.
After determining a course of action, the Control Strategy is updated.

5.2.3.1.2 W2.1.1.2 Control Functions

The Functional Control Path programs communication networks, power networks, and PEPDS
components. Once the programming is completed, it performs an automated self-check to assess
the effects of the changes.
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5.2.3.1.3 W2.1.1.3 Execute CBM+

The CBM+ Path initiates the CBM+ process. Data is captured and stored locally for internal
CBM+ analysis. Select captured data is transmitted to Ship Control which relays it to an external
database to support external CBM+ processes. Raw data and externally analyzed data are used to
perform an internal CBM+ analysis. If this analysis produces evidence of need for maintenance,
the Control Capability will determine a course of action to address this in a future iteration of the

looped process. This evidence of need for maintenance can be a system health change or a
PEPDS failure.

5.2.3.2 W2.1.2 Control PEPDS Capabilities

The W2.1.2 Control PEPDS Capabilities diagram shows how the Control Capability executes the
Control Strategy. As shown in the diagram, the Control Capability controls interfaces between
PEPDS and external power systems, configures PEPDS networks and components, commands
how power should be tailored, and addresses all other possible PEPDS Capability needs. It issues
prioritized commands to PEPDS Capabilities as directed by the Control Strategy.

5.2.4 W2.2 Protect PEPDS

The W2.2 Protect PEPDS diagram shows the activities that occur for executing continuous
protection and handling failures. The Protection Capability determines needs for safety,
performance, and resilience based on the analysis of power source and load interfaces, analysis
of PEPDS performance, commands by the Control Capability, and protection strategy in the
Control Strategy. Based on the former, the Protection Capability will select a protection
response. If a failure occurs, diagnosis and prognosis are performed before selecting a protection
response to address the failure. Selected protection responses are sent to the Control Capability
for execution. The protection feedback may recommend immediate response of the system
because of imminent danger to personnel, PEPDS, or an external system, may require an
eventual response, or may require no response.

5.2.5 Wa2.3 Distribute Power

The W2.3 Distribute Power diagram shows how the Electrical Distribution Capability transports,
converts, and stores power. The Electrical Distribution Capability consists of the Power
Transportation Capability, Power Conversion Capability, and Energy Storage all of which are
commanded by the control capability. Electrical power is transported from the source to the load
and undergoes conversion when needed. After going through all necessary power conversions,
the electrical power can either be stored or transported. The diagram shows that electrical power
must go through the Power Conversion Capability before entering the Energy Storage
Capability. This does not mean electrical power will always undergo conversion. If it is in the
correct form, then it will be transported directly to the Energy Storage Capability.
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5.2.6 W2.4 Manage Thermal Load of PEPDS

PEPDS Capabilities will create environmental loads as an unintended side effect of their
functions. The Thermal Management Capability manages these loads and since they are
unintended side effects, they are only modeled in the W2.4 Manage Thermal Load of PEPDS
diagram. This diagram shows that the Thermal Management Capability regulates PEPDS internal
thermal load to facilitate PEPDS continuing operations. One of the stakeholder needs requires
that a universal thermal interface is proposed. System designers will create a PEPDS solution
that regulates its internal thermal load using the resources available on the ship. A solution
should be able to access and use the already existing environmental management services on the
ship. The possible environmental management services are defined in the B3.3/W3.3 Exchange
Items diagram discussed in section 5.1.7. The currently defined environmental management
services are chilled water and forced air.

5.2.7 W3.2 PEPDS Interface Diagram

The W3.2 PEPDS Interface Diagram shows the interfaces and exchange items between PEPDS
Capabilities as well as between PEPDS Capabilities and external systems. These are the same
exchange items and interfaces defined in the white box behavior diagrams shown in a different
view. This view shows the networks needed for PEPDS to execute its functions. These networks
are a communication network, electrical power network, and environmental load management
network.

5.2.8 B4 Measurements of Effectiveness Part 2

Returning to the B4 Measurements of Effectiveness diagram, discussed in section 5.1.8, each
MokE is broken down into its MoPs that are defined in the W4.1 RAM MoEs diagram discussed
in section 5.2.9, the W4.2 Operability MoEs diagram discussed in section 5.2.10, and the W4.3
Safety MoEs diagram discussed in section 5.2.11. The MoEs and MoPs for each PEPDS
Capability are not yet defined but will pull from the MoEs and MoPs in the W4 diagrams.
5.2.9 W4.1 RAM MotEs

The W4.1 RAM MoEs diagram identifies constraint calculations, thresholds, and goals for each
MoP for the RAM MoE.

5.2.10 W4.2 Operability MoEs

The W4.2 Operability MoEs diagram identifies constraint calculations, thresholds, and goals for
each MoP for the Operability MoE.

5.2.11 W4.3 Safety MoEs

The W4.3 Safety MoEs diagram identifies constraint calculations, thresholds, and goals for each
MoP for the Safety MoE.
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5.3 System Level Solution Domain
A copy of each of the diagrams and tables reviewed in this section is provided in section 11.2.3.
5.3.1 S1 PEPDS Requirements

The problem domain elements are distilled into a set of system requirements that result in the
PEPDS functional architecture. These system requirements are available in the tables and
diagrams contained in the S1 System Requirements package diagram, provided in section
11.2.3.1. The S1 System Requirements diagrams, provided in section 11.2.3.2, show the S1
PEPDS Requirements organized in their respective packages and are traced to stakeholder needs.
The tracing between S1 and the Problem Domain is shown in the S1 System Requirements
Traceability Matrices, provided in section 11.2.3.3. The S1 System Requirements Table,
provided in section 11.2.3.5, shows all of the S1 system requirements along with their tracing,
source, verification method, risk level, and revision date.

The PEPDS System Model Version 2.0 requirements are the same as in the PEPDS System
Model Version 1.0. Revisions to these S1 System Requirements are scheduled for the PEPDS
System Model Version 3.0.

5.3.2 S3 System Structure

The S1 System Requirements are used for the initial exploration of the solution space through
the PEPDS Architecture Team’s Mini-PEPDS Design Exercise. The objective of this exercise is
to validate the system requirements by creating a design and verifying that design against those
requirements. This exercise includes multiple phases and iterations to achieve its goal of
improving the system requirements and problem domain by identifying gaps between the subject
matter expert’s research and the System Model. Fig. 5 shows the iterative process of the Mini-
PEPDS Design Exercise. The subject matter experts provide information on ONR science and
technology (S&T) that they are researching. This information is used in the Virtual Prototyping
Process (VPP) analysis, the PEPDS System Model development, and the ship-wide modeling in
the Rapid Ship Design Environment (RSDE). For the Mini-PEPDS Design Exercise, the VPP is
used to provide inputs to RSDE in order to explore shipboard sizing and arrangement of PEPDS
components [7] [8] [9] and determine their parameter objectives [ 10].
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Fig. 5: Mini-PEPDS Design Exercise

The PEPDS System Model Version 2.0 contains Iteration 1 of the Mini-PEPDS Design Exercise
where a single MVAC to MVAC power train was assessed in the VPP producing a point solution
of the power train’s component arrangements, sizes, and resulting technical performance
measures. For this exercise, a PEPDS power train is “a cascaded connection of power stages
between points of source and points of load (or feed)” [9]. Since “any physical section of NiPEC
in the ship will consist of multiple power trains™ [7], this power train point solution was used to
develop the concept of a NiPEC segment. The PEPDS power train and NiPEC concept point
solutions are shown in section 11.2.3.6.

5.3.3 Data Exchange

In tandem to the Mini-PEPDS Design Exercise, the authors are working to enhance the PEPDS
System Model solution-space exploration capabilities by investigating techniques to enable
integration with focus area models and analysis tools. One goal of the System Model is to grant
access to all data generated and utilized by both system and developer teams. This principle
holds particular significance in concurrent engineering, where seamless data exchange across
diverse teams is vital for exploring design possibilities. Within the PEPDS framework, this
exchange occurs on two fronts. Firstly, there is a document exchange among teams operating in
distinct research domains, offering crucial insights for each team's research and analysis
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endeavors. Secondly, data flows between the various tools utilized by these teams. This involves
sharing system parameters and variables among tools, ultimately defining the design space
variables and parameters. To formalize a structured data exchange process among teams and
establish the model as the definitive reference point, the authors have outlined specific use cases
for data interchange. Initial modeling work was undertaken to visualize how a data exchange
mechanism would fit within the unique context of PEPDS. The strategy aims to streamline
processes and foster collaborative efforts among multidisciplinary teams. The Data Exchange
diagrams are provided in section 11.3.

5.4 PEPDS System Model Future Improvements

The PEPDS System Model Version 2.0 ends at the S3 Solution Space System Structure. The
PEPDS System Model is a living document that will change and grow throughout the lifetime of
the system. It will continue to support system requirements, design, analysis, verification, and
validation activities throughout development and later lifecycle phases [4].

Work continuing from Version 2.0 into Version 3.0 includes acquiring tools, enabling integration
of the system model with focus area models, and exploring the PEPDS design trade space.
Forthcoming work includes adding dynamic behavior to the system model.

6 PURPOSE

Using an MBSE approach for the PEPDS development process will enhance communication,
reduce developmental risk, improve quality, increase productivity, and enhance knowledge
transfer [5]. System designers will use the PEPDS System Model to understand the PEPDS
functional architecture, propose alternative designs, select a preferred design, and build and
qualify implementations. The PEPDS System Model will provide a framework for PEPDS
architecture studies and enable collaborative research.

7 CONCLUSION AND RECOMMENDATIONS

The PEPDS Architecture Team has successfully baselined a functional architecture described in
terms of needs, functions, structures, and measures transformed into a baselined set of functional
requirements. The functional architecture baseline enabled initial exploration of the solution
space. The PEPDS System Model has transitioned from its role in framing the problem to
enabling exchange of technology research, data, and information and exploration of the PEPDS
design trade space.

Forthcoming work includes adding dynamic behavior to the system model, acquiring tools,
enabling integration of the system model with focus area models, and exploring the PEPDS
design trade space.
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10 APPENDIX A: HOW TO INSTALL AND USE CAMEO ENTERPRISE ARCHITECTURE
READER

Cameo Enterprise Architecture Reader is made for reading and previewing models created with
Cameo Enterprise Architecture and is free of charge.

10.1 Instructions on Installing Cameo Enterprise Architecture Reader

Follow the instructions to install the Cameo Enterprise Architecture Reader:

1. Go to: https://www.magicdraw.com/main.php

2. Register as a User and Login.

3. Select Download Reader from the column on the left near the end.

4. Select Cameo Enterprise Architecture product and 19.0 SP1 LTR version.
5. Select the download file link based on your operating system.

6. Download the file from the mirror site nearest you.

7. Open the file and follow the installation prompts.

a. Ifyou selected no_install.zip, extract the .zip file and follow the instructions in the
readme HTML document under section “Using no-install package.”

The Cameo Enterprise Architecture Reader is now ready for use. Proceed to section 10.2.
10.2 How to use Cameo Enterprise Architecture Reader

Open Cameo Enterprise Architecture Reader then, under file, select “open project” and open the
“.mdzip” file of the model you would like to view.

Navigate the model in a fashion similar to a webpage. You can open diagrams/tables by double
clicking the diagram/table or by right clicking the diagram/table and selecting "Open in New
Tab". The diagrams/tables can be opened from a linked icon/element on a diagram or from the
containment tree. To see two diagrams/tables side by side, right click the tab and select “new
horizontal/vertical group.” You can close diagrams/tables by clicking the back arrow (when
applicable) or by clicking the X on the tab.

Utilize the zooming and the vertical and horizontal scrolling in order to increase readability.
You can print diagrams/tables by selecting file = print.

User manuals are available under “help.” Resources to help you understand the SysML diagrams
are the MagicGrid® Book of Knowledge from reference [1] and the No Magic Inc. Glossary of
SysML Concepts from reference [2].
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11 APPENDIX B: PEPDS SYSTEM MODEL CONTENTS

The following list provides the sections of Appendix B and defines their content’s purpose:

Section 11.1 Navigation Road Map begins on page 24. The road map, discussed in
section 4.4, is used for the product review in section 5 of the technical report.

Section 11.2 PEPDS System Model Review Contents begins on page 25. The diagrams in
this section accompany the product review in section 5 of the technical report.

o Section 11.2.1 Problem Domain Black Box Review begins on page 25. The diagrams
in this section accompany the Black Box Problem Domain review in section 5.1 of
the technical report.

o Section 11.2.2 Problem Domain White Box Review begins on page 52. The diagrams
in this section accompany the White Box Problem Domain review in section 5.2 of
the technical report.

o Section 11.2.3 Solution Domain Review begins on page 103. The diagrams in this
section accompany the System Level Solution Domain review in section 5.3 of the
technical report.

= Section 11.2.3.1 S1 System Requirements on page 103 shows all of the tables,
diagrams, and matrices used to define the S1 system requirements.

= Section 11.2.3.2 S1 System Requirements Diagrams begins on page 104. These
diagrams show the S1 system requirements organized in their respective packages
and are traced to stakeholder needs.

= Section 11.2.3.3 S1 System Requirements DeriveReq Matrices begins on page
120 and section 11.2.3.4 S1 System Requirements Refine Matrices begins on page
125. These matrices show the tracing between S1 and the Problem Domain.

= Section 11.2.3.5 S1 System Requirements Table begins on page 132. This table
provides all of the S1 system requirements along with their tracing, source,
verification method, risk level, and revision date.

= Section 11.2.3.6 S3 System Structure Solution Exploration begins on page 177.
These diagrams show the results of the Mini-PEPDS Design Exercise Iteration 1.

Section 11.3 System Model Appendix begins on page 190. The diagrams in this section
are not reviewed in the product review in section 5 of the technical report. They are
supplementary material that provide information that will enhance the understanding of
the PEPDS System Model product, discussed in section 5, and the PEPDS Functional
Architecture development process, discussed in section 4.

Section 11.4 MagicGrid® Index Package Diagrams begins on page 257. The diagrams in
this section are the package diagrams from the MagicGrid® Index discussed in section
4.3.
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11.2 PEPDS System Model Review Contents

11.2.1 Problem Domain Black Box Review

Link to return to section 11 Appendix B: PEPDS System Model Contents start.

Table II: B1 Stakeholder Needs Table

Id Source Name Text
1 Navy 1 Power Delivery Transfers power from power source to power load
1.1 | Navy 1.1 Power Efficiency Limit power loss during transmission and conversion
1.1.1 | Navy 1.1.1 Fuel Efficiency Reduce amount of fuel consumption
1.2 | Navy 1.2 Power Density High power rating relative to volume
1.3 | Navy 1.3 Reliability Long online time when measured by MTBF
14 | Navy 1.4 Robustness Co.mpatlble with various operating conditions and set
points
15 | Navy 1.5 Resiliency Tole.:rant to critical scenarios such as faults and failure of
device(s)
1.6 | Navy 1.6 UPS If demand is .gyeater than supply (delta power), then
provide provisional power for X time
- System operation accomplished with reduced manning and
2 Navy 2 Operability Jogistics effort
2.1 | Navy 2.1 Maintainability Maintenance with reduced down time
22 | Navy 2.2 Operator Trainability ;{oi\lzsllstralmng requirements in regard to time and technical
2.3 | Operator 2.3 Safety Safe handling conditions
2.3.1 | Operator 2.3.1 Thermally Touchable | External environment at reasonable handling temperatures
2.3.2 | Operator 2.3.2 Liftable Weight and volume at a reasonable range for handling
2.3.3 | Operator 2.3.3 Electrically Insulated | Insulation to limit current through operator
2.4 | Navy 2.4 Long Life Expectancy Long operable lifespan
3 Navy 3 Scalability Greater power requirement met through serial and/or
parallel connections
3.1 | Navy 3.1 Serial Thermal Universal thermal interface should be proposed
Management
32 | Navy 3.2 Paralle] Redundancy Pgrgllel operation to provide continuous power to mission
critical loads
33 | Navy 3.3 Controllable fllé)‘?irccllsnatlon should allow for extension/addition of
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Unit

Id Source Name Text
3.3.1 | Navy 3.3.1 Software Reliability Continuous high-performance operation even in disruptive
processes
332 | Navy 3.3.2 Cyber Security Resm.tant to mahglous attacks against software and offers
security observation
. Can ramp up power in a short time; can provide x time over
3.3.3 | Navy 3.3.3 Dynamic Response . .
power in a short time slot
3.4 | Navy 3.4 Standardizable Fits in many classes of ship
3.5 | Navy 3.5 Affordability Reduce implementation and operation cost for life cycle
3.6 | Navy 3.6 Hotswappable Hotswappable "Plug-and-Play" applications
CAPS
4 Power 4 Model Objectives PEPDS Model key objectives
Systems
CAPS . .
41 | Power 4.1 Program To become a vehicle to communicate PEPDS work
' Communication progress and accomplishments
Systems
This model is formal representation of PEPDS system in
order to make clear:
(1) Its structure, interfaces, and internal and external
CAPS relationships
4.2 | Power 4.2 Single Source of Truth | (2) The behaviors exhibited by the entity and its elements,
System both internally and externally
(3) The global rules to which the entity and its elements
must conform in order to meet the requirements allocated
to them, initially and over the entity’s operational lifetime
CAPS To guide and support solutioning of PEPDS modular
4.3 | Power 4.3 Program Guideline 0 guide SUpPOTE sofutionifg o odu
architecture
System
PEPDS innovations are dependent on using power
5 Navy 5 PEPDS Innovations electronics in an innovative way and utilizing
advancements in technology and control capabilities
5 1 Ease of Installation as a Reduce installation time and cost by having construction
5.1 | Navy . and testing executable off ship and avoiding intensive

cabling after ship construction
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Id Source Name Text

Common interface solution for all loads with increased
5.2 | Navy 5.2 Load Interface Design possibilities of load interface spatial arrangement in the
ship

All source and load interfaces are power electronics based

3.3 Power Electronic and as such provide the required adaptability,

5.3 | Navy

Interfaces reconfigurability, and fault current limitation
. Ability to self-learn by tracking performance and CBM+

>4 | Navy 34 Self Learning data and analyzing control and protection activities
5.5 | Navy 5.5 Integrated Control Integrated electrical, thermal, and mechanical control
56 | Nav 5 6 Functional Control Control component and network functions through

' y ’ programming and reconfiguration
57 | Nav 57 Adaptive Controls Control algorithms self-adapt to changes in mission

’ y ’ P requirements, load performance, and system upgrades

Have self-diagnosis or automated self-check after controls

58 | Navy 5 8 Automated Self-check upgrades which would be an advanced concept of CHIL

with regression tests embedded in PEPDS (integrated
“digital twin”’) — including cybersecurity aspects

Condition based maintenance+ fully integrated into design.
5.9 | Navy 5.9 Integrated CBM+ Diagnosis, prognosis, and health prediction capabilities -
down to the device level.

5.10 Comprehensive

51 | Nav Application of the LRU Maximize the dependence on LRUs while minimizing the
’ y Approach to the Entire different types of LRUs
System Design
Utilize LRUs that are a size and weight carriable by a
511 | Nav 5.11 Simplified LRU single sailor, that can fit through hatches, that requires
’ y Replacement minimal training for installation and removal, and has plug
& play capabilities
27
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Id Source Name Text
Provide power quality to loads using fewer components by
512 Minimal Redundant using distributed resources and 1r}tegrated functionality
5.12 | Navy such as advanced power electronic control across many
Elements . .
converters, active filtering across many converters, and
distributed storage
5.13 Integrated Power and PEPDS is an 1ntegrateq power and energy power
A distribution system which should have integrated power,
5.13 | Navy Energy Power Distribution . S . .
propulsion, optimization, protection, filtering, storage, and
System
control
Distributed power conversion provides protection, filtering,
5 14 Distributed Power and energy storage. It creates an interface for every load
5.14 | Navy . meaning there will be no single interface standard for all
Conversion
loads and that ac or dc, frequency, voltage, power, etc. are
tailored to meet individual load requirements
Integrate functionality of switchgear within the power
. electronics framework in order to reduce or eliminate use
5.15 Reduce Conventional . . .
5.15 | Navy . of conventional external switchgear and provide current
Switchgear . . S .
limiting function - thereby reducing risk from high fault
currents and hence improving reliability
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| I | I |control distrilz)tlnigrl; tokitlin;efa nttihtechnlca IL
concept enable skills) for the crew . Low
| Al«block: | o «block» s:bbc!(” 4 o | technuplogy v training requirements
= ;ngsi e | — v?,ct;onic eering ﬁ‘: Iog );| | |development funded —Ieadsbto ng)rg crew et
'ower arfare «tracéuel Cells by the ONR. members being qualitie
| |«trace» System b | 2 to operate and maintain
block | PEPDS. This is
| ctrdcon _«block» | I «Ton necessary to
|«trace»  «block» Ship Service «block» | f 24 accomplish the
l — 7| Life Support Lt 1 Turboshaft | | [ref 24] stakeholder need of —
I I Systems | Engine [ reduced manning and
| trae I 7 Generators | logistics efforts.
! | BB 1ot . '
| «lracgy  «blockn Special __|«irace» «businessRequirement»
I s Radar MI:SS:‘C'“ | | Operator Trainability
| «trace» oads «frace» |
k «trace» - N
_____ e «businessRequirement» _
«trace» | «trace» Operability

Fig. 8: B3.1 System Context
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«rationale»
The Shipyard executes
activities that occur
during the Performing
SHIPALT state w hich is
required for expected

«rationale»
To provide environmental
management services
needed to regulate PEPDS
internal thermal load.

i

«rationale»
Not restricted
to certain
class of ships.

PEPDS innovations.

Ease of Installation as a Unit

«busil Requirement»
Serial Thermal Management

«busines sRequirement»
Standardizable

«busines sRequirement»
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Table llI: B3.1 System Context Tracing
Name Rationale Refines Refined Stakeholder Needs Text Traced To

By simplifying operation and maintenance,

there should be low training requirements (in

regard to time and technical skills) for the Low training requirements in regard to

. . 2.2 Operator . . .

crew. Low training requirements lead to more L time and technical skills
Crew ; ) Trainability . . .

crew members being qualified to operate and 2 Operabilit System operation accomplished with

maintain PEPDS. This is necessary to P Y reduced manning and logistics effort

accomplish the stakeholder need of reduced

manning and logistics efforts.
Electric Ship in Use Not restricted to certain class of ships. 3.4 Standardizable Fits in many classes of ship
Electric Systems [ref 40]
(S)ffboard Power [ref 40]

ystems

Onboard Power Loads [ref 40]
Onboard Power [ref 40]
Sources

The system of interest is PEPDS which is a

new power, energy, and control distribution
PEPDS concept enabled by technology development [ref24]

funded by the ONR.
Ship Atmosphere [ref 14]
Ship Body [ref 14]
Ship Control [ref 45]
Ship Frame [ref 14]
Ship Sustainment To prov1de environmental management 3.1 Serial Thermal Universal thermal interface should be

services needed to regulate PEPDS internal [ref 14]
Resource Reserves Management proposed

thermal load.

The Shipyard executes activities that occur 5 1 Ease of E:\iiceggzts?gi?g;t:;ﬁ ;I;i:;OSt by
Shipyard during the Performing SHIPALT state which : . . £ . Jne [ref 7]

. . . . Installation as a Unit | executable off ship and avoiding

is required for expected PEPDS innovations. . . . . .

intensive cabling after ship construction
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package B2.1 PEPDS Use Cases [ B2.1 PEPDS Use Cases ])

| Modification date H 3/5/24, 4:08 PM |

«comment»

| Last modified by H cealde

| Additional B2.1 PEPDS Use Cases Tracing

Information

«system context»
Electric Ship in Use

Operate in Nominal
Condition

«rationale»

— |A reliable, robust, resilient, and

secure system that is
compatible w ith various

«businessRequirement»
- Reliability
«businessRequirement»
Resiliency

«include»
Operate PEPDS
~ «include»
-~
-~
|

Operate in

— T|operating conditions and set
points and tolerant to critical

Off-Nominal Condition

| | «include»
|

~ «include»
—

—~
| Program

4

«rationale» =D

By simplifying operation and
maintenance, there should
be low training requirements
(in regards to time and
technical skills) for the crew .
Low training requirements
leads to more crew
members being qualified to
operate and maintain PEPDS.
This is necessary to
accomplish the stakeholder
need of reduced manning
and logistics efforts.

| T

%

«rationale»

Crew members are required to perform
maintenance on PEPDS during operations w ithout
impeding performance. PEPDS must allow portions
of systemto be taken offline for maintenance or
repair w hile other portions are operational [ref 7].

To maintain the high standards of PEPDS
operations, CBM+ w ill be integrated to "diminish life-

«include» Replace LRUs — | _

«Term» — —
[ref 7]

___|«businessRequirement» | _PEPDSPMimWhiCh
Maintainability

maintenance dow ntime [ref 7].

scenarios.

— «businessRequirement»
Robustness
|_ o «businessRequirement»
Software Reliability
«businessRequirement»
Cyber Security

«rationale»
fieldprogrammableLRU
easy maintenance of the

minimizes the length of its

Field replaceable LRUs and

arrays allow for quick and

«rationale»

Not restricted to
certain class of ships.

«businessRequirement»
Standardizable

I

cycle costs by reducing unscheduled maintenance
and enabling predictive maintenance" [ref 93]. It L

will also "enhance safety, increase maintenance

«businessRequirement»
Integrated CBM+

«businessRequirement»
Functional Control

‘ Simplified LRU Replacement

«businessRequirement»

efficiency, improve availability, and ensure
environmental integrity” [ref 93].

«businessRequirement»
Operator Trainability

«businessRequirement»

Operability

«comment»
Return to Road
Map, MagicGrid, or
Package Diagram

-

Appendix A2 PEPDS System
Model Navigation Road Map

MagicGrid Index

B2 Use Cases

Fig. 9: B2.1 PEPDS Use Case
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Table IV: B2.1 PEPDS Use Cases Tracing

19/06/2024

operations, CBM+ will be integrated to
"diminish life-cycle costs by reducing
unscheduled maintenance and enabling
predictive maintenance" [ref 93]. It will also
"enhance safety, increase maintenance
efficiency, improve availability, and ensure
environmental integrity" [ref 93].

2.2 Operator Trainability

Name Rationale Refines Refined Stakeholder Need Text Traced To
By simplifying operation and maintenance,
there should be low training requirements (in .. . .
. . : Low training requirements in
regard to time and technical skills) for the crew. . . .
- . o regard to time and technical skills
Low training requirements lead to more crew 2.2 Operator Trainability . .
Crew 5 . o System operation accomplished
members being qualified to operate and 2 Operability . . L
. . with reduced manning and logistics
maintain PEPDS. This is necessary to effort
accomplish the stakeholder need of reduced
manning and logistics efforts.
Electric Ship in Use Not restricted to certain class of ships. 3.4 Standardizable Fits in many classes of ship
Crew members are required to perform
mgmtengnce on PEPDS during operations Condition based maintenance+
without impeding performance. PEPDS must . . .
. . fully integrated into design.
allow portions of system to be taken offline for . . .
. . . . Diagnosis, prognosis, and health
maintenance or repair while other portions are . s
operational [ref 7] prediction capabilities - down to the
P ’ 5.9 Integrated CBM+ device level.
Maintain PEPDS To maintain the high standards of PEPDS 2.1 Malnt.a.l nability Mamtenance with reduced down [ref 7]
2 Operability time [ref 93]

System operation accomplished
with reduced manning and logistics
effort

Low training requirements in
regard to time and technical skills

Operate in Nominal

A reliable, robust, resilient, and secure system
that is compatible with various operating

1.4 Robustness
1.3 Reliability
3.3.2 Cyber Security

Compatible with various operating
conditions and set pointsLong
online time when measured by
MTBFResistant to malicious

scenarios.

3.3.1 Software

Condition conditions and set points and tolerant to critical 331 Software attacks against software and offers
scenarios. . security observationContinuous
Reliability . . .
high-performance operation even in
disruptive processes
A reliable, robust, resilient, and secure system 1.5 Resilienc Tolerant to critical scenarios such
Operate in Off-Nominal | that is compatible with various operating ’ Y as faults and failure of device(s)
" . . .. 1.4 Robustness . . . .
Condition conditions and set points and tolerant to critical Compatible with various operating

conditions and set points
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Name Rationale Refines Refined Stakeholder Need Text Traced To
Reliability Continuous high-performance
3.3.2 Cyber Security operation even in disruptive
processes
Resistant to malicious attacks
against software and offers security
observation
Long online time when measured
by MTBFCompatible with various
operating conditions and set
By simplifying operation and maintenance, 1.3 Reliability pointsTolerant to critical scenarios
there should be low training requirements (in 1.4 Robustness such as faults and failure of
regard to time and technical skills) for the crew. | 1.5 Resiliency device(s)System operation
Operate PEPDS Low training requirements lead to more crew 2 Operability accomplished with reduced
members being qualified to operate and 2.2 Operator Trainability | manning and logistics effortLow
maintain PEPDS. This is necessary to 3.3.1 Software training requirements in regard to
accomplish the stakeholder need of reduced Reliability time and technical skillsContinuous
manning and logistics efforts. 3.3.2 Cyber Security high performance operation even in
disruptive processesResistant to
malicious attacks against software
and offers security observation
Field replaceable LRUs and field
programmable LRU arrays allow for quick and Control component and network
Program easy maintenance of the PEPDS portion which | 5.6 Functional Control functions through programming [ref 7]
minimizes the length of its maintenance and reconfiguration
downtime [ref 7].
Field replaceable LRUs and field Utl.l 12¢ LRI.JS that are asize an'd
. weight carriable by a single sailor,
programm able LRU arrays allow for .qu1ck gnd 5.11 Simplified LRU that can fit through hatches, that
Replace LRUs easy maintenance of the PEPDS portion which . . .. [ref 7]
minimizes the length of its maintenance Replacement ?equlres'mlmmal training for
downtime [ref 7]. installation and rerppyal, and has
plug & play capabilities
35
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state machine B2.2 PEPDS States and Modes [ B2.2 PEPDS States and Modes ])

\ Modification date H 4117124, 9:41 AM‘

‘ Last modified by H cealde ‘

«comment»

Additional
Information

B2.2 PEPDS States and Modes Tracing

«rationale»
Performing SHIPALT state allows
for upgrades, modernization,
alteration, and addition of new loads
w hile at Shipyard [ref 7].

=R

The Performing SHIPALT state is
necessary for expected PEPDS
innovations.

T

1
«businessRequirement»

Ease of Installation as a
Unit

«comment»
Return to Road
Map, MagicGrid, or
Package Diagram

Appendix A2 PEPDS System

Controlled Shutdow n

Operatil
Nominal C

Evidence of

nance Completed

Initiate Install | Remove off
Complete Install | Removej\
L Turn On
Controlled Shutdow n Forced |(Controlled Shutdow n
Operating

Failure

Autonomou?ly Recovered

ng in
ondition

L - - -

leed for Maintenance

Maintaining

[
|

S N
|

Operating in Off-
Nominal Condition

Evidence of Need|for Repair

«rationale»
CBM#+ analysis will provide
Evidence of Need for
Maintenance. Goal is to "diminish
life-cycle costs by reducing
unscheduled maintenance and
enabling predictive maintenance”
[ref 93].

MagicGrid Index B2

Model Navigation Road Map

«rationale»
Controlled shutdow n of
PEPDS occurs rarely. It
would occur w hile docked
for extensive maintenance
and SHIPALT [ref 45].

«rationale»
Operational in
various conditions
__|and can recover

from failures

«rationale»

Completingarepairin
the Maintenance state
transitions PEPDS into
the Operating Off-
Nominally state so that
PEPDS Autonomous
Recovery function can
conplete and confirm
recovery.

=R

=R

«Term»
[ref 7]

Use Cases

«rationale»
PEPDS rmust allow
maintenance to occur during
operation. PEPDS must allow
portions of systemto be
taken offline for maintenance
or repair w hile other portions
| are operational [ref 7].

Fig. 10: B2.2 PEPDS States and Modes
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«rationale»
Able to diagnose and
prognose failures to
autonomously recover
w hen possible
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Table V: B2.2 PEPDS States and Modes Tracing

19/06/2024

loads while at Shipyard [ref 7].The Performing

executable off ship and avoiding

Name Rationale Refines Refined Stakeholder Need Text Traced To
Tolerant to critical scenarios such as
Operating Operational in various conditions and can 1.5 Resiliency faults and failure of device(s)
recover from failures 1.4 Robustness Compatible with various operating
conditions and set points
Controlled shutdown of PEPDS occurs rarely. It
Off would occur while docked for extensive [ref 45]
maintenance and SHIPALT [ref 45].
Compatible with various operating
Operating in Nominal Operational in various conditions and can 1.4 Robustness conditions and set points
Condition recover from failures 1.5 Resiliency Tolerant to critical scenarios such as
faults and failure of device(s)
Tolerant to critical scenarios such as
faults and failure of device(s)
Compatible with various operating
conditions and set points
Control algorithms self-adapt to
Completing a repair in the Maintenance state 1.5 Resiliency changes in mission requirements,
Operating in Off-Nominal transi.tions PEPDS into the Operating Off- 1.4 Robus.tness load performance, and system
Condition Nominally state so that PEPDS Autonomous 5.7 Adaptive Controls upgrades
Recovery function can complete and confirm 5.8 Automated Self- Have self-diagnosis or automated
recovery. check self-check after controls upgrades
which would be an advanced
concept of CHIL with regression
tests embedded in PEPDS
(integrated “digital twin™) —
including cybersecurity aspects
Maintenance with reduced down
PEPDS must allow maintenance to occur during time .. .
. . T Condition based maintenance+ fully
Maintaining operation. PEPDS must al.low portions of system 2.1 Maintainability integrated into design. Diagnosis, [ref 7]
to be taken offline for maintenance or repair 5.9 Integrated CBM+ . =
while other portions are operational [ref 7] prognosis, and health prediction
’ capabilities - down to the device
level.
Performing SHIPALT state allows for upgrades, . Reduce installation time and cost by
Performing SHIPALT modernization, alteration, and addition of new astéla%llsliet of Installation having construction and testing EZ? ‘7‘]5]
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Name Rationale Refines Refined Stakeholder Need Text Traced To
SHIPALT state is necessary for expected intensive cabling after ship
PEPDS innovations. construction
Control algorithms self-adapt to
changes in mission requirements,
load performance, and system
upgrades
Able to diaenose and prognose failures to 5.7 Adaptive Controls Have self-diagnosis or automated
Autonomously Recovered & progi . 5.8 Automated Self- self-check after controls upgrades
autonomously recover when possible .
check which would be an advanced
concept of CHIL with regression
tests embedded in PEPDS
(integrated “digital twin”) —
including cybersecurity aspects
CBM+ analysis will provide Evidence of Need Condltlon based mamteng neet .fully
. . Mt integrated into design. Diagnosis,
Evidence of Need for for Maintenance. Goal is to "diminish life-cycle . e
. . . 5.9 Integrated CBM+ prognosis, and health prediction [ref 93]
Maintenance costs by reducing unscheduled maintenance and o .
. L . " capabilities - down to the device
enabling predictive maintenance" [ref 93]. level
CBM+ analysis will provide Evidence of Need
. for Maintenance. Goal is to "diminish life-cycle
Maintenance Completed costs by reducing unscheduled maintenance and [ref 93]
enabling predictive maintenance" [ref 93].
Evidence of Need for
Repair
Completing a repair in the Maintenance state
transitions PEPDS into the Operating Off-
Repaired Nominally state so that PEPDS Autonomous
Recovery function can complete and confirm
recovery.
. Operational in various conditions and can
Failure .
recover from failures
Controlled Shutdown [ref 45]
Controlled Shutdown [ref 45]
Controlled shutdown of PEPDS occurs rarely. It
Forced | Controlled . .
Shutdown would occur while docked for extensive [ref 45]
maintenance and SHIPALT [ref 45].
Turn On

Initiate Install | Remove
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Name

Rationale

Refines

Refined Stakeholder Need Text

Traced To

Complete Install | Remove

Do not begin SHIPALT
outside shipyard

Begin SHIPALT in
shipyard
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activity B2.3 Operate PEFDS Scenario [ B2.3 Operate PEPDS Scenario  J
[Modification dace”12/14/23,s:10 PM‘ _____ - _‘%
‘Lastmodiﬂedby cealde Additional B2.3 PEPDS Scenarios Tracing 3 Exchange Items
nformation
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[l Hardw are Netw ork
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— Pow er defiver
- «Term» «comment» oL _ _ {i «Term» 1] tailored ",.oag’ = «Term»  [)
[ref 54] These functions (behaviors, specifically W2.1, 2, 3, 4) define how the its capabiii W3.1 Logical Architecture [ref 45] requirements [ref 7]
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|
«rationale» «rationale» «rationale»
Enables PEFDS Enables PEFDS innovations of an integrated pow er and Enables PEFDS innovation of serial !
innovation of integrated energy power distribution system with distributed thermal management to address the |
control resources and integrated functionaliy that defivers pow er heat generated from system
T from source to load and tailors power to meet individual operation |
| load requirements | |
T T
1
[
Integrated Power and Energy | | | Design Serial Thermal
Power Distribution System_| | | Management
«businessRequirement» J 1 [«businessRequirement»
Distributed Power Conversion Power Delivery
comens [ T T T T T T !
Return to Road |
Map, MagicGrid, or | _ _ _ - =
Package Diagram
Appendix A2 PEPDS System  MagicGrid Index ~ B2 Use Cases
Model Navigation Road Map

Fig. 11: B2.3 Operate PEPDS Scenario (Review Part 1)
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Table VI: B2.3 PEPDS Scenarios Tracing
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Name Type Rationale Refines Refined Stakeholder Need Text Traced To
Crew Commands [ref 54]
Electrical Characterization Pow§r delivery tailored to load [ref 7]
Power Needs requirements
load Electrical [ref 14]

Power
Environmental
Service Management [ref 14]
Services
Ship Control Commands [ref 45]
source Electrical [ref 14]
Power
Status for Feedback [ref 54]
Crew
Status for Ship
Control Feedback [ref 45]
Environmental
thermal load Load [ref 14]
Shutdown
Startup

W2.1 Control
PEPDS

Enables PEPDS innovations of an
integrated power and energy power
distribution system with distributed
resources and integrated functionality
that delivers power from source to load
and tailors power to meet individual
load requirements.

Enables PEPDS innovation of integrated
control

5.5 Integrated
Control

5.13 Integrated
Power and Energy
Power Distribution
System

Integrated electrical, thermal, and mechanical
control

PEPDS is an integrated power and energy
power distribution system which should have
integrated power, propulsion, optimization,
protection, filtering, storage, and control

W2.2 Protect
PEPDS

Enables PEPDS innovations of an
integrated power and energy power
distribution system with distributed
resources and integrated functionality
that delivers power from source to load
and tailors power to meet individual
load requirements.

5.13 Integrated
Power and Energy
Power Distribution
System

PEPDS is an integrated power and energy
power distribution system which should have
integrated power, propulsion, optimization,
protection, filtering, storage, and control
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Name Type Rationale Refines Refined Stakeholder Need Text Traced To
PEPDS is an integrated power and energy
power distribution system which should have
integrated power, propulsion, optimization,
5.13 Integrated protection, filtering, storage, and
Enables PEPDS innovations of an Power and Energy controlDistributed power conversion
integrated power and energy power Power Distribution provides protection, filtering, and energy
W23 distribution system with distributed System storage. It creates an interface for every load
Distribute resources and integrated functionality 5.14 Distributed meaning there will be no single interface
Power that delivers power from source to load | Power Conversion standard for all loads and that ac or dc,
and tailors power to meet individual 5.2 Load Interface frequency, voltage, power, etc. are tailored to
load requirements. Design meet individual load requirementsCommon
1 Power Delivery interface solution for all loads with increased
possibilities of load interface spatial
arrangement in the shipTransfers power from
power source to power load
W2.4 Manage Enables PEPDS innovation of serial 3.1 Serial Thermal Universal thermal interface should be
Thermal Load thermal management to address the heat Management proposed [ref 11]
of PEPDS generated from system operation
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class Electric Ship in Use [ B3.2 System Context Interfaces ] )

Modification date || 12/13/23, 3:22 PM
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Information
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«rationale» @a
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«rationale» =
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1ty - |

|
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|
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«businessRequirement»
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«comment»
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Fig. 12: B3.2 System Context Interfaces
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Table VII: B3.2 System Context Interfaces Tracing
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Name Rationale Refines Refined Stakeholder Need Text Traced To
Crew Interaction 5.5 Integrated Control Integrated electrical, thermal, and mechanical control [ref 54]
Environmental Load
Exchange [ref 14]
Efiﬁiﬁﬁzgtieme% ;Lf;gr;igrﬂemal Universal thermal interface should be proposed [ref 14]
Distributed power conversion provides protection, filtering,
o and energy storage. It creates an interface for every load
Electrical Power Common interface égivzrlsit(r)futed Power meaning there will be no single interface standard for all
Exchange solution 52 Load Interface 10.ads and that ac or.d(.:, frequency, V(?ltage, power, etc. are [ref 40]
Design tailored to meet individual load requirements
Common interface solution for all loads with increased
possibilities of load interface spatial arrangement in the ship
Distributed power conversion provides protection, filtering,
Electrical Power Tailor power based on 5.14 Distributed Power and energy storage. It creaFes an interface for every load
Characterization load needs Conversion meaning there will be no single interface standard for all [ref 7]
loads and that ac or dc, frequency, voltage, power, etc. are
tailored to meet individual load requirements
5.10 Comprehensive
. . Application of the LRU Maximize the dependence on LRUs while minimizing the
LRU Exchange Enables innovations Approach to the Entire different types of LRUs ¢ [ref 46]
System Design
5 1 Ease of Installation Reduce installation time and cost by having construction and
Non-LRU Exchange Enables innovations aé a Unit testing executable off ship and avoiding intensive cabling [ref 46]
after ship construction
Ship Control Interaction 5.5 Integrated Control Integrated electrical, thermal, and mechanical control [ref 45]
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2.4 Long Life Expectancy
3.2 Parallel Redundancy
5.9 Integrated CBM+

Owner Name Rationale Refines Refined Stakeholder Need Text Traced To
B4.1 RAM MoEs B4.1 RAM MoEs 1.3 Reliability Long online time when measured by MTBF [ref 33]
1.5 Resiliency Tolerant to critical scenarios such as faults and failure of [ref 35]
1.6 UPS device(s) [ref 23]
2.1 Maintainability If demand is greater than supply (delta power), then provide [ref 37]

provisional power for x time

Maintenance with reduced down time

Long operable lifespan

Parallel operation to provide continuous power to mission
critical loads

Condition based maintenance+ fully integrated into design.
Diagnosis, prognosis, and health prediction capabilities - down
to the device level.
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2 Operability

2.2 Operator Trainability
3 Scalability

3.3.3 Dynamic Response
3.4 Standardizable

3.5 Affordability

3.6 Hotswappable

5.1 Ease of Installation as
a Unit

5.3 Power Electronic
Interfaces

5.6 Functional Control
5.7 Adaptive Controls
5.11 Simplified LRU
Replacement

5.12 Minimal Redundant
Elements

5.15 Reduce
Conventional Switchgear

Owner Name Rationale Refines Refined Stakeholder Need Text Traced To
B4.2 Operability B4.2 Operability 1 Power Delivery Transfers power from power source to power load [ref 38]
MoEs MoEs 1.1 Power Efficiency Limit power loss during transmission and conversion [ref 36]
1.2 Power Density High power rating relative to volume [ref 53]
1.4 Robustness Compatible with various operating conditions and set points [ref 39]

System operation accomplished with reduced manning and
logistics effort

Low training requirements in regard to time and technical skills
Greater power requirement met through serial and/or parallel
connections

Can ramp up power in a short time; can provide x time over
power in a short time slot

Fits in many classes of ship

Reduce implementation and operation cost for life cycle
Hotswappable "Plug-and-Play" applications

Reduce installation time and cost by having construction and
testing executable off ship and avoiding intensive cabling after
ship construction

All source and load interfaces are power electronics based and
as such provide the required adaptability, reconfigurability, and
fault current limitation

Control component and network functions through
programming and reconfiguration

Control algorithms self-adapt to changes in mission
requirements, load performance, and system upgrades

Utilize LRUs that are a size and weight carriable by a single
sailor, that can fit through hatches, that requires minimal
training for installation and removal, and has plug & play
capabilities

Provide power quality to loads using fewer components by
using distributed resources and integrated functionality such as
advanced power electronic control across many converters,
active filtering across many converters, and distributed storage
Integrate functionality of switchgear within the power
electronics framework in order to reduce or eliminate use of
conventional external switchgear and provide current limiting
function - thereby reducing risk from high fault currents and
hence improving reliability

48

DISTRIBUTION STATEMENT A. Approved for public release distribution unlimited.



3.4 Standardizable

1.4 Robustness
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Owner Name Rationale Refines Refined Stakeholder Need Text Traced To
B4.3 Safety MoEs | B4.3 Safety MoEs 2.3 Safety Safe handling conditions
2.3.1 Thermally External environment at reasonable handling temperatures
Touchable Weight and volume at a reasonable range for handling
2.3.2 Liftable Insulation to limit current through operator
2.3.3 Electrically Universal thermal interface should be proposed
Insulated Resistant to malicious attacks against software and offers
3.1 Serial Thermal security observation
Management Have self-diagnosis or automated self-check after controls
3.3.2 Cyber Security upgrades which would be an advanced concept of CHIL with
5.8 Automated Self-check | regression tests embedded in PEPDS (integrated “digital twin”)
5.11 Simplified LRU — including cybersecurity aspects
Replacement Utilize LRUs that are a size and weight carriable by a single
sailor, that can fit through hatches, that requires minimal
training for installation and removal, and has plug & play
capabilities
B4.1 RAM MoEs Availability MoPs 2.1 Maintainability Maintenance with reduced down time [ref 33]
1.3 Reliability Long online time when measured by MTBF
B4.1 RAM MoEs Maintainability 2.1 Maintainability Maintenance with reduced down time
MoPs 5.9 Integrated CBM+ Condition based maintenance+ fully integrated into design.
Diagnosis, prognosis, and health prediction capabilities - down
to the device level.
B4.1 RAM MoEs Reliability MoPs 1.6 UPS If demand is greater than supply (delta power), then provide
2.4 Long Life Expectancy | provisional power for x time
1.3 Reliability Long operable lifespan
3.2 Parallel Redundancy Long online time when measured by MTBF
1.5 Resiliency Parallel operation to provide continuous power to mission
critical loads
Tolerant to critical scenarios such as faults and failure of
device(s)
B4.2 Operability Adaptability MoPs 3.6 Hotswappable Hotswappable "Plug-and-Play" applications
MoEs 3 Scalability Greater power requirement met through serial and/or parallel
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Owner Name Rationale Refines Refined Stakeholder Need Text Traced To
B4.2 Operability Affordability 3.5 Affordability Reduce implementation and operation cost for life cycle
MoEs MoPs 5.1 Ease of Installation as | Reduce installation time and cost by having construction and
a Unit testing executable off ship and avoiding intensive cabling after
ship construction
B4.2 Operability Logistics MoPs 2.2 Operator Trainability | Low training requirements in regard to time and technical skills
MoEs 2 Operability System operation accomplished with reduced manning and
5.11 Simplified LRU logistics effort
Replacement Utilize LRUs that are a size and weight carriable by a single
5.1 Ease of Installation as | sailor, that can fit through hatches, that requires minimal
a Unit training for installation and removal, and has plug & play
capabilities
Reduce installation time and cost by having construction and
testing executable off ship and avoiding intensive cabling after
ship construction
B4.2 Operability Power Distribution 1.1 Power Efficiency Limit power loss during transmission and conversion
MoEs MoPs 3.3.3 Dynamic Response | Can ramp up power in a short time; can provide x time over
1 Power Delivery power in a short time slot
1.2 Power Density Transfers power from power source to power load
5.12 Minimal Redundant | High power rating relative to volume
Elements Provide power quality to loads using fewer components by
5.3 Power Electronic using distributed resources and integrated functionality such as
Interfaces advanced power electronic control across many converters,
5.15 Reduce active filtering across many converters, and distributed storage
Conventional Switchgear | All source and load interfaces are power electronics based and
as such provide the required adaptability, reconfigurability, and
fault current limitation
Integrate functionality of switchgear within the power
electronics framework in order to reduce or eliminate use of
conventional external switchgear and provide current limiting
function - thereby reducing risk from high fault currents and
hence improving reliability
B4.2 Operability Quality of Service [ref 39]
MoEs MoPs
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Owner Name Rationale Refines Refined Stakeholder Need Text Traced To
B4.3 Safety MoEs | Personnel Safety 2.3.1 Thermally External environment at reasonable handling temperatures
MoPs Touchable Utilize LRUs that are a size and weight carriable by a single
5.11 Simplified LRU sailor, that can fit through hatches, that requires minimal
Replacement training for installation and removal, and has plug & play
2.3.3 Electrically capabilities
Insulated Insulation to limit current through operator
2.3 Safety Safe handling conditions
3.1 Serial Thermal Universal thermal interface should be proposed
Management Weight and volume at a reasonable range for handling

2.3.2 Liftable

B4.3 Safety MoEs
MoPs

System Safety

3.1 Serial Thermal
Management

3.3.2 Cyber Security

5.8 Automated Self-check
2.3 Safety

Universal thermal interface should be proposed

Resistant to malicious attacks against software and offers
security observation

Have self-diagnosis or automated self-check after controls
upgrades which would be an advanced concept of CHIL with
regression tests embedded in PEPDS (integrated “digital twin”)
— including cybersecurity aspects

Safe handling conditions
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Table IX:W3.1 Logical Architecture Tracing
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Name

Rationale

Refines

Refined Stakeholder Need Text

Traced To

Control Capability

To meet stakeholder needs regarding
PEPDS innovations PEPDS will need
distributed resources and integrated
functionality

5.6 Functional Control

5.12 Minimal Redundant Elements
5.13 Integrated Power and Energy
Power Distribution System

5.5 Integrated Control

Control component and network functions
through programming and reconfiguration
Provide power quality to loads using fewer
components by using distributed resources and
integrated functionality such as advanced
power electronic control across many
converters, active filtering across many
converters, and distributed storage

PEPDS is an integrated power and energy
power distribution system which should have
integrated power, propulsion, optimization,
protection, filtering, storage, and control
Integrated electrical, thermal, and mechanical
control

[ref 24]

Electrical Distribution
Capability

To meet stakeholder needs regarding
PEPDS innovations PEPDS will need
distributed resources and integrated
functionality

5.13 Integrated Power and Energy
Power Distribution System
5.14 Distributed Power Conversion

PEPDS is an integrated power and energy
power distribution system which should have
integrated power, propulsion, optimization,
protection, filtering, storage, and control
Distributed power conversion provides
protection, filtering, and energy storage. It
creates an interface for every load meaning
there will be no single interface standard for
all loads and that ac or dc, frequency, voltage,
power, etc. are tailored to meet individual load
requirements

[ref 24]

Energy Storage
Capability

integration of both point and
distributed energy storage directly into
the power distribution system

5.12 Minimal Redundant Elements

Provide power quality to loads using fewer
components by using distributed resources and
integrated functionality such as advanced
power electronic control across many
converters, active filtering across many
converters, and distributed storage

[ref 24]
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Name Rationale Refines Refined Stakeholder Need Text Traced To
Maximize the dependence on LRUs while
LRUs are easily installed, removed, 5.10 Comprehensive Application munmizing the different t ypes OfLRUS
. . . Utilize LRUs that are a size and weight
and transported by a single sailor. of the LRU Approach to the Entire . . .
LRUs . carriable by a single sailor, that can fit through | [ref 46]
LRUs have spares onboard. Some System Design hatches. th 5 nimal frainine f
LRUs are reprogrammable 5.11 Simplified LRU Replacement | . atches, that requires minimal training for
' ' installation and removal, and has plug & play
capabilities
Non-LRUs are not easily installed,
Non-LRUs removed, and transported by a single [ref 46]
sailor.
The system of interest is PEPDS which
is a new power, energy, and control
PEPDS distribution concept enabled by [ref 24]
technology development funded by the
ONR.
"Making the converters part of the Provide power qughty t'o lgads using fewer
Lo S . components by using distributed resources and
. distribution is exactly what is needed to . . .
Power Conversion . . . integrated functionality such as advanced
.- reduce cost, achieve control, improve 5.12 Minimal Redundant Elements . [ref 24]
Capability . power electronic control across many
performance, enable cyber security, . !
. LT converters, active filtering across many
and further reduce size and weight. .
converters, and distributed storage
Power.ljransportatlon | Power Delivery Transfers power from power source to power
Capability load
To meet stakeholder needs regarding PEPDS is an integrated power and energy
Protection Capability PEPDS innovations PEPDS will need 5.13 Integrated Power and Energy | power distribution system which should have [ref 45]

distributed resources and integrated
functionality

Power Distribution System

integrated power, propulsion, optimization,
protection, filtering, storage, and control

Thermal Management
Capability

To meet stakeholder needs regarding
PEPDS innovations PEPDS will need
distributed resources and integrated
functionality

3.1 Serial Thermal Management

Universal thermal interface should be
proposed
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|
Map, MagicGrid, or EELI

Package Diagram
MagicGrid Index W2 Functional Analysis

Appendix A2 PEPDS System
Model Navigation Road Map

Fig. 20: W2.1.1.2 Control Functions
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(“act [Activity] W2.1.1.3 Execute CBM+[ W2.1.1.3 Execute CBM+ | J

— «comment» L L
| Modification date||2/26/24, 8:56 PM| ’ P - - -
‘Last modified by H cealde ‘ Information W2.1 Control PEPDS Tracing

Capture Data

o

W2.1.1 Control Information

«trace»
______ A
|
|
x I «rationale» ;=_l‘z:
raw data and/or analyzed data sent to
| | J\ ship control w hich distributes it to outside
| - - = | — T T|systems to support externalCBM+ [ T T T T T R
processes
Store Data Transmit Data |
|
| | «trace» |\  «trace» |
Iél !
| I
I
Perform CBM+ |
Analysis «tricei - - - 4 — «Term»

| [ref 48]
|
I |
Identify
Evidence of «rationale»
Need for
Maintenance

— =
Evidence of need for maintenance can be a
system health change or a PEPDS failure

«comment»

Return to Road
Map, MagicGrid, or
Package Diagram

Appendix A2 PEPDS System
Model Navigation Road Map

MagicGrid Index W2 Functional Analysis

Fig. 21: W2.1.1.3 Execute CBM+
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act [Activity] W2.1.2 Control PEPDS Capabilities [ W2.1.2 Control PEPDS Capabilities ]J

Modification date|[ 1424, 6:21PM| | INTT T T T T T T T T T T T T T -
‘ ‘ «comment» =
Last modified by |[ceatde || [Agitionai — — ~ A &8
Information W2.1 Control PEPDS Tracing 3 Exchange ltems W2.1 Control PEPDS

_________________ )
«comment»
Created in W2.1.1 Control Information. - - =
Executed In W2.1.2 Control PEPDS W2.1.1 Control Inf tii . .
Capabilties. Detailed in B3.3/W3.3 ontrolinformation @ «ationale =L arationaley = T =
Exchange ftems. | Includes route ACand DC Ne =
_ _ _|power, conversions, tgess?ry - - - =
- ( isolate/energiz frequency, &e "t’"sl o |
i i I Map Control e sections voltage, control pow er
in Instructions : Control Strategy | Strategy onto | and pow er quality and energy |
PEPDS Actions | components, etc. | |
[ : : | !
v | |
! !
[ ! ] I I [ | [ [ '
|
| I . [ P [ :
5 i 2 L % v o1 2 | 2 2 |
ac?:rensms asnource- Command Service Command Shed Configure Power Configure Command Tailor Address PEPDS
Power Loads Loads Networks Components Power Capability Needs |
I ! I ' [ N I ! I | |
[ [ I | | I [ |
| v |V | ¥ v v |V |
I I T I I I I |
| | | | | | |
| | Issue e M 7 H out output : Commands
» Prioritized
_____ ! G ImiD A A A H out Updates : Control Strategy ‘
| | | | |
___________ - I | |
é [ ——— e — - — - = = = = A - - )
—__ ! |
(- —— |
«rationale» «rationale»

«rationale»
Tailor Pow er

Interfaces w ith external electrical
systems are adaptable and

Able to address electrical,
thermal, and mechanical needs

[ref 52] [ref 50] Configure =

Components

«Term» @‘ ‘ «Termy» E}» | wationaler =

N
I
I
I

controllable and Netw orks of PEPDS Capabilities
T
| | '
—_—_ = = = = = = —
| | I | |
«businessRequirement» «businessRequirement» «businessRequirement» «businessRequirement» «businessRequirement»

Power Electronic Interfaces

«businessRequirement»
Integrated Power and Energy Power Distribution System Distributed Power Conversion
=

o J

Load Interface Design Functional Control Inte grated Control

«comment»
Return to Road
Map, MagicGrid, or
Package Diagram

Appendix A2 PEPDS System MagicGrid Index W2 Functional Analysis
Model Navigation Road Map

Fig. 22: W2.1.2 Control PEPDS Capabilities
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Table X: W2.1 Control PEPDS Tracing

19/06/2024

Refined Stakeholder Need

control electrical power
by commanding
capabilities

control

Owner Name Type Rationale Refines Text Traced To
W2.1 Control PEPDS Control Strategy
W2.1 Control PEPDS | energy storage operation | Commands
W2.1 Control PEPDS | energy storage status Feedback
W2.1 Control PEPDS | POW¢! conversion Commands
operation
W2.1 Control PEPDS | power conversion status | Feedback
W2.1 Control PEPDS power.transportatlon Commands
operation
W2.1 Control PEPDS Is)t(; :;;r transportation Feedback
W2.1 Control PEPDS | protection operation Commands
W2.1 Control PEPDS | protection status Feedback
W2.1 Control PEPDS thermgl management Commands
operation
W2.1 Control PEPDS thermal management Feedback
status
PEPDS requires control
of power and
information
Gather, send, and Integrated electrical,
W2.1 Control PEPDS W2.1.1 (?ontrol analyze data and 5.5 Integrated thermal, and mechanical [ref 24]
Information . . . Control [ref 52]
information. Determine control
PEPDS needs based on
analysis. Update control
strategy based on PEPDS
needs.
PEPDS requires control
of power and
information as instructed Integrated electrical
W2.1.2 Control PEPDS 5.5 Integrated . [ref 24]
W2.1 Control PEPDS Capabilities by the control strategy, Control thermal, and mechanical [ref 52]
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Owner Name Type Rationale Refines Refined Stztiliolder Need Traced To
W2.1.1 Control Monitor PEPDS
Information
W2.1.1 (.Iontrol Report on PEPDS
Information
Ability to self-learn by
tracking performance and
W2.L1 Control Track and Improve 5.4 Self Learning CBM+gdata and analyzing
Information .
control and protection
activities
Integrated electrical,
thermal, and mechanical
5.5 Integrated control
W2.1.1 Control W2.1.1.1 Control Integrated Controls that | Control Control algorithms self-
Information Capabilities Adapt to System Needs 5.7 Adaptive adapt to changes in mission
Controls requirements, load
performance, and system
upgrades
Control component and
W2.1.1 Control W2.1.1.2 Control 5.6 Functional network functions through
Information Functions Control programming and
reconfiguration
Condition based
maintenance+ fully
integrated into design. [ref 47]
W2.1.1 Control W2.1.1.3 Execute CBM+ >.9 Integrated Diagnosis, prognosigs, and | [ref 48]
Information CBM+ o
health prediction [ref 50]
capabilities - down to the
device level.
Integrated electrical,
thermal, and mechanical
Includes consideration of | 5.5 Integrated control
W2.1.1.1 Control Analyze Capability protection response and Control Control algorithms self-
Capabilities Needs capabilities failing to 5.7 Adaptive adapt to changes in mission
provide feedback Controls requirements, load
performance, and system
upgrades
W2.1.1.1 Control Analyze Power Load 5.7 Adaptive Control algorithms self-
Capabilities Demands Controls adapt to changes in mission
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Owner

Name

Type

Rationale

Refines

Refined Stakeholder Need
Text

Traced To

5.5 Integrated
Control

requirements, load
performance, and system
upgrades

Integrated electrical,
thermal, and mechanical
control

W2.1.1.1 Control
Capabilities

Analyze Power Source
Supply

5.7 Adaptive
Controls

5.5 Integrated
Control

Control algorithms self-
adapt to changes in mission
requirements, load
performance, and system
upgradeslntegrated
electrical, thermal, and
mechanical control

W2.1.1.1 Control
Capabilities

Determine Course of
Action

5.7 Adaptive
Controls

5.5 Integrated
Control

Control algorithms self-
adapt to changes in mission
requirements, load
performance, and system
upgrades

Integrated electrical,
thermal, and mechanical
control

W2.1.1.1 Control
Capabilities

Update Control Strategy

5.5 Integrated
Control

5.7 Adaptive
Controls

Integrated electrical,
thermal, and mechanical
control

Control algorithms self-
adapt to changes in mission
requirements, load
performance, and system
upgrades

W2.1.1.2 Control
Functions

Assess Impact

5.8 Automated
Self-check

Have self-diagnosis or
automated self-check after
controls upgrades which
would be an advanced
concept of CHIL with
regression tests embedded
in PEPDS (integrated
“digital twin”) — including
cybersecurity aspects
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Owner Name Type Rationale Refines Refined Stztiliolder Need Traced To
Control component and
W2.1.1.2 Control Program Communication 5.6 Functional network functions through
Functions Networks Control programming and
reconfiguration
Control component and
W2.1.1.2 Control Program PEPDS 5.6 Functional network functions through
Functions Components Control programming and
reconfiguration
Control component and
W2.1.1.2 Control Program Power 5.6 Functional network functions through
Functions Networks Control programming and
reconfiguration
W2.1.1.3 Execute
CBM+ Capture Data [ref 48]
Evidence of need for
W2.1.1.3 Execute Identify Evidence of maintenance can be a [ref 48]
CBM+ Need for Maintenance system health change or
a PEPDS failure
W2.1.1.3 Execute .
CBM+ Perform CBM+ Analysis [ref 48]
W2.1.1.3 Execute
CBM+ Store Data [ref 48]
raw data and/or analyzed
data sent to ship control
W2.1.1.3 Execute Transmit Data which distributes it to [ref 48]

CBM+

outside systems to
support external CBM+
processes

W2.1.2 Control

PEPDS Capabilities

Address PEPDS
Capability Needs

Able to address
electrical, thermal, and
mechanical needs of
PEPDS Capabilities

5.5 Integrated
Control

Integrated electrical,
thermal, and mechanical
control
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Refined Stakeholder Need

DISTRIBUTION STATEMENT A. Approved for public release distribution unlimited.

Owner Name Type Rationale Refines Text Traced To
Common interface solution
for all loads with increased
possibilities of load
interface spatial

Interfaces with external ]Sjgs?fd Interface arrangement in the ship
W2.1.2 Control Command Access electrical systems are £ All source and load
s 5.3 Power . [ref 52]
PEPDS Capabilities Source Power adaptable and . interfaces are power
Electronic .
controllable electronics based and as
Interfaces . .
such provide the required
adaptability,
reconfigurability, and fault
current limitation
Common interface solution
for all loads with increased
possibilities of load
. 5.2 Load Interface | interface spatial
Interfaces with external . . .
. Design arrangement in the shipAll
W2.1.2 Control Command De-access electrical systems are .
s 5.3 Power source and load interfaces [ref 52]
PEPDS Capabilities Source Power adaptable and . .
Electronic are power electronics based
controllable .
Interfaces and as such provide the
required adaptability,
reconfigurability, and fault
current limitation
Common interface solution
for all loads with increased
possibilities of load
interface spatial
Interfaces with external ]5:).55?21&1 Interface arrangement in the ship
W2.1.2 Control . electrical systems are & All source and load
s Command Service Loads 5.3 Power . [ref 52]
PEPDS Capabilities adaptable and . interfaces are power
Electronic .
controllable electronics based and as
Interfaces . .
such provide the required
adaptability,
reconfigurability, and fault
current limitation
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Refined Stakeholder Need

PEPDS Capabilities

Networks

Configure Components

Control

programming and

Owner Name Type Rationale Refines Text Traced To
Common interface solution
for all loads with increased
possibilities of load
. 5.2 Load Interface | interface spatial
Interfaces with external . . .
W2.1.2 Control electrical systems are Design arrangement in the shipAll
T~ s Command Shed Loads 5.3 Power source and load interfaces [ref 52]
PEPDS Capabilities adaptable and . .
controllable Electronic are power electronics based
Interfaces and as such provide the
required adaptability,
reconfigurability, and fault
current limitation
Distributed power
conversion provides
protection, filtering, and
AC and DC conversions energy storage. It creates an
W2.1.2 Control . frequency, voltage, 5.14 Distributed 1nterfgce for every load
s Command Tailor Power . . meaning there will be no [ref 52]
PEPDS Capabilities power quality, etc. Power Conversion . .
Tailor Power single interface standard for
all loads and that ac or dc,
frequency, voltage, power,
etc. are tailored to meet
individual load requirements
Control component and
W2.1.2 Control Confieure Components Configure Components 5.6 Functional network functions through [ref 50]
PEPDS Capabilities & P and Networks Control programming and
reconfiguration
AR
W2.1.2 Control Configure Power g 5.6 Functional network functions through
and components, etc. [ref 50]
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and Networks reconfiguration
W2.1.2 Control Issue Prioritized
PEPDS Capabilities Commands
W2.1.2 Control Map Control Strategy
PEPDS Capabilities onto PEPDS Actions
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act [Activity] W2.2 Protect PEPDS [ W2.2 Protect PEPDS ] J

[ Modiication date|| 12/14123, 8:13 P

‘Las' modified by H cealde ‘ Additional W2.2 Protect PEPDS Tracing 3 Exchange ltems
Protection Legend
[] Continuous Protection
[ Handle Failure
«allocate» «allocate» «allocate» «allocate»
Control Capability Protection Capability Hlectrical Distribution Capability Thermal Manage ment Capability

«allocate» «allocate» «allocate»
Power Transportation Capability | Power Conversion Capability Energy Storage Capability

. = - 4

| | PEPDS FYECAXiX «comments
| ~ - Capabilties w il create
v ( Perform environmental loads as an
' N > Diagnosis «comment> unintended side effect of
| I Progress their functions w hich thermal
;‘ﬁ_/ 9 management must address
- S v Since environmental loads
“"s';‘l’;::;“'g" Analyze PEPDS ) v — 77 are unintended side effects,
s Performance p they are only modeled in W2
| Characteristics Perform | 4 Manage Thermal Load of
Prognosis ) PEPDS.
I T |
N
| v v | [
«interfaceBlock» [5] | T [
protection | A ™1
— = strategy: | ]
| Control | ’ Determine (.
| Strategy | | Operational _ | | cnterfaceBlock»  [g] ainterfaceBlocks  [g] anterfaceBlocks  [g] «interfaceBlocks 9]
[ — | WEEDE | ~h power transport power conversion energy storage therm al management
cinterfaceBlock» [9] j 2 fSafety, | | [ status : Feedback status : Feedback status : Feedback status : Feedback
| protection | Sy [
: and Resilience |
I operation : |
Commands I | | [
[ | [
i | ,4'; : | [
( Select U —
[ | ‘ Protection N [
| Response |
| I ———, | (|
I \ | ‘ [
|1 | «interfaceBlock» o] | | : | [
protection e
[ Lotectis A I Send W - | I
[ Feedback I \ /| [ (]
[ I | U : I [
[ I (:) o ! [
[ I o ! [
I | - | oW -
(] | . ‘ [
L | [
[

«rationale»

__|cbusinessRequirements | |0y require immediate response
Integrated Control of the system because of

imminent danger to personnel or

system inside or outside PEPDS;

«businessRequirement» |  |or may require eventual
Adaptive Controls response; or may require no

response

A

«rationale»
Commands issued by the Control
Capability. Control Capability uses
the Control Strategy to generate
commands. The Control Strategy
contains both the Operation
Strategy and the Protection Strategy.

«rationale»
To identify changes in source and
load characteristics for controls
adaptations and identifying failure
outside of PEPDS

«rationale»
Select response to
suggest to Control
Capability

Integ ra(ed CBM+

- - «Term» [t)

[ref 50]

Diagnosis,
prognosis, and

health prediction
capabiliies

«comment»
Return to Road
Map, MagicGrid, or
Package Diagram

- - -

Appendix A2 PEPDS System  MagicGrid Index W2 Functional Analysis
Model Navigation Road Map

Fig. 23: W2.2 Protect PEPDS
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Table XI: W2.2 Protect PEPDS Tracing

19/06/2024

commands. The Control
Strategy contains both the
Operation Strategy and the
Protection Strategy.

Name Type Rationale Refines Refined Stakeholder Needs Text | Traced To
Control algorithms self-adapt to
Analyze PEPDS Performance 5.7 Adaptive Controls changes in mission requirements,
load performance, and system
upgrades
To identify changes in Control algorithms self-adapt to
Analyze Power Source and Load source an.d l.oad . changes in mission requirements
. characteristics for controls 5.7 Adaptive Controls ’ [ref 50]
Interface Characteristics . . o load performance, and system
adaptations and identifying
failure outside of PEPDS. upgrades
Control algorithms self-adapt to
. . changes in mission requirements,
Determine Operational Needs Select response to suggest to | 5.7 Adaptive Controls load %)erformance, and system
for Safety, Performance, and o [ref 52]
Resilicnce Control Capability 5.5 Integrated Control upgrades .
Integrated electrical, thermal, and
mechanical control
energy storage status Feedback
Condition based maintenance+
Diagnosis, prognosis, and fully integrated into design.
Perform Diagnosis health prediction 5.9 Integrated CBM+ Diagnosis, prognosis, and health [ref 50]
capabilities prediction capabilities - down to the
device level.
Condition based maintenance+
Diagnosis, prognosis, and fully integrated into design.
Perform Prognosis health prediction 5.9 Integrated CBM+ Diagnosis, prognosis, and health [ref 50]
capabilities prediction capabilities - down to the
device level.
power conversion status Feedback
power transport status Feedback
Commands issued by the
Control Capability. Control
Capability uses the Control
protection operation Commands Strategy to generate
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Control Capability

5.5 Integrated Control

upgrades integrated electrical,
thermal, and mechanical control

Name Type Rationale Refines Refined Stakeholder Needs Text | Traced To
protection status Feedback
Commands issued by the
Control Capability. Control
Capability uses the Control
. Strategy to generate
protection strategy Control Strategy commands. The Control
Strategy contains both the
Operation Strategy and the
Protection Strategy.
May require immediate
response Of. the §ystem Integrated electrical, thermal, and
because of imminent danger mechanical control
to personnel or system ’
Select Protection Response inside or Qut51de PEPDS; or | 5.5 Integrgted Control Control algorithms self-adapt to [ref 52]
may require eventual 5.7 Adaptive Controls changes in mission requirements
FESPONSE, O May Tequire no load performance, and system
response. upgrades
Select response to suggest to
Control Capability
Control algorithms self-adapt to
. changes in mission requirements,
Send Select response to suggest to | 5.7 Adaptive Controls Joad performance, and system [ref 52]

thermal management status

Feedback
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act [Activity] W2.3 Distribute Pow er [ W2.3 Distribute Power ] J

Modification date || 1/4/24, 5:43 PM
«comment»
Last modified by ‘ cealde Addiional

'W2.3 Distribute Power Tracing 3 Exchange Items

«allocate» «allocate» «allocate» «allocate»
Control Capability Protection Capability Bectrical Distribution Capability Thermal Management Capability
«allocate» «allocate» «allocate»
Power Trans portation Capability Power Conversion Capal Energy Storage Capability
watirden L XO!
Common «rationale» =3 «rationale»
interface solution | | Tailor power Distributed storage built
to loads into distribution system
L v |

Transport

in Source : Hectrical Power ‘{ out Load : Hectrical Power

«interfaceBlock» []

|
|
|
ower cinterfaceBlocks 5] ] !
O :Bectrical Power || Bectrical Power | «commenty
Commands | Capabilties will create
environmental loads as an
N | unintended side effect of
dnterfaceBoco 50| | ] _ Conielt I | their functions whi
ower | thermal management must
trans portation | address. Since
D Eer ) | | environmental loads are
e \ unintended side effects,
«interfaceBlock»  [9] ® ! | they are only modeled in W2
power | | 4 Manage Thermal Load of
transportation | PEPDS
status : Feedback ! | |
‘ cinterfaceBlocks [ ! |
| : Blectrical Power o G N
«interfaceBlock» [5] | \W | ‘ > |
power | 7
conversion I |
operation : |
Commands I'No Yes |
o |
|

«interfaceBlock» =]
power
conversion
status :
Feedback «interfaceBlock» [x3)
power conversion
status : Feedback

«interfaceBlock»  [g]
:Bectrical Power

I

|

|

|

|

|

|

|

|

|

|

|

|

|

e e =] |

«interfaceBlock» [5] |
energy

storage A

|

|

|

A

operation :
Commands

ainterfaceBlock» 5]
energy
storage
status :
Feedback cinterfaceBlock» 9]

energy storage

status : Feedback

«rationale»
Distributed resources and integrated functionaity. Tailor
power {o loads and have common interface solution

| | l 1 1
1 | 1
«businessRequirement» «businessRequirement» «businessRequirements
Integrated Power and Energy Pow er Distribution System | | Distributed Power Conversion | | Minim al Redundant Elements

«Term»
[ref 50]

«businessRequirerments
Load Interface Design

«comments
Return to Road
Map, MagicGrid, or
Package Diagram

- -

Appendix A2 PEPDS System  Magi
Model Navigation Road Map

Grid Index W2 Functional Analysis

Fig. 25: W2.3 Distribute Power
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Table XII: W2.3 Distribute Power Tracing
Name Type Rationale Refine Refined Stakeholder Need Text Traced To
PEPDS is an integrated power and
. 5.13 Integrated Power and energy power distribution system
Electrical R . .
Power Energy Power Distribution which should have integrated power,
System propulsion, optimization, protection,
filtering, storage, and control
PEPDS is an integrated power and
. 5.13 Integrated Power and energy power distribution system
Electrical o . .
Power Energy Power Distribution which should have integrated power,
System propulsion, optimization, protection,
filtering, storage, and control
PEPDS is an integrated power and
. 5.13 Integrated Power and energy power distribution system
Electrical R . .
Power Energy Power Distribution which should have integrated power,
System propulsion, optimization, protection,
filtering, storage, and control
PEPDS is an integrated power and
. 5.13 Integrated Power and energy power distribution system
Electrical o . .
Power Energy Power Distribution which should have integrated power,
System propulsion, optimization, protection,
filtering, storage, and control
Distributed power conversion
Distributed resources and provides protection, ﬁltermgf and
inteerated functionality. Tailor energy storage. It creates an interface
& Y. 5.14 Distributed Power for every load meaning there will be [ref 52]
Convert power to loads and have common . . .
- . . Conversion no single interface standard for all [ref 50]
interface solution.Tailor power to
loads and that ac or dc, frequency,
loads .
voltage, power, etc. are tailored to
meet individual load requirements
energy storage operation Commands
energy storage status Feedback
energy storage status Feedback
power conversion Commands
operation
power conversion status Feedback
power conversion status Feedback
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Name Type Rationale Refine Refined Stakeholder Need Text Traced To
power transportation Commands
operation
power transportation status | Feedback
power transportation status | Feedback
Distributed power conversion
Distributed resources and provides protection, filtering, and
integrated functionality. Tailor energy storage. It creates an interface
Store power to loads and have common | 5.14 Distributed Power for every load meaning there will be [ref 52]
interface solution. Conversion no single interface standard for all [ref 50]
Distributed storage built into loads and that ac or dc, frequency,
distribution system voltage, power, etc. are tailored to
meet individual load requirements
PEPDS is an integrated power and
energy power distribution system
Distributed resources and which should have integrated power,
. . . . 5.13 Integrated Power and . A .
integrated functionality. Tailor Y propulsion, optimization, protection,
Energy Power Distribution . [ref 52]
Transport power to loads and have common filtering, storage, and control
System [ref 50]

interface solution.
Common interface solution

5.2 Load Interface Design

Common interface solution for all
loads with increased possibilities of
load interface spatial arrangement in
the ship
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Table XIlI: W2.4 Manage Thermal Load of PEPDS Tracing
Name Type Rationale Refines Refined Stakeholder Need Traced
Text To
Regulate PE.P.DS Internal Thermal 3.1 Serial Thermal | Universal thermal interface
Load to Facilitate PEPDS [ref 11]
. . Management should be proposed
Continuing Operations
inputl Commands
thermal management operation Commands
control thermal load Environmental Load
energy storage thermal load Environmental Load
input Environmental Load
output Environmental Load
power conversion thermal load Environmental Load
power transportation thermal load | Environmental Load
protection thermal load Environmental Load
thermal load Environmental Load [ref 14]
. Environmental
input Management Services [ref 14]
input2 Environmental
p Management Services
outputl Feedback
thermal management status Feedback
thermal management status Feedback
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Type Name Rationale Refines Refined Stakeholder Need Text Traced To
5.5 Integrated Control Integrate.d eleptrlcal, thermal, and mechanical control
PEPDS is an integrated power and energy power
. 5.13 Integrated Power and s . h
Control Capability R distribution system which should have integrated
Energy Power Distribution . L . .
power, propulsion, optimization, protection, filtering,
System
storage, and control
Electrical 5.13 Integrated Power and P.EP].)S 'S an lntegrateq power and energy powet
ORI O distribution system which should have integrated
Distribution Energy Power Distribution . L . .
o power, propulsion, optimization, protection, filtering,
Capability System
storage, and control
Distributed power conversion provides protection,
filtering, and energy storage. It creates an interface for
Energy Storage energy storage integrated into the | 5.14 Distributed Power every load meaning there will be no single interface [ref 7]
Capability distribution system Conversion standard for all loads and that ac or dc, frequency,
voltage, power, etc. are tailored to meet individual
load requirements
Distributed power conversion provides protection,
. . filtering, and energy storage. It creates an interface for
. Accomplishes power conversion . . . . .
Power Conversion . 5.14 Distributed Power every load meaning there will be no single interface
. required for source/load/storage . [ref 7]
Capability o Conversion standard for all loads and that ac or dc, frequency,
compatibility . L
voltage, power, etc. are tailored to meet individual
load requirements
Power Common interface solution for all loads with increased
Transportation 5.2 Load Interface Design | possibilities of load interface spatial arrangement in
Capability the ship
. 5.13 Integrated Power and PEPDS is an 1ntegrateq power and energy power
Protection e distribution system which should have integrated
- Energy Power Distribution . L . .
Capability power, propulsion, optimization, protection, filtering,
System
storage, and control
Enables PEPDS innovation of
Thermal serial thermal management to 3.1 Serial Thermal
Management & ) Universal thermal interface should be proposed [ref 11]
1 address the heat generated from Management
Capability :
system operation
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