Approved, DCN# 543-426-23

ELECTRIC SHIP RESEARCH

AND DEVELOPMENT CONSORTIUM

POWER ELECTRONIC POWER DISTRIBUTION
SYSTEM ARCHITECTURES

Technical Report

Submitted to:
The Office of Naval Research

Contract Number: N00014-21-1-2124

Submitted by:
Carmen E. Araujo, David C. Gross, Michael “Mischa” Steurer, Naqash Ali

March 2023

Any opinions, findings, conclusions, or recommendations expressed in this publication are those
of the author(s) and do not necessarily reflect the views of the Office of Naval Research.

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

ELECTRIC SHIP RESEARCH

ESRDC

AND DEVELOPMENT CONSORTIUM

MISSION STATEMENT

The Electric Ship Research and Development Consortium brings together in a single entity the
combined programs and resources of leading electric power research institutions to advance
near- to mid-term electric ship concepts. The consortium is supported through a grant from the
United States Office of Naval Research.

Institute of

I I I BB Massachusetts
Technology

TR -PS NAVAL
POSTGRADUATE
MISSSIPPLSTATE
PURDUE y-\\véq\ UNIVERSITY OF
s 1 SOUTH CAROLINA
BN
UnitedStates THE UNIVERSITY OF
— AT AUSTIN —

Naval Academy

2000 Levy Avenue, Suite 140 | Tallahassee, FL 32310 | www.esrdc.com

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

TABLE OF CONTENTS
I EXCCULIVE SUMMATY....ccitiiiiieiieiiieiie ettt ettt ettt e ae e bt esteebeeseaeebaesaaeesseesaseenseesnseenseannns 1
2 NOMENCIATUTE. .....eiieiieitieitest ettt ettt et sh et ea e sa e et satesbe e beestesbeenbeeseesbeesesanens 2
3 INEFOAUCTION ..ottt ettt ettt et e s ae e et e bt e et e e sateenbeeneee 2
4 PIOCESS -.tieutteeeiiieeeitte et te ettt e ettt e et e e et e e st e ettt e e ht e e bt e e e bt e e e bt e e e bt e e e abee e nbee e abeeebteeebaeeenbeeeennes 2
4.1 CONIITDULOTS. c..ceutieiteeitesteet ettt ettt et b ettt e bt et sate s bt et e e st e sbe e teeatesbeentesaeens 2
4.2  Model Based Systems ENGINECETING.........ccccviieiuiieiiiiieeiieeeiieeeieeeeveeeeee e eeaeesvee e 3
4.3 MagicGrid® FrameWoOrK.........c.cccouieiiiiiiieiieiie ettt e siae e e 4
4.4  PEPDS System Model Navigation Roadmap.........c..ccccervuenieniniiniininienieieeieniceeene 5
5 PTOAUCT ...ttt ettt ettt ettt ettt ebe e e 6
5.1  Black Box Problem DOmain .........ccoeeiuiiiiniiiiiiiinieieniesieeeseeee et 6
511 B1 Stakeholder Needs Table ........cooiiiiiiiiiieeeeeee e 6
5.1.2 B3.1/W3.1 System Context Interfaces and Logical Architecture ........cccccceevveeeneeens 7
513 B2.1 Use Cases Of PEPDS........cooiiiiiiiiiiie ettt sttt st st 7
5.1.4  B2.2 PEPDS States and MOAES ..........eeiiuiiiiiiiiiiiiieeiieesee ettt 7
5.1.5 B2.3 Scenario: Operate PEPDS..... ..o et e e e e e e e e e eees 8
5.1.6 B3.2 System Context INtEITACES . .....iiiiiiiicireeeee et sbrreee e e e 8
5.1.7 B3.3/W3.3 EXChaNge [TEMIS ...ttt ettt e e et eeaaaeeeeeans 8
5.1.8° B4 Measurements of EffeCtivVeness ........ccceeieeiiiiiiinieiieeeeeeeee e 8
5.2 White Box Problem Domain .........cocooiiiiiiiiiiiiiieieeeeee e 8
5.2.1 B3.1/W3.1 System Context Interfaces and Logical Architecture Part 2................... 8
5.2.2 B2.3 Scenario: Operate PEPDS Part 2 ....uuuueiii i 9
5.2.3  W2.1 CONrOl PEPDS....cueiiiiieiieeieete ettt sttt 9
524 W2.2 ProteCt PEPDS. ... . 10
5.2.5  W2.3 Distribute POWET.....couiiiiiieiiie ettt 11
5.2.6  W2.4 Manage Thermal Load Of PEPDS .......ccooiiiiiiiiiiiiee i 11
5.2.7 W3.2 PEPDS Interface Diagram .......ccoucuiieiiiiiieeeiiiieee e s esinee e ssiee e snneee e s 11
5.2.8 B4 Measurements of Effectiveness Part 2..........cccceeeiiiiiiiieiiiieniieeneeceeec e 11
5.2.9 WAL RAM MOES ... 12
5.2.10  WA4.2 Operability MOES .....ccooiiiieiiiiitcccitee ettt e e s aee e e 12
5.2.11  WA.3 Safety IMIOES ...ciiiiiiiiei ettt e e s st e e s atae e e e e 12

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

5.3 System Level Solution DOmain..........cccueeeeiieiiiieeiiieeiee et 12
531 S1 PEPDS ReqUIremMeNtS...cccciiiiiiieieieeeeee e 12
5.4  PEPDS System Model Future Improvements ..............cocceeveeeeieeniencieeniesieeniee e 12
O PUIPOSE .ottt ettt e s e et e ettt e ettt e ettt e ettt e e bt e e ebteeenbeeenbeeea 13
7  Conclusion and Recommendations .............cccueeeiuiieiiiieniieerieeesieeeeeeeee e e saeeesreeesaee e 13
8 ACKNOWIEAZEMENLS ......eiiiiiiiiieiieie ettt ettt et e e e teeeabeenseeenee 13
O RETRICIICES ...eieuvieiiieiieeiee ettt et ettt e st e et esabe e beeesbeesbeessaeenseeeaseenseesnseeseennaeens 13
10 Appendix A: How to Install and Use Cameo Enterprise Architecture Reader.................. 14
10.1 Instructions on Installing Cameo Enterprise Architecture Reader.........c..ccoccevueriennennee. 14
10.2 How to use Cameo Enterprise Architecture Reader.............ccoeceeviieiieniieniieniieiees 14
11 Appendix B: PEPDS System Model CONENtS .........cccuveeriiieeeiieeniieeciee e eeee e svee e 15
I11.1  Navigation ROAd Map ......cccuiiiiiiiiiiiieciiecie ettt e be e ae e e enae e 19
11.2  PEPDS System Model Review CONtents ...........c.cccveerireriienieeiiienieeiiesieeieesveeieesnneens 20
11.2.1 Problem Domain Black BOX REVIEW ......ccccuuiiriiiiniiiiiieeiee e 20
11.2.2 Problem Domain White BOX REVIEW..........ccceevuiriiniiiiiiiiiiicieceee e 30
11.2.3  Solution Domain S1 System Requirements REVIEW.........eeevveeeviiccnrreeeeeeeeeiiinnneneen, 45
11.3  System Model APPEndiX.......ccccuieeeieieiiieeiiiieeiieeeiee ettt e ereeesaeeeraeeeeaeesaeeesseeenenes 88
11.4 MagicGrid® Index Package Diagrams ...........ccccevciieviieniieniieniieiieeieeiee e 104
11.4.1 MagicGrid® Index Package Diagrams for Problem Domain Requirements.......... 104
11.4.2 MagicGrid® Index Package Diagrams for Problem Domain Behavior .................. 105
11.4.3 MagicGrid® Index Package Diagrams for Problem Domain Structure.................. 106
11.4.4 MagicGrid® Index Package Diagrams for Problem Domain Parameters.............. 107
11.4.5 MagicGrid® Index Package Diagrams for Solution Domain Requirements.......... 108
11.4.6 MagicGrid® Index Package Diagrams for System Model AppendiX.........ccuvnee... 109
LiST OF FIGURES
Fig. 1: MagicGrid® Framework [1] .....coceeiiiiiiiiiieieeiee et et 4
Fig. 2: PEPDS System Model MagicGrid® INdeX ..........ccceeeeiiieiiiieeiiieeiee et 5
Fig. 3: Explanation of PEPDS System Model Road Map .........cccoecvieviiiiiienieeiieieeeeeeeee 6
Fig. 4: Navigation ROAd MaP.......cccueiiiiiiiiiicciie ettt vee e e e e e e e e e sevae e 19
Fig. 5: B1 Stakeholder Needs Table .......c.coooiiiiiiiiieiieiieiee et 20
Fig. 6: B1 Stakeholder Needs DIagram ..........c.ccoccueieiiiiiiiieeiiieceeeciee et 21
Fig. 7: B3.1/W3.1 System Context and Logical Architecture (Review Part 1).........ccceoerienne. 22
Fig. 8: B2.1 PEPDS USE CaSES....cuuiiiuiieeiiieiiieeiieeesteeeiteeesiteessseessseeessseeessseesssseeassseesssseessseeenns 23
i

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

9: B2.2 PEPDS States and MoOdes ........ccueiiiiiiiiiieiieeieieeee et 24
10: B2.3 Operate PEPDS Scenario (Review Part 1) .......ccccoeviiiiieiiiiiiicieiceeeceeee s 25
11: B3.2 System Context INterfaces ..........cceeriieeiiiieiiiicieecee et 26
12: B3.3/W3.3 EXChange ItemS ........cccuieiuiiiiieiieeiiecie ettt ettt ens 27
13: B4 PEPDS MOES (ReVIEW Part 1)......cccovieiiiiiiieiieesee e 28
14: B4 PEPDS MokEs traced to B1 Stakeholder Needs ..........cccovieeiieiiieiiieniieiiesieeeeens 29
15: B3.1/W3.1 System Context and Logical Architecture (Review Part 2)...........ccccueeenee. 30
16: B2.3 Operate PEPDS Scenario (Review Part 2) ........ccccoeviiiiieiieiiieiieeieeiieceeeeene 31
17: W2.1 Control PEPDS ..ottt 32
18: W2.1.1 Control Information ...........cocuieiieriieiiieiieeieesie ettt e e eiee e e 33
19: W2.1.2 Control PEPDS Capabilities ........ccceeiiieeiiiiiiiieeiieeeiee et 34
20: W2.2 Protect PEPDS ......ooiieeee ettt sttt et 35
21: W2.2.1 PEPDS FMECA ...ttt sttt 36
22: W2.3 DiStrIDULE POWET .....eiiviiiiiiiiieeit ettt ettt esnneens 37
23: W2.4 Manage Thermal Load of PEPDS ..o 38
24: W3.2 PEPDS Interface DIiagram ..........cccceecuieiiieiiieiieiieeiiecie ettt ens 39
25: B4 PEPDS MOESs (ReVIEW Part 2)......cc.cociiiiieiiiieiieieeeeee e e 40
26: W4 Measurements Of PErformance ...........ccoovieriierieniienieiieeiesee e 41
27: WAL RAM MOES......oiiiiiiieeee ettt sttt s 42
28: W4A.2 Operability MOES......cc.coiiiiiiiiiieiiecie ettt st e saaeens 43
20: W43 Safety MOES.....ccciiiieiiecte ettt e e et e e st e e etae e ssaae e snneeeennes 44
30: ST PEPDS REQUITEMENTS. .....eeiuiieiieriieeiieiieeitesiieeieesiteeteesteeeteenaeesnteeseesnseenseesnseenseennns 45
31: S1.1 PEPDS Requirements Part 1.1 .......cccooiiiiiieiiieieee et 46
32: S1.1 PEPDS Requirements Part 1.2 ........cccooouiiiiiiiiiiiiieiieieeeeee e 47
33: S1.1 PEPDS Requirements Part 2.1 .......ccccooiviiiiiiiieciieee e 48
34: S1.1 PEPDS Requirements Part 2.2 .........cccooouiiiiiiiiieiieeiieie et 49
34: S1.1 PEPDS Requirements Part 2.3 ........cccoiiiiiiiiiieceecee et 50
35: S1.1 PEPDS Requirements Part 3.1 ........cccoooiiiiiiiiiiieiieeiiee e 51
35: S1.1 PEPDS Requirements Part 3.2 .......cccoiiiiiieiiiieciecie e 52
34: S1.2.1 Control Capability Requirement Part 1............ccoocieviiiiiiniiiiiieieeeeeeeee 53
35: S1.2.1 Control Capability Requirement Part 2...........c.cooovvieiiieeiiieiiee e 54
35: S1.2.1 Control Capability Requirement Part 3............cccccieiiieiiiniiiiieieeeeeeeee 55
36: S1.2.2. Protection Capability ReqUIrements............cccevveeriieerieeeiiieeiiee e 56
37: S1.2.3 Electrical Distribution Capability Requirements ............ccccceeeveerienieenienireenenne. 57
38: S1.2.4 Thermal Management Capability Requirements.............cccceeevveeerieeniieencreeennnnn. 58
39: S1-B1 PEPDS Requirements and Stakeholder Needs Traceability Matrix..................... 59
40: S1-B2-W2 PEPDS Requirements and PEPDS Behavior Traceability Matrix................ 60
41: S1-B3-W3 PEPDS Requirements and PEPDS Structure Traceability Matrix................. 61
42: S1.1.3-B4-W4 PEPDS Requirements and PEPDS Parameters Traceability Matrix....... 62
43: S1.1.1.1 PEPDS States and MoOdes..........ccccuiriieriieniienieeiieeie ettt 63
44: S1.1.1.2 PEPDS OPETations .........cccvieeiuiieeiieeeiieenieeesieeesereeesiseessaseessseessaeessssessssesensnes 64
45: S1.1.1.3 PEPDS Components and StrucCture ............cceecveerieeieeniienieeniesieeiee e esiee e 65
46: S1.1.2.1 Innovative PEPDS States, Modes, and Transitions.............coeevuvvveeeeeeeviiivnnnnneen. 66
47: S1.1.2.2 Innovative PEPDS OPerations ............ccceeruieriieniieniieiieseeesiee e eieesveeieesieeens 67
48: S1.1.2.3 PEPDS Innovative Components, Structure, and Interfaces ............c.ccceeevenneee. 68
49: ST.1.3.1.1 Avallability ..c..oouiiiiiiiiiieieceee e 69
il

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

50: ST1.1.3.1.2 Maintainability .......c.cccoviieiiiieeiiiecie ettt etve e eeae e e e e s e e eeree s 70
51: S1.1.3. 1.3 Reliability Part L........cccoooiiiiiiiiiieiieie ettt 71
52: S1.1.3.1.3 Reliability Part 2........cc.oeiiiiiiieieeieeee e e 72
53: S1.1.3.2.1 Power Distribution Part 1..........cccccoeviiiiiiiiiiiieieeeee e 73
54: S1.1.3.2.1 Power Distribution Part 2...........ccccooiiiiiiiiiiieeeeeee e 74
55: S1.1.3.2.2 Adaptability ......ccueeiiieiieiieiiee ettt 75
56: S1.1.3.2.3 Lo@IStICS Part 1....cccuviiiiiieiieceeee et et 76
57: S1.1.3.2.3 LOGIStICS Part 2. ..coiiiiiieiiieiiee ettt st 77
58: S1.1.3.2.4 AffOrdability......ccceeiieiiieiiiieieee e 78
59: S1.1.3.2.5 Quality of Service Part 1........cccoveiiiiiiiiieiieiteeeeee e 79
60: S1.1.3.2.5 Quality of Service Part 2 ........cccoeviiieeiiieciieee e 80
61: S1.1.3.3.1 Personnel Safety.........cccevuiiiiiiiiiiiiieiieceeeet e 81
62: ST1.1.3.3.2 SYStEM SATCLY ...uviiiiiiieiie ettt e e e e et e e eaaeeebeeesnnee s 82
63: S1.2.1 Control Capability Requirements Part 1 ...........cccccooviieiiinieniiienieeieeieeieeee 83
63: S1.2.1 Control Capability Requirements Part 2 ............ccccoeeeiiieniiieeniiecieeeeeeee e 84
64: S1.2.2 Protection Capability Requirements............c.occveeciienieeieenieniieie e 85
65: S1.2.3 Electrical Distribution Capability Requirements ...........ccccceeevveeecieeecieencieennnen. 86
66: S1.2.4 Thermal Management Capability Requirements.............ccccceeeveerieeiienienieennenne. 87
67: 9 System Model APPENAIX ...cccuuiiiiiieeiiieeiieeeieeecee et e e e e e saeeeeaeeeseeessaeesnaeeas 88
68: Bibliography Part 1 0f 2 .....c.cooiiiiiiiieiee et 89
69: Bibliography Part 2 0F 2 ......oooiiiiiieeeeee et 90
70: System Model ACTONYIMS ......cceieiieriieiieiieeiteste ettt stteete et e ereesteeebeeseeenaeenseeenns 91
71: System MoOdel GlOSSAIY.......cceciiiiiiieeiiieeiie et see et e e e e eesaeeeeaeeesaeesseeesnseees 92
72: PEPDS 5 Year PIan .....couoiiiiiiiiiiiet e 92
73: Events and MIlEStONES ......ccc.eeiuiiiiieiieiiieiee ettt sttt st e 93
T4 TASK PIAN ..ot e 94
75: PEPDS Architecture Team Diagram ..........cccccveeeiireriiiieiiie e svee e 95
76: PEPDS Architecture Team Table.........ccooiieiiiiiiiiieiieeiieieeieeee e 96
T7: EXEEINAL FIIES ..ttt st et 97
78: Typical Power Distribution COMPONENLS .........cceeervieriieeiieiieeieeniieeieeniee e eiee e eiee e 97
79: PEPDS INNOVALIONS .....eeuiiiiiiiiiiieieeie ettt ettt sttt sttt e st e b e 98
80: S3.x Cuzner Gray BoX Class .........ccoieriiiiiieniiieiieeie ettt ettt s 98
81: Model Navigation ROAd MapP ........ceoviiiiiiiiiiiecieecee et eaee e s 99
82: MBSE In PEPDS ...ttt sttt 100
83: Archived Task Plan .........cocoiiiiiiii e 101
84: Archived Model Changelog ..........oocuieiiiiiiiiiiiiieece ettt 102
85: Archived Feedback LOg ......cccuiiiiiiiiiiiiiie ettt 102
86: Archived W2.2.1 PEPDS Failure EXamples ...........ccccveviiiiiiiiiniieiieeiceeee e 103
87: B1 Stakeholder Needs Package Diagram...........cccoeecuiieiiiieeiiieniieeieeeeeeeee e 104
88: B2 Use Cases Package Diagram............ccccueeviiiiiieiiieniieiieeie ettt ens 105
89: W2 Functional Analysis Package Diagram............ccccceevvivieniiiieniieeiiie e 105
90: B3 System Context and Logical Architecture Subsystems...........cccoecveeviverieenieennennen. 106
91: B4 Measurements of Effectiveness Package Diagram...........ccccoccvveevvieeciieecieenieeeee, 107
92: W4 Measurements of Performance Package Diagram...........cccccoeeieriiieniieniienienieenen. 107
93: S1 PEPDS Requirements Package Diagram ...........ccccceevvieeriieeiiieecieeeieeeeee e 108
94: System Model Appendix Package Diagram.........cccceeeieriieiiieniieniienie e 109
v

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

LIST OF TABLES

Table I: PEPDS Architecture Team MemDbBeETS......c.oooiiiiiiiiiiiiii

A\

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

1 EXECUTIVE SUMMARY

This report discusses the process, product, and purpose of the PEPDS System Model Version 1.0
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. This report is intended to accompany the PEPDS System Model
Version 1.0 with the purpose of assisting the reader with navigating and understanding the

model.

1
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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 1.0
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. This report is intended to accompany the PEPDS System Model
Version 1.0 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 1.0.

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
Systems Modeling Language (SysML) to develop the PEPDS System Model with the Cameo

2
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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

Organization | Lead Researcher | Main Research Topic Supporting Team Members
Florida State Michael "Mischa" Architectures, Carmen E. Araujo (Lead MBSE & Team
University Steurer Abilities, Point of Contact), David C. Gross (MBSE),

(Lead Architect)

System Integration

Nagash Ali, Jodie Bell, Karl Schoder,
Matthew Bosworth, Sihun Song

Florida State

Juan Ordonez

Thermal Management

University

Massachusetts | Julie Chalfant NiPEC, Matt Kruse, Drake Platenberg, Avi
Institute of Naval Architecture Chatterjee

Technology

University of
South

Herbert L. Ginn

Controls

Aaron De La O Perez

Carolina
University of | David A. Wetz Energy Storage Shawn 'Tyler' Scoggin, Hayden Atchison,
Texas at Alex Johnston
Arlington
University of | Robert M. Cuzner Virtual Prototyping Jacob David Gudex, Joey Authement,
Wisconsin- William Joseph Koebel, Jose Antonio
Milwaukee Trujillo Parra, Hamed Shabani, Rounak
Siddaiah

Virginia Tech | Dong Dong NiPEBB Daniel Sathri, Marie Lawson
NSWCPD Aaron Scherr
NSWCPD Nathan Spivey
NSWCPD Robert "Bob" Irwin | Stability Design &

(PD Assessment
NSWCPD Shawn Plesnick Stability Design &

(A Assessment
Previous n/a Igor Cvetkovic (VT), Rolando Burgos (VT),
Team Richard Zhang (VT), Dushan Boroyevich
Members (VT), Christina DiMarino (VT), Salman

Hussain (FSU), Ceca Mijatovic (FSU),
James Narey (UTA)

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
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 19 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

3
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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].

PILLAR
Requirements Behavior Structure Parameters
Black B1-W1 B2 Use B3 System Context @ B4
Box Stakeholder Cases Measurements of
Needs Effectiveness
Problem 8 -
. W2 Functional W3 Logical W4 MoEs for Specialty
White - : .
Box Analysis Subsystems Subsystems Engineering
Communication
S1 System S2 System S3 System S4 System
DOMAIN Requirements Behavior Structure Parameters Integrated
Testin
SS1 Subsystem SS2 Subsystem SS3 Subsystem SS4 Subsystem €
Solution Requirements Behavior Structure Parameters
Analysis
C1 Component C2 Component C3 Component C4 Component
Requirements Behavior Structure Parameters
11 Physical Software, Electrical, Mechanical

Impl tati A
mpiementation Requirements

Fig. 1: MagicGrid® Framework [1]

The PEPDS System Model Version 1.0 contains content for the entire Problem Domain and S1
System Requirements. Two modifications to the MagicGrid® Framework occur in the PEPDS
System Model Version 1.0. The first is that some structure diagrams in B3 and W3 are combined
into one diagram for convenience. These are the B3.1/W3.1 System Context and Logical
Architecture diagram and the B3.3/W3.3 Exchange Items diagram. The second modification is in
the W4 MoEs for Subsystems section. Here, the PEPDS System Model Version 1.0 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.

4
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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.

PEPDS Architecture Project . & __ _ |
| Model Navigation Road Map H%‘ggﬁl;g% e 9 System Model Appendix )

STRUCTURE

B3 System Context

B4 Measurements of
Effectiveness

B1-W1 Stakeholder Needs B2 Use Cases

PROBLEM
(BLACK BOX) B2 Use Cases B3/W3 System Context and Logical B4 Measurements of Effectiveness
Subsystems
B1 Stakeholder Needs W2 Functional Analysis W3 Logical Subsystem W4 Measurements of
Communication Effectiveness
PROBLEM
(WH ITE Box) W2 Functional Analysis B3/W3 System Context and Logical W4 Measurements of Performance

Subsystems

S1 System Requirements S2 System Behavior $3 System Structure S4 System Parameters
(Measures of Performance)

$1 PEPDS Requlrements
S$S1 Subsystem $S2 Subsystem Behavior S$S3 Subsystem Structure S$S4 Subsystem Parameters

Requirements

SOLUTION

C1 Component C2 Component Behavior C3 Component Structure C4 Component Parameters
Requirements

11 Physical Requirements Software, Electrical, Mechanical

IMPLEMENTATION

Florida State University — Center for Advanced Power Systems
2000 Levy Ave. Tallahassee, FL 32310

Fig. 2: PEPDS System Model MagicGrid® Index

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.
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Solution Domain

o

51 System " Design Solutions

Requirements

Fig. 3: Explanation of PEPDS System Model Road Map

5 PRrRobDuCT

This section will walk the reader through the PEPDS System Model Version 1.0. The PEPDS
System Model Version 1.0 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.

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.

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.
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5.1.2 B3.1/W3.1 System Context Interfaces and Logical Architecture

The top section of the B3.1/W3.1 System Context and Logical Architecture 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. The bottom
section of the B3.1/W3.1 System Context and Logical Architecture diagram is part of the White
Box Problem Domain and is reviewed in section 5.2.1.

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 1.0 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 Nominally, Operating Off-Nominally, and 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,
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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 . The diagram also shows some of the possible onboard power loads, onboard power
sources, and offboard power systems that PEPDS may interact with.

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.

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.

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 B3.1/W3.1 System Context Interfaces and Logical Architecture Part 2

Returning to the B3.1/W3.1 System Context and Logical Architecture diagram discussed in
section 5.1.2, review the second half of the diagram containing the PEPDS Logical Architecture.
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PEPDS subsystems are defined 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 LRUs or Non-
LRUs. 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
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
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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 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 paths 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 path is dependent on a different
one, they will occur in the order needed. Just because one path is chosen does not mean a
different one will never occur. They will just proceed in the order necessary for the task at hand.

The Capability Control Path determines a course of action based on the analysis of power load
demands, power source supply, and capability needs. After determining a course of action, the
Control Strategy is updated. 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. 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. All paths
end with 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.

5.2.3.2 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
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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.

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
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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 MokEs

The W4.1 RAM MokEs 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.

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 were 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 11.2.3.4, shows all of the S1 system requirements along with their tracing,
source, verification method, risk level, and revision date.

The PEPDS System Model Version 1.0 ends at the S1 System Requirements.
5.4 PEPDS System Model Future Improvements

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].

Some aspects lacking in Version 1.0 that will be addressed in Version 2.0 are dynamic behavior,
the ability to integrate with focus area models, and the modeling and analysis of the design trade
space.
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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 enables initial exploration of the solution
space. The system model will transition 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 19. 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 20. 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 20. 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 30. 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 S1 System Requirements Review begins on page 45.
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 45 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 46. 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 Traceability Matrices begins on page
59. These matrices show the tracing between S1 and the Problem Domain.

= Section 11.2.3.4 S1 System Requirements Table begins on page 63. This table
provides all of the S1 system requirements along with their tracing, source,
verification method, risk level, and revision date.

Section 11.3 System Model Appendix begins on page 88. 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 104. 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

# | o | Source ‘ 2 Name Text

1 1 Tawvy B [E 1 Power Delivery Transfers power from power source to power load

2 1.1 Navy 1.1 Power Effidency Limit power loss during transmission and conversion

3 113 Navy = Fuel Efficency Reduce amount of fuel consumption

4 1.2 Navy [E 1.2 Power Density High power rating relative to volume

5 1.3 Navy & Reliability Long online time when measured by MTBF

6 1.4 Navy [& 1.4 Robustness Compatible with various operating conditions and set points

7 1.5 Navy [E 1.5 Resiiency Tolerant to critical scenarios such as faults and failure of device(s)

8 1.6 Navy [E 1.6 UPs If demand is greater than supply (delta power), then provide provisional power for x time
9 2 Navy E [@ 2 Operability System operation accomplished with reduced manning and logistics effort

10 2.1 Navy ] Maintainability Maintenance with reduced down time

11 2.2 Navy [E 2.2 Operator Trainability Low training requirements in regards to time and technical skills

12 |23 Operator =] afety Safe handing conditions

13 2.3.1 Operator [& 2.3.1 Thermally Touchable External environment at reasonable handling temperatures

14 2.3.2 Operator [E 2.3.2 Liftable Weight and volume at a reasonable range for handling

15 2.3.3 Operator [=l 3 Electrically Insulated Insulation to limit current through operator

16 2.4 Navy [E 2.4 Long Life Expectancy Long operable lifespan

17 3 Navy B [E 3 Scalability Greater power requirement met through serial andfor parallel connections

18 3.1 Navy erial Thermal Management Universal thermal interface should be proposed

19 3.2 Navy Parallel Redundancy Parallel operation to provide continuous power to mission critical loads

20 3.3 Navy 3 Controllable Coordination should allow for extension/addition of devices

21 3.3.1 Navy 3.3.1 Software Reliability Continuous high performance operation even in disruptive processes

22 3.3.2 Navy 2 Cyber Security Resistant to malicious attacks against software and offers security observation
23 3.3.3 Navy 3 Dynamic response Can ramp up power in & short time; can provide x time over power in a short time slot
24 3.4 Navy 4 Standardizable Fits in many dasses of ship

25 3.5 Navy Affordability Reduce implementation and operation cost for life cyde

%5 3.6 Navy Hotswappable Hotswappable "Plug-and-Play™ applications

27 4 CAPS Power Systems  |E [E 4 Model Objectives PEPDS Model key objectives

8 4.1 CAPS Power Systems Program Communication To become a vehicle to communicate PEPDS work progress and accomplishments

This model is formal representation of PEPDS system in order to make dlear:
(1) Its structure, interfaces, and internal and external relationships

29 4.2 CAPS Power System [E 4.2 Single Source of Truth (2) The behaviors exhibited by the entity and its elements, 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

30 4.3 CAPS Power System [ 4.3 Program Guideline To guide and support solutioning of PEPDS modular architecture
5 PEPDS innovations are dependent on using power electronics in an innovative way and utilizing
5
31 |5 Navy B [d 5 PEPDS Innovations advancements in technology and control capabiliies
. Reduce installation time and cost by having construction and testing executable off ship and
e
32 51 Navy [E 5.1 Ease of Installation as a Unit avaiding intensive cabling after ship construction
= ) Common interface salution for all loads with increased possibilities of load interface spatial
33 5.2 Navy [ 5.2 Load Interface Design arrangement in the ship
. All source and load interfaces are power electronics based and as such provide the required
5.7 Paw
4 |53 Navy [& 5.3 Power Electronic Interfaces adaptability, reconfigurability, and fault current mitation
s . Ability to self learn by tracking performance and CBM+ data and analyzing control and
35 5.4 Navy [E 5.4 Self Learning protection activities
ES 5.5 Navy [E 5.5 Integrated Control Integrated electrical, thermal, and mechanical contral
37 5.6 Navy & Functional Control Control component and network functions through programming and reconfiguration
B r Navy = ! Adsptive Controls Control algorithms self-adapt to changes in mission requirements, load performance, and system
upgrades
Have self diagnosis or automated self-check after controls upgrades which would be an
39 5.8 Navy ] Automated Self-check advanced concept of CHIL with regression tests embedded in PEPDS (integrated “digital twin”) —
induding cybersecurity aspects
Condition based maintenance + fully integrated into design. Diagnosis, prognosis, and health
5.9
- 5.9 Navy & 5.9 Integrated CBM+ prediction capabilities - down to the device level.
41 5.10 Navy o) Comprehensive Application of the LRU Approach to the Entire System Design | Maximize the dependence on LRUs while minimizing the different types of LRUs
y Utilize LRUs that are a size and weight carriable by a single sailor, that can fit through hatches,
2 A Navy & 511 simplified LRU Replacement that requires minimal training for installation and remaval, and has plug & play capabilities
Provide power quality to loads using fewer components by using distributed resources and
43 5.12 Navy [& 5.12 Minimal Redundant Elements 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
5.13 W "
hd 5.13 Navy [ 5.1 Integrated Power and Energy Power Distribution System integrated power, propulsion, optimization, protection, filtering, storage, and control
Distributed power conversion provides protection, filtering, and energy storage. It creates an
45 5.14 Navy [& 5.14 Distributed Power Conversion interface for every load meaning there will be no single interface standard for all loads and that

ac or de, frequency, voltage, power, etc. are talored to meet individual load requirements

Integrate functionality of switchgear within the power electronics framework in order to reduce
5 Reduce Conventional Switchgear or eliminate use of conventional external switchgear and provide current limiting function -
thereby reducing risk from high fault currents and hence improving reliability

Fig. 5: B1 Stakeholder Needs Table

5

46 5.15 Navy
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Fig. 8: B2.1 PEPDS Use Cases
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Fig. 9: B2.2 PEPDS States and Modes
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Fig. 10: B2.3 Operate PEPDS Scenario (Review Part 1)
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Fig. 11: B3.2 System Context Interfaces
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Fig. 12: B3.3/W3.3 Exchange Items
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Fig. 13: B4 PEPDS MoEs (Review Part 1)
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Fig. 15: B3.1/W3.1 System Context and Logical Architecture (Review Part 2)
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Fig. 16: B2.3 Operate PEPDS Scenario (Review Part 2)
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Fig. 17: W2.1 Control PEPDS
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‘act [Activiy] W2.1.1 Control nformation [ W2.1.1 Control nformation ] J
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Fig. 18: W2.1.1 Control Information
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in Instructions :
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Fig. 19: W2.1.2 Control PEPDS Capabi
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act [Activity] W2.2 Protect PEPDS [ W2.2 Protect PEPDS | J
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Fig. 20: W2.2 Protect PEPDS
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Fig. 21: W2.2.1 PEPDS FMECA
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Fig. 22: W2.3 Distribute Power
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in input : Envir
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Fig. 23: W2.4 Manage Thermal Load of PEPDS
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Fig. 24: W3.2 PEPDS Interface Diagram
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Fig. 25: B4 PEPDS MoEs (Review Part 2)

40

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.




Approved, DCN# 543-426-23

# | Qwner

| Mame

MoPs

1 |E Operability MoEs

2 & operabiity MoEs

3 |2 operability MoEs

4 |[E operability MoEs

5 |E operability MoEs

El RAM McEs

@

7 |[E rRAM MoEs

8 = RAM MoEs

3 |E safety MoEs

10 |E safety MoEs

= adaptability MaPs

=] affordability MoPs

E Logistics MoPs

=] pawer Distributian MoPs

= quality of Service MaPs

= availability MoPs

=] Maintainability MoPs

E reliabilicy MoPs

= Personnel Safety MoPs

=] system Safety MoPs

=] Application Adaptability

|2 scalability

E robustress

| & survivability

=] applicable Ship Classes
E rRemoval Cost

| = Installation Cost

Q Operation Cost

| 2] 1mplementation Cost
| & LMs Manning

=] LM Trairing

| Q Operation Manning

E cost for Suppart
=] operator Training

=] Effectiveness of Support Capability

=] Removal Time

| & installation Time
| & spedific Energy

Q Power Density

Q Response Time
= Power Electronic Utilization

| & Transmission Efficiency

=] Recharge C Rate
E conversion Efficiency
=] pischarge C Rate

=] Mean Time to Resolve Service Interruption of Un-Interruptible Load
= Mean Time to Resolve Service Interruption of Short Term Interrupt Load

= survival Service Time for Un-Interruptible Load

Q Survival Service Time for Short Term Interrupt Load

Q Mean Time to Resolve Service Interruption
E survival Service Time

[ Mean Time to Resolve Service Interruption of Long Term Interrupt Load
£ survival Service Time for Long Term Interrupt Load
| & 1nherent Availability

E operational Availability

| & Achieved Availability
| & Mean Operating Hours between False Alarm

& Percent BIT Fault Detection

| & Percent BIT Fault Isolation

Q Mean Down Time

| Maintenance Burden
Q Mean Time Between Repairs

Q Mean Time Between Maintenance

| & Rresiliency

E qQuality of Service MoPs

| =] Power Delivery Reliahility

£ Life Expectancy

Q Mean Time Between Failure
| =] LRU & Transportability

£ LRU s Liftability

| & Electrical safety

E Thermal safety
=] Tolerance to Environmental Loads

;Q Mean Time to Contain Cybersecurity Intrusion

=] Mean Time to Resolve Cybersecurity Intrusion

Q Mean Time to Detect Cybersecurity Intrusion

Fig. 26: W4 Measurements of Performance
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Fig. 28: W4.2 Operability MoEs
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bdd [Package] W4 Measurements of Performance [ W4.3 Safety MoEs ])
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Fig. 29: W4.3 Safety MoEs
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11.2.3 Solution Domain S1 System Requirements Review

11.2.3.1 S1 System Requirements

pkg [Package] ST PEPDS Requirements [ S1 PEPDS Requirements ] J
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11.2.3.2

S1 System Requirements Diagrams

req [Package] 51.1 PEPDS Reguirements [ S1.1 PEPDS Requirements ])

[Modiication date || 2124123 240 P |

|Last modified by ” cealde |

PEPDS States, Modes, and Transitions

§1.1.1 PEPDS Generic Power System Requirements

atraces

§1.1.1.1 PEPDS States and Modes | _ _ [ ©"2=°7

1

wtraces

$1.1.2 PEPDS Innovative Requirements

$1.1.2.1 Innovative PEPDS States, Modes, and Transitions

«functionalReguirements

1d="51.1.1.1.3"

"ref 45]"

Text = "PEPDS shall have
an Off state in which it is
electrically inert and
non-functional.”

wverifyl ethod = Analysis

B2.2 PEPDS States and Modes

wbusinessReguirements
Ease of Installation as a Unit

«functionalRegquirements

ld="81.11.14"

of 45]"

Text ="PEPDS shall
transition to the Off state
from any other state upon
command or complete
failure via controlled,
graceful, and failsafe
shutdown.”

werifyM ethod = Analysis

Id="5.1"
source = "Navy"

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

wbusinessReguirements
Robustness

ld="14"

source = "Mavy"

Text = "Compatible with
various operating
conditions and set points”

«functionalRequirements

atra

Id="81.1.1.1.1"

source = "[ref 45]"

Text = "PEPDS shall have
an Operating state in which
it is electrically active and
functions are available.”
verifyh ethod = Analysis

«businessReguirements
Integrated Control

Id ="5.5"
source = "Navy"

Text = "Integrated electrical, & — — —

thermal, and mechanical
control”

«functionalReguirements

ld="81.1.1.1.2"

source = "[ref 36]"

Text = "PEPDS shall fulfill
mission requirements to the
maximum extent possible in
all modes of the Operating
state.”

verifyMethod = Analysis

«businessReguirements

Resiliency b

Id="1.5"

source = "Navy"

Text = "Tolerant to critical
scenarios such as faults
and failure of device(s)"

«businessRegquirements
Automated Self-check

Id ="5.8"

source = "Navy"

Text = "Have self diagnosis
or automated self-check
after controls upgrades
which would be an
advanced concept of CHIL
with regression tests
embedded in PEFDS
(integrated “digital twin™) —
including cy bersecurity
aspects”

46

atraces

oo pie

cex

wiraces|

«functienalRequirements

Id="81.1.2 111"

source = "[ref 45] [ref 7] [ref
501"

Text = "PEPDS shall have a
Performing SHIPALT state
_____ for the purpose of
installation or removal of
PEPDS."

verifyMethod = Analysis

«functienalRequirements

Id="51.1.2.1.12"
—————— source = "[ref 7]"

Text = "PEPDS shall
transition to Performing
SHIPALT state to Initiate
Install | Remove of PEPDS
only if in a Shipyard ™
verifyMethod = Analysis

«functionalRequirements

—————— Id="811211"

source = "[ref 71"

Text = "The PEPDS
Opersting state shall
function in one of the
following states: 1)
Operating Nominally state,
2) Operating Off-Mominally
state, or 3) Maintaining
state.”

verifyMethod = Analysis

«functionalRequirements
aces

Id="811212"

source = "[ref 45] [ref 50] [ref
52] [ref 54] [ref 58]"

Text = "PEPDS in all states
of its Operating state shall
utilize power sources fo
semvice power loads in
accordance with its Control
Strategy, Ship Control
Commands, and Crew
Commands.”

werifyM ethod = Analysis

xfunctionalRequirements

Id="51.1.2.1.5"

source = "[ref 7]"

Text = "PEPDS shall
transition from Operating
Mominally state to
Operating Off-Nominally
state when PEPDS has
detected a Failure."
werifyM ethod = Analysis

Fig. 31: S1.1 PEPDS Requirements Part 1.1
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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"

«businessRequirements
Adaptive Controls

Id="567"

source = "Navy”

Text = "Control algorithms
self-adapt te changes in
mission requirements, load
performance, and system
upgrades”

atracen

«businessReguirements

d="2.1"

source = "Navy”

Text = "Maintenance with
reduced down time"

«businessReguirements
Functional Control

I
L

d ="5.6"

source = "Navy"

Text = "Control component
and network functions
through programming and
reconfiguration”

«businessRegquirements
Simplified LRU Replacement

Id="6.11"

source = "MNavy"

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

T

«businessRequirements
Integrated CBM+

Id="5.9"

source = "Navy”

Text = "Condition based
maintenance-+ fully
integrated into design.
Diagnosis, prognosis, and
health prediction
capabilities - down to the
device level ™

T
|
|
|
|
|
|
|
|
|

straces

atraces

«

«functionalReguirements

ld="51.1.21.5"

source = "[ref 7"

Text = "PEPDS shall
transition from Operating
MNominally state to
Operating OffF-Nominally
state when PEPDS has
detected a Failure.”

v erifyM ethod = Analysis

«functionalRequirementa

d="81.1.213"

source = "[ref 50]"

Text ="PEPDS in its
Operating Off-Nominally
state shall attempt to
autonomously resolve
failures by rerouting,
reconfiguring, and
reprogramming.”
verifyMethod = Analysis

«functionalRequirements

Id="51.1.2.1.6"

source = "[ref 50] [ref 58]
Text ="PEPDS shall
transition from Operating
Ofi-Nominally state to
Operating Nominally state
upon autonomous recovery
of all detected Failures.”
verifyMethod = Analysis

traces |

«functionalReguirements

utraces|

ld="51.1.2.1.4"

source = "[ref 7] [ref 50]"
Text ="PEPDS in its
Maintaining state shall
enable Crew
reprogramming,
reconfiguring, and
replacement of LRUs."
verifyMethod = Analysis

«functionalReguirements

stracey- — — —
[
= |

tragen

d="81.1.218"

source = "[ref 7]"

Text = "PEPDS shall
transition from the
Maintaining state to the
Operating Mominally state
when Maintenance
Completed.”
verifyMethod = Analysis

«functionalReguirements

d="511217

source = "[ref 50] [ref 58]"
Text ="PEPDS shall
transition from Operating
Nominally state to
Maintaining state when
there is an Evidence of
Need for Maintenance.”
verifyMethod = Analysis

«functionalReguirements

Id="81.1.21.10"
source = "[ref 71"

Text ="PEPDS shall
transition from Operating
Ofi-Nominally state to
Maintaining state when
there is an Evidence of
Need for Repair”
verfyMethod = Analysis

«functionalReguirements

Id="51.1.2.1.9"

source = "[ref 50"

Text ="PEPDS shall
transition from Maintaining
state to Operating
Ofi-Nominally state after
getting Repaired. "
verifyMethod = Analysis

Fig. 32: S1.1 PEPDS Requirements Part 1.2
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PEPDS Operations

$1.1.1 PEPDS Generic Power System Requirements

51.1.1.2 PEPDS Operations

«functienalReguirements

d="S1.1.1.21"

source = "[ref 54]"

Text ="PEPDS shall startup
on Commands (e.g.
blackstart, coldstart)."
verifyM ethod = Analysis

«functionalRequirements

ld="51.1.1.22"

source = "[ref 43]"

Text ="PEPDS shall meet
general human engineering
design criteria specified by
MIL-STD-1472H including
tagout of components for
maintenance or repair,
physical access, liftability.”
verifyMethod = Analysis

«functionalRegquirements

d="51.1.1.2.3"

source = "[ref 40]"

Text ="PEPDS shall
transfer Environmental
Load to Ship Body."
verifyMethod = Analysis

«functionalReguirements

d="S1.1.1.24"

source = "[ref 40]"

Text ="PEPDS shall
accommodate
Environmental Load
naturally transferred from
the Electric Ship.”
verifyMethod = Analysis

«functionalReguirements

d="S1.1.1.25"

source = "[ref 54]"

Text = "PEPDS shall
execute Crew Commands
according to priorities
established by

1) the Crew

2) Ship Control , or

3) autonomous operations
in descending order of
priority."

verifyMethod = Analysis
7 (deriveReqt:

«functionalRkquirements

1
ld="51.1.1.2¢"
source = "[ref 54]"
Text = "PEPD! eRegls

execute Crew Commands
overriding Shig Control
Commands and PEPDS
autonomous operations.”
verifyMethod 5 Analysis

«functionalRequirements

ld="51.1.1.27"

source = "[ref 40]"

Text ="PEPDS shall
execute Ship Control
Commands overriding
PEPDS autonomous
operations.”

verifyM ethod = Analysis

«functionalRequirements

ld="51.1.1.28"

source = "[ref 54]"

Text ="PEPDS shall send
Feedback (g.g. operational
status, health status, failure
diagnosis, failure prognosis,
control strategy,

utraces

B2.3 Operate PEPDS Scenario

atraces

«businessRequirements
Integrated Power and
Energy Power Distribution
System

Id="5.13"

source = "Navy"
Text="PEPDS is an
integrated power and
energy power distribution
system which should have
integrated power,
propulsion, optimization,
protection, filtering, storage,
and control”

«businessRequirements

d="21"

Text = "Maintenance with
reduced down time"

«businessRequirements
Reliability

Id="13"

source = "Navy"

Text = "Long online time
when measured by MTBF"

«businessRequirements
Ease of Installation as a Unit

Id="5.1"

source = "Navy"

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

«businessRequirements
Serial Thermal Management

| S

ld="3.1"

source = "Navy"

Text = "Universal thermal
interface should be
proposed”

«businessRequirements
Distributed Power
Conversion

ld="5.14"

source = "Navy"

Text = "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 de,
frequency, voltags, power,
etc. are tailored to meet
individual load requirements”

51.1.2 PEPDS Innovative Requirements

atraces

| Hri;c_» B

«trace:

|
|
|
|
|
|
|
|D(I'B
|
|
|
|
|
|
|

utraces

51.1.2.2 Innovative PEPDS Operations

«functionalRequirements

ld="811221"
source = "[ref 50] [ref 52] [ref
sgy°

Text = "PEPDS shall
execute control, carry out
protection, distribute power,
and manage thermals
functions simultaneously ™
wverifyMethod = Analysis

«functionalReguirements

d="81.1.222"
source = "[ref 7] [ref 45] [ref

Text = "Shutdown of PEPDS
should only be necessary

— |while docked for extensive

maintenance or SHIPALT."
verifyMethed = Analysis

«functionalReguirement»

ld="51.1.227"

source ="Tref 401"

Text = "PEPDS shall receive
services from the Electric
Ship in order to manage its
Environmental Load such
as Chilled Water and
Forced Air as appropriate
for the design. "
verifyMethod = Analysis

cen

«functionalReguirements

d="81.1.223"

source = "[ref 52] [ref 58]"
Text = "PEPDS shall be
capable of receiving
Electrical Power from all
power sources
simulitaneously.”
verfyMethod = Analysis

«functionalRequirements

atrace|

a

ld="51.1.225"

source = "[ref 52] [ref 58]"
Text = "PEPDS shall be
capable of distributing
Electrical Power to all
Onboard Power Loads
simultaneously "

verifyM ethod = Analysis

atracen

«functionalRequirements

d="511226"

source = "[ref 52] [ref 58]"
Text = "PEPDS shall be
capable of distributing
Electrical Power
conditioned for each
individual Onboard Power
Load.”

verifyMethod = Analysis

«functionalRequirements

ld="51.1.2.2.4"

source = "[ref 52 [ref 58]"
Text = "PEPDS shall be
capable of receiving
Electrical Power in any form
from any power source.”
verifyMethod = Analysis

Fig. 33: S1.1 PEPDS Requirements Part 2.1
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PEPDS autonomous
operations.”
verifyM ethod = Analysis

afunctionalReguirements

Id="51.1.1.2.8"

source = "[ref 54]"

Text = "PEPDS shall send
Feedback (e g operational
status, health status, failure
diagnosis, failure prognosis,
control strategy,
cybersecurity status) to
Crew."

verifyMethod = Analysis

afunctionalRequirements

ld="51.1.1.2.9"

source = "[ref 40"

Text = "PEPDS shall send
Feedback (e.g. operational
status, health status, failure
diagnosis, failure prognosis,
control strategy,
cybersecurnty status) to Ship
Control.”

verifyM ethod = Analysis

afunctionalReguirements

ld="51.1.1.210"

source = "[ref 50] [ref 521"
Text = "PEPDS shall be
able to Distribute Electrical
Power from any available
source to served loads
based on priorities.”
verifyM ethod = Analysis

afunctionalReguirements

ld="511.1.211"

source = "[ref 401"

Text = "PEPDS shall receive
Electrical Power from
Onboard Power Sources
including generators,
regenerators, and energy
storage."

verifyM ethod = Analysis

«functionalRequirements

ld="51.1.1.212"
source = "[ref 401"

Text = "PEPDS shall
accommedate receiving
Electrical Power from
Onboard Power Loads."
verifyM ethod = Analysis

afunctionalReguirements

ld="51.1.1.213"

source = "[ref 401"

Text = "PEPDS shall receive
Electrical Power from
Offboard Power Systems
when appropriately
connected.”

verifyM ethod = Analysis

afunctionalReguirements

ld="51.1.1.2.14"

source = "[ref 401"

Text = "PEPDS shall deliver
Electrical Power to Onboard
Power Loads."
verfyMethod = Analysis

afunctionalRequirements

Id="51.1.1.2.15"

source = "[ref 40]"

Text = "PEPDS shall
accommedate delivering
Electrical Power to Onboard
Power Sources.”

verifyM ethod = Analysis

afunctionalReguirements

ld="51.1.224"

source = "[ref 52] [ref 561"
Text = "PEPDS shall be
capable of receiving
Electrical Power in any form
from any power source.”
verifyMethod = Analysis

Fig. 34: S1.1 PEPDS Requirements Part 2.2
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«functionalRequirements

Id="5111215"

source = "[ref 40]"

Text = "PEPDS shall
delivering
Electrical Power to Onboard
Power Sources.”
verifyMethod = Analysis

«functionalRequirements

Id="51.1.1.2.16"

source = "[ref 40]"

Text = "PEPDS shall deliver
Electrical Power to Offboard
Power Systems when
appropriately connected.”
verifyMethod = Analysis

«functionalRequirements

Id="81.1.1.2.17"

source = "[ref 44]"

Text = "PEPDS should
maximize afternative
electrical paths to service
Onboard Power Loads "
verifyMethod = Analysis

«functionalRequirements

ld="5111218"

source = "[ref 44]"

Text = "PEPDS shall
provide at least two
electrical paths to service
mission critical loads."
verifyMethod = Analysis

«functionalRequirements

Text = "PEPDS should
maximize afternative
electrical paths from each
Onboard Power Source "
verifyMethod = Analysis

«functionalRequirements

ld="§1.1.1.2.20"

source = "[ref 44]"

Text = "PEPDS shall have at
least two electrical paths
from every Onboard Power
Source "

verifyMethod = Analysis

wfunctionalRequirements

ld="5111221"
source = "[ref 44]"

Text = "PEPDS shall
maximize separation
between alternative
electrical paths.”
verifyMethod = Analysis

«functionalRequirements

Id="51.1.1.2.22"

source = "[ref 44]"

Text = "PEPDS shall receive
Onboard Power Source
Characterization from the
Electric Ship.”

verifyMethod = Analysis

«functionalRequirements

ld="§11.1223"

source = "[ref 40]"

Text = "PEPDS shall receive
Onboard Power Load
Characterization from the
Electric Ship™

verifyMethod = Analysis

«functionalRequirements

ld="5111224"

source = "[ref 44]"

Text = "PEPDS shall receive
Ofiboard Power Source
Characlerization fromthe
Electric Systems.”
verifyMethod = Analysis

«functionalRequirements

ld="51.11225"

source = "[ref 44]"

Text = "PEPDS shall receive
Offboard Power Load
Characterization from the
Electric Systems.”
verifyMethod = Analysis

Fig. 35: S1.1 PEPDS Requirements Part 2.3
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PEPDS Components, Structure, and Interfaces

|
|
|
|
= = |
$1.1.1 PEPDS Generic Power System Requirements §1.1.2 PEPDS Innovative Requirements |
§1.1.1.3 PEPDS Ci —|- e 73‘?&'6 - A i !
A omponents and Structure ==) §1.1.2.3 PEPDS Innovative Components, Structure, and Interfaces
B3.4/W3.1 System Context and Logical Architecture |
«functionalRequirements e oo nas |
- atraces
ld="511.1 B e -1 d="511231" !
source = "[ref 40]" 83.2 System Context Interfaces Araces = [ref " [
2 source = "[ref 52] [ref 58]
BT RELTIIS 2 nart. of rTTIE T T T T T T Text ='PE[PDSZ'sr[!aII be ]a |
the Electric S_mems onthe abusinessRequirements | Navy shipboard power and |
iﬁ"ﬁﬂ'ﬁ Analysis ey Pt Dt ! S denoghon srslom.: I
= nergy Power Distribution » =
Sieiom i verifyMethod = Analysis i
Id="5.13" | |
source = "Navy"
«functionalRequirements Text = "PEF'Dé 1m0 L 7I «functionalRequirements |
S i integrated power and [
Ee energy power distribution d="511233" |
iﬂﬂ{{e_—P E[;fgs ) “ system which should have letraces | | source = "[ref 7]"
el 5 LRUS or Hon-LRUs. ieortedpones; I Text ="PEPDS LRUS shall |
shal ME e ds_“:\ ?ﬂ' & propulsion, optimization, | be replaceable onboard, |
verifylethod = Analysis protection, filtering, storage, underway, by ship’s Crew” |
and control* | verifyM ethod = Analysis
| |
«functionalRequirements | |
| «funclionalRequirements |
1d="51.1.13.2" «businessReqUIEments !
source = [ref 591 Simplified LRU Replacement | | d="S11232" ‘
Text = "PEPDS shall be d="511" [ @009 source = "[ref 50] [ref 56]"
installable by standard US source = "Navy" 5] Text = "PEPDS shall |
Py SHIEAL T rocesse” Text =“Uilze LRUs that are | | minimize the number of |
verifylM ethod = Analysis a size and weight carmiable ! unique LRU types.” |
by a single sailor, that can it | | lopores verifyM ethod = Analysis
through hatches, that | !
«functionalRequirsments requires minimal training for | |
installation and removal,
: «funcionalRequirements |
i and has plug & play | |
source = Tref 587 ! 4="811239" |
Text = "PEPDS shall be | source = "[ref 50]"
removanle by standard US. | Text = "PEPDS components I
Na\fy SHIPALT processes. | -_—r - - - - - shall provide maximum |
verifyMethod = Analysis | «MSI:EBREQ\X Emﬁﬂt: | reconfigurability so as to |
“omprehensive Application | permit changing the
of the LRU Approach to the |
Entire System Design I ardtes ;‘l""‘dr‘“"‘g““' e, 3559:‘”5’ o :
ich they are a pan.”
wfunctionalRegquirements 4= 510" [ bl eit{oa 2 Agalysns
source = "Navy" | !
1d="811135" Text ="Maximize the ! I
source = "ref 7]" dependence on LRUswhile L _| | |
Text = "PEPDS shall have minimizing the different | gt g Aetneats
LRUs installed, removed, types of LRUs" !
andreplaced by the Crew." ! d="51123.10" |
verifyMethod = Analysis | source = "ref 50]" |
| Text = "PEPDS components |
«businessRequirements | shall proved maximum
«functionalRequirement Functional Control | ’5'1:1’_“"9&3‘ 2zl ”":?1‘ Hirdecto !
- = permit changing their |
d = "5.6" > =
individual functionality
Id="51.1.1.3.6" source = "Navy" traces erifyM ethod = Analysis |
source = "[ref 60]" Text ="Control component & — — — 7 — — — — — — - i 4 |
Text = "PEPDS LRUS shall and network functions
have spares in Electric Ship through programming and 5 = !
stores which are stocked by reconfiguration” afunctionalRequirements |
the LS. Navy Supply |
System." ld="511.234"
verifyMethod = Analysis source = "[ref 50]" I
busimessRequiements e _ _ |l @@ Text = "LRUS should be hot |
Hotswappable swappable (i.e. able to be |
«functionalRegquirements ld="36" ::';I;nix;"ﬁ%:g‘:' |
SlEien iy surrounding equipment i |
1d="811137" Text = "Hotswappable ch |
source = "[ref 49]" "Plug-and-Play" applications” verityM sthod = Analysis
Text = "PEPDS shall comply !

Fig. 36: S1.1 PEPDS Requirements Part 3.1
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«functionaRequirements

d="51.1.1.3.7"

source = "[ref 49]"
Text = "PEPDS shall comply
with applicable EMIEMC
standards (i.e. not adversely
affect external equipment)”
verifyM ethod = Analysis

«functionaRequirsmants

d="51.1.1.3.8'
source = "[ref 39]"

Text = "PEPDS shall
provide means to isolate
common made paths
between Onbeard Power
Sources and Onboard
Power Loads to the extent
required so that PEPDS can
provide the appropriate
Quallty of Service to the
Onboard Power Loads
while minimizing damage or
disruption of PEPDS
external equipment.”
verifyM ethod = Analysis

afunctionaRequirements

d="81.1.1.3.9"

source = "[ref 39] [ref 441"
Text = "PEPDS shall
provide means to isolate
common made paths
between Onboard Power
Loads to the extent required
so that PEPDS can provide
the appropriate Quality of
Service to the Onboard
Power Loads while
minimizing damage or
disruption of PEPDS
extemal equipment.”
verifyM ethod = Analysis

abusinessRequirements
Hotswappable

|

d ="3.6"

source = "Navy"

Text = "Hotswappable
“Plug-and-Play” applications”

abusinessRequirements
Load Interface Design

d="5.2"

source = "Navy"

Text = "Commen interface
solution for all loads with
increased possibilities of
Ioad interface spatial
arrangement in the ship”

wbusinessRegquirements
Ease of Installation as a Unit

d="5.1"

source = "Navy"

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

L

7™
|
|
|
|
|
|
|
|
|
|
|
|

wtracen

atraces

wtrace;

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
3
|
|

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.

siraces

|atraces

Fig. 37: S1.1 PEPDS Requirements Part 3.2

sfraces

s = g o
Text = "LRUs should be hot
swappable (.e. able to be
safely exchanged by
personnel while the

equipment is
energized)’
verifyMethod = Analysis

«functionaRequirements

sfraces

ld="8112312"

source = "[ref 50] [ref 52]"
Text = "PEPDS shall
maximize the tappable
locations for Onboard
Power Sources”
verifyMethod = Analysis

«functionalRequirements

d="8112311"
source = "[ref 44] [ref 50] [ref

Text = "PEPDS shall
maximize the tappable
locations for Onboard
Power Loads.

verifyM ethod = Analysis

sfunctienalRegquirements

1d="5112313"
source = "[ref 50] [ref 52]"
Text = "PEPDS load
interfaces shall maximize
possible spatial
arrangements while
maximizing likelhood of
correct connection.”
verifyMethod = Analysis

«functionaRequirements

ld="811238"

source = "[ref 50"

Text = "PEPDS Non-LRUs
shall be assemblable prior
to installation.”

verifyM ethod = Analysis

«functionalRequirements

d="811235"

source = "[ref 50]"
Text = "PEPDS Non-LRUs
shall be verfiiable as an
assembly prior to
installation and post
installation.”
verifyMethod = Analysis

«functionaRequirements

1d="811237

source = "[ref 50"

Text = "PEPDS Non-LRUs
shall be installable as an
assembly.”

= Analysis

«functionalRequirements

d="811236"

source = "[ref 50]"
Text = "PEPDS Non-LRUs
shall be removable as an
assembly.”
verifyMethod = Analysis

52
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req [Package] 51.2.1 Control Capability Reguirements [ 51.2.1 Control Capability Requirements ])

[Wodification date [ 2128123 8:41 P |

[Last moafied by |[ceatse |

$1.2.1.1 Control Capability Generic Requirements

wfunctionalRegquirement»

Ild="51.21.1.1"

source = "[ref 52]"

Text = "The Control
Capability shall control
capabilities through
Commands based on the
Control Strategy.”
werifyMethod = Analysis

afunctionalRequirements

ld="51.21.1.2"

source = "[ref 521"

Text = "The Control
Capability shall send
Feedback with PEFDS
status to Ship Control and
the Crew."

verifyMethod = Analysis

«functionalRequirements

Id="58121.13"

source = "[ref 52] [ref 541"
Text = "PEPDS Feedback
shall provide a projection of
intended automatic cheices
to the Crew.”

verifyMethod = Analysis

atraces

=
W2.1 Control PEPDS

«businessReguirements

thermal, and mechanical
control

wtraces

wtracexs

atracex

|
|
|
|
|
|
|
|
|
|
|

i i i

«businessReguirements
Adaptive Controls

1d="5.7"

source = "Mavy"

Text = "Control algorithms

self-adapt to changes in

mission requirements, load

performance, and system =

upgrades™

2 O LI U U O A

53

Integrated Control -
Id="55"
source = "Navy"
Text = "Integrated electrical, & — — — 4

$1.2.1.2 Control Capability Innovative Requirements

afunctionalRequirements

ld="81.2121"

source = "[ref 48], [ref 47]"
Text = "The Control
Capability's course of action
shall be any independent or
coordinated use of PEPDS
Capabilities."

verifyMethod = Analysis

wfunctionalReguirements

ld="51.2122"

source = "[ref 50] [ref 52]"
Text = "The Control
Capability shall 1ssue
Prioritized Commands to
the capabilities."
verifyMethod = Analysis

«functionalReguirements

Id="512123"

source = "[ref 52"

Text = "The Control
Capability shall analyze
capability needs based on
capability Feedback to
Determine Course of Action.”
verifyM ethod = Analysis

afunctionalRequirements

ld="g1.2124"

source = "[ref 521"

Text = "The Control
Capability shall Determing
Course of Acfion based on
the Control Strategy,
Commands from Ship
Contrel and Crew, analysis
of capability needs, power
source supply, and power
load demand. *
verifyMethod = Analysis

«functionalReguirements

Id="512125"

source = "[ref 52] [ref 58]"
Text = "The Control
Capability shall update the
Control Strategy based on
Crew Commands, Ship
Control Commands,
analyzing Capability Needs,
power source supply, and
power load demand.”
verifyM ethod = Analysis

«functionalRegquirements

ld="81.2.1.26"

source = "[ref 52] [ref 581"
Text = "The Control
Capability shall analyze
power load needs based on
power load
Characterization and the
Control Strategy.”
verifyMethod = Analysis

«functionalReguirements

Fig. 38: 51.2.1 Control Capability Requirement Part 1

ld="51.21.27"
source = "[ref 51]"
Text = "The Control

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.




Approved, DCN# 543-426-23

| | | Capabilty shall analyze
power load needs based on
v vy power load
«sbusinessRequirements Characterzation and the
Adaptive Controls o _dmgm | Control Strategy *
ld="57" verifyM ethod = Analysis
source = "Navy"
Text ="Control algorithms
self adaptto changes in
mission requirements, load
ric e, and oM e — — — — == = = = —
sl bty i 0="s12127
source = "ref 51
™ Text = “The Control
| Capablty shal ensure
|
|
|
|
|
I
I
|

afunctionaRequirements

T

system stability during
normal operations while
meeting all demands for
Electrical Power "

= Analysis

whunctionaRequirements

1d="812.1.28"

source = "[ref 511"

dmees | Text = "The Control
Capavilfy shall direct

PEPDS operations to

ensure system stability by

accommodating pulse loads.”|

verifyM ethod = Analysis

«functionaRequirements

10="812129"

source = "Tref 511"

Text = "The Control
il Capabilty shall direct
PEPDS operations to
ensure system stability by
accommodating
mismatched loads.”
verfyM ethod = Analysis

«tunctionaiRequirements

!
] Id="5121.2.10"
\ source = “Jref 51"

Text = "The Control
e e - - = = — — Capabilty shall direct
PEPDS operations to
ensure system stability by
accommodating stochastic

loads.
etrpces vertyM ethod = Analysis

«lunctionaRequirsments

ld="8121211"

[ source = "[ref 511"

N (| Text = "The Control
Capabilly shall direct

PEPDS operations to

I ensure system stabilty by

accommodating large loads.”

e —— verfyM ethod = Analysis

Load Interface Design

I

I

| e “Navy” wfunctionaRequirements
| |Text ="Common interface

| |solution for all loads with 1d="8121212"
1 increased possibilities of source = "[ref 52]"
I

[

[

]

load interface spatial e - == — - Text = "The Control
|arrangement in the ship® Capability shall direct
—_— PEPDS operations to
ensure system stabilty
while servicing and
shedding loads "
e i (e verifyM ethod = Analysis

‘efunctionaRequirements

1g="5121213"
source = "Tref 521"

Text = "The Control
————————————————— Capabilty shall direct
PEPDS operations to
ensure system stabilty
while accessing and
de-accessing sources”
verfyM ethod = Analysis

hunctonaRequirements

1d="5121214"
source = “fref 511"

Text = “The Control
777777777777777777 Capability shall direct
PEPDS operations to
ensure system stability by

mismatched sources "
verfyM ethod = Analysis

wfunctionaRequirements

1d="5121.215"

source = "Jref 511"

Text = "The Control
e (Capabilty shall direct
PEPDS operations 1o
ensure system stabilty by
accommodating startup
surge power”

verfyM ethod = Analysis

efunctonsRequrements

Id="51212.16"

source = “[ref 511"

Text = “The Control
Capability shall direct
PEPDS operations to
ensure system stability
according to priorties from
an of PEPDS.

state and Crew Commands ”
«businessRequirements = Analysis
Functional Control
[FErers

Fig. 39: $1.2.1 Control Capability Requirement Part 2
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state and Crew Commands.”
«businessRequirements verifyMethod = Analysis
Functional Control
1d="56"
source = "Navy' wfunctionalRequirements
Text
and network functions FE—-———————— -7 I
through programming and
reconfiguration” E-—-—)

d ="$1.21.2.17"

source = "[ref 501"

Text = “The Control

| Capability shall be able to

| Program Communication
Networks."

| i = Analysis

|

|

«<functionaRequirements

source = "[ref 50]"

Text = “The Control
Capability shall be able to
Program Power Networks.”
verifyMethod = Analysis

|
|
| ld="5121218"

«<functionaRequirements

straces d="5121219"
source = "[ref 50"
77777777777777 Text = “The Control
Capability shall be able to
Program PEPDS
sbusinessRequirements components.”
Automated Self-check verifyMethod = Analysis
-5
source = "Navy
Text = "Have self diagnosis sfunctionaRequirements
or automated seff-check
after controls upgrades == -
which would be an = 517%1,%(33 .
advanced coneept of CHIL airaten Soties ~1res S
i e

___________ Text = “The Control
m;ﬁ:ﬁﬂéﬁg Capabilty shall provide an
(integrated digital twin) — Sfj;f;"ﬂ'"fl”rtg“f el otiof
:‘:::t:gg Dypecsculy communication networks,

power nefworks, and
PEPDS components based
on the Control Strategy in fts
Feedback.”
verfyMethod = Analysis

«functionaRequirements

d="51.21221"
wbusinessRequirements source = "[ref 48], [ref 47]"
Integrated CBM+ Text = "The Control
d="50" Capability shall Capture
i " afraces and Store Data to be used
Sy F-——"=""F =71 in analysis for CBMM+"

Text ! 5
maintenance+ fully verifyMethed = Analysis

integrated into design
Diagnosis, prognosis, and
heaith prediction «functionalRequirements
capabilties - down to the
device level” adraten ld="8121222"

T T T source = "[ref 48], [ref 47]"
|
|
|
|
|
|
|
|

Text = “The Control
Capability shall Transmit
Data to support external
CBM+ aclivities.”
verifyMethed = Analysis

«functionaRequirements

|

|

|

|

|

|

|

[ d="8121223"

| | source = "[ref 48], [ref 471"

| praces Text = "The Control
____________ Capability shall Perform

| CBM~ analysis as

| instructed by the Control

Strategy "

: verifyM ethod = Analysis

|

|

|

|

|

|

«<functionaRequirements

arnces 1d="8121224"

source = "[ref 48], [ref 47]"
Text = “The Control
Capability shall implement
change to the Maintenance
Strategy based on data
analysis, Ship Control
Maintenance Strategy, and
PEPDS Control Strategy.”
verifyMethod = Analysis

stracen

«functionaRequirements

1d="5121225"
source ="[ref 43], [ref 471"
Text = "The Control
Capability shall execute
self-learing by tracking
,,,,,,,,,,,,,,,,,,, and improving based on the
Control Capability
operations, Control
Strategy, Feedback from
,,,,,, traces | _ _ _ _ _ |PEPDS capabilies and
| Commands form Crew and
| Ship Control."
verifyMethod = Analysis

«businessRequirements
Self Learning
1d="54"

«functionaRequirements

«comments
Return to 51

d="5121226"
by tracking performance ko _mee ] source = "[ref 48], [ref 47T"
and CBM+ data and Text = “The Control
analyzing control and Capabilty should be
protection aclivities™ capable of seif-learning in
order to improve PEPDS
performance over time."
R B ] verifyM ethod = Analy sis
MagicGrid Index

e

51 PEPDS Requirements
Requirements
Package Diagram

__ _Model Navigation Road Map

«comments
Refurn to Road
Map or MagicGrid

Fig. 40: S1.2.1 Control Capability Requirement Part 3
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req [Package] S1.2.2 Protection Capability Requirements [ S1.2.2. Protection Capability Requirements ] J

«rationale»

integrated
optimization,
'Last modified by || cealde plPotection, and

control

|

'Modiﬁcation date || 3/8/23 11:18 AM =

$1.2.2.1 Protection Capability Generic Requirements

L «trace» 9*(_“”_3“2 $1.2.2.2 Protection Capability Innovative Requirements
«functionalRequirement»

W2.2 Protect PEPDS

Id="81.2.2.2.2"

source = "[ref 50]"

Text = "The Protection

Capability shall Analyze
«trace» Source and Load Interfaces

N Characteristics in order to

detect incipient failures."

| verifyMethod = Analysis

|

|

N «functionalRequirement»

«businessRequirement»
Integrated Power and Id ="81.2.2.2.3"
Energy Power Distribution source = "[ref 50] [ref 58]"
System Text = "The Protection
Id="5.13" Capability shall Analyze
source = "Navy" «trace» PEPDS Performance in
Text = "PEPDS is an K- —-—T7T - —— — — order to detect incipient
integrated power and failures."
energy power distribution verifyMethod = Analysis
system which should have | __
integrated power, |
propulsion, optimization, |
protection, filtering, storage,
and control" I Id ="S1.2.2.2.4"
|
|
|

«functionalRequirement»

U N source = "[ref 52]"

Text = "The Protection

«trace» Capability shall Determine
- - = — — T Operational Needs for

Safety, Performance, and

Resilience based on the

Control Strategy and

Commands from the Control

Capability."

verifyMethod = Analysis

K
|
|
|
|
|
|
|
|
l «functionalRequirement»
|

|

|

|

|

|

|

|

|

|

|

| l«trace» Id ="81.2.2.2.5"

| | source = "[ref 50]"

Text = "The Protection

! Capability shall perform
| accurate diagnosis and
| prognosis when a failure
| event occurs."

| verifyMethod = Analysis
|

|

|

|

|

|

«trace»

«functionalRequirement»

Id ="$1.2.2.2.6"

source = "[ref 50] [ref 52]"
Text = "The Protection
Capability shall Select
————————————— Protection Response based
on the diagnosis and
prognosis of the failure
event and the need for
system safety, performance
and resiliency."
verifyMethod = Analysis

«trace»

«functionalRequirement»

N

Id="81.2.2.2.1"
«comment»

ReturntoS1 |- — _— _ _ == source = "[ref 52]
PEPDS

) Text = "The Protection
Requirements S1PEPDSRequirements | _ _ _ _ — — — — | — — — — Capability shall provide the

Package Diagram — Control Capability
=N Feedback enabling

DN _Model Navigation Road Map protection related

—

«comment» N Commands."
Return to Road - T - - verifyMethod = Analysis
Map or MagicGrid MagicGrid Index

I
I
I
I
I
I
I
I
I
|
|
|
|
|
|
|
|
|
|
|
I
I
|
I
I
I
I
I
I
I
I
I
|
|

Fig. 41: S1.2.2. Protection Capability Requirements
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req [Package] S1.2.3 Bectrical Distribution Capabilty

'$1.2.3 Bectrical Distrbution Capabity Requirements ] ]

[ Modification date | 2128123 8:36 PM
 Last modified by | ceatde

$1.2.3.1 Electrical

Capability Generic

«functionalRequirements

W2.3 Distribute Power

$12311
source = "Tref 50] [ref 52]"

Text = "The Power <businessRequrements
Conversion Capability shall Distributed Power
Convert Electrical Power L
based on Commands from
the Control Cap: Navy"
VerfyMethod istributed power
n provides
protection, fitering, and
dunctionaRequirements energy storage. It creates
an interface for every load
He=12500F meaning there will be no
source = ref 50 rf 52" single interface standard for
e allloads and that ac or dc,
Conversion Capabilty shall [Bamicnes ooz pover
send Feedback to the EaenCiraibms
Control Capabilty ™ individual load requirements’
verifyMethod = Analysis
unctionaRequirement> <busiessRequrements
Load Interface Design
1d="512313"
source = Tref 50 [ref 52]" avy”
Text = "The Power ext="Common interface |~
Conversion Capability shall solution for all loads with
send Electrical Power to the e ear)
Power Transportation load in H
Capability as appropriate.” arangement in the ship”
verifyMethod = Analysis

«functionalRequirements

1d="512316"
source = "Tref 50] [ref 52]"
"The Power
Conversion Capability shall
receive Electrical Power
from the Power
Transportation Capal
appropriate "
verifyMethod = Analysis

«functionalRequirements

1d="5123111"
source = "Tref 50] [ref 52]"
Text = "The Power
Conversion Capability shall
send Electrical Power to the
Energy Storage Capabilty
as appropriate.”
verifyMethod = Analysis

«functionalRequirements

1d="512319"
source = "Tref 50] [ref 52]"
ext="Ti

Conversion Capability shall
receive Electrical Power
from the Energy Storage
Capability as appropriate ™
verifyMethod = Analysis

«functionaRequirements

1d="512314"
source = "Tref 50] [ref 52]"
Text = "The Power
Transportation Capabilty
shall Transport Electrical
Power based on

Commands from the Control
Capabilty. ™

verifyMethod = Analysis

«functionalRequirements

1d="512317"
source = "Tref 50] [ref 52]"
Text = "The Power

Transportation Capability
shall send Feedback to the
Control Capabilty.™

verifyMethod = Analysis

«functionalRequirements

1d="512318"
source = "Tref 50] [ref 52]"
Text = "The Energy Storage
Capabilty shall send
Feedback to the Control
Capabilty.”
verifyMetho

nalysis

functionaRequirements

1d="512312"
source = "Tref 50] [ref 52]"
Text = "The Energy Storage
ability shall Store

Electrical Power received
from the Power Conversion
Capabilty based on
Commands by the Control
Capabilty. ™
verifyMetho

Analysis

«functionalRequirements

1d="512315"
source = Tref 50] [ref 52]"
ext

Commands by the Control
Capabilty. ™
verifyMethod = Analysis

«comments

—Model Navigation Road Map

«comments

Return to Road - ==
Map or MagicGrid MagicGrid Index

Fig. 42: S1.2.3 Electrical Distribution Capability Requirements
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araces «races

$1.2.3.2 Electrical Distribution Capability Innovative Requirements

dunctionaiRequirements

1d="512322"

n Capabilty
Convert source Electrical
Power in order to service
loads from dc to dc, dcto
ac acto dc, actoac at
various voltages and
frequencies”
verifyMethod

nalysis

«functionaRequirements

1d="512321"
source = Tref 50] [ref 5
Text = "The Power
Transportation Capal
shall Transport Electrical
Power from sources to
loads, either of which may
be onboard or offboard the
Electric Ship.”
verifyMethod = Analysis
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req [Package] S1.2.4 Thermal Management Capability Requirements [ S1.2.4 Thermal Management Capability Requirements ])

“ Modification date | 2/28/23 8:34 PM
‘ Last modified by ‘093149

$1.2.4.1 Thermal Management Capability Generic Requirements

«functionalRequirement»

Id="81.24.1.1"

source = "[ref 11]"

Text = "The Thermal
Management Capability
should regulate the thermal
load of PEPDS capabilities
to minimize the
Environmental Load on
PEPDS."

verifyMethod = Analysis

«functionalRequirement»

Id="81.24.1.5"

source = "[ref 11]"

Text = "The Thermal
Management Capability
shall regulate the thermal
loads of PEPDS capabilities
in accordance with the
Commands from the Control
Capability."

verifyMethod = Analysis

«functionalRequirement»

Id="81.24.1.3"

source = "[ref 11]"

Text = "The Thermal
Management Capability
shall regulate the thermal
load of PEPDS capabilities
as necessary to maintain
operations."

verifyMethod = Analysis

«functionalRequirement»

Id="81.24.1.2"

source = "[ref 11] [ref 52]"
Text = "The Thermal
Management Capability
shall regulate the thermal
load of PEPDS capabilities
to protect Crew."
verifyMethod = Analysis

«functionalRequirement»

Id="S1.2.4.1.6"

source = "[ref 11]"

Text = "The Thermal
Management Capability
shall send Feedback to the
Control Capability."
verifyMethod = Analysis

«trace» > «trace»
_____ G e

‘W2.4 Manage Thermal Load of PEPDS

«businessRequirement»
Serial Thermal Management

source = "Navy"

Text = "Universal thermal
interface should be
proposed”

«comment»
RetuntoS1 |- — — — —
PEPDS

~ $1 PEPDS Requirements
Requirements
Package Diagram

B —Model Navigation Road Map

«comment» N
Return to Road - T ==
Map or MagicGrid MagicGrid Index

Id="3.1" < -

$1.2.4.2 Thermal Management Capability Innovative Requirements

«functionalRequirement»

Id="81.24.2.1"
source = "[ref 14]"

Text = "The Thermal
o _¢eeer Management Capability
should utilize the Electric
Ship's environmental
services to regulate the
thermal load of PEPDS
capabilities.”
verifyMethod = Analysis

Fig. 43: $1.2.4 Thermal Management Capability Requirements
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11.2.3.3 S1 System Requirements Traceability Matrices
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Fig. 44: S1-B1 PEPDS Requirements and Stakeholder Needs Traceability Matrix
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Fig. 45: S1-B2-W2 PEPDS Requirements and PEPDS Behavior Traceability Matrix
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11.2.3.4 S1 System Requirements Table

# 2 Name ‘ Text ‘ Traced To Source ;zm | Risk | Revision Date
1 |E [J 51.1PEPDS Requirements
2 E [ 51.1.1PEPDS Generic Power System Requirem
3 E [ 51.1.1.1PEPDS States and Modes
. PEPDS shall have an Operating state in which it is electrically active [ rerDs . 2022.11.15
4 L and functions are available. Operating [ref45] Analysis
PEPDS shall fulfill mission requirements to the maximum extent Operating 2022.11.15
possible in all modes of the Operating state. [& 1.4Robustness
5 - ref 3] Analysis
[# 1.5Resiliency L 1 b
= PerDs
PEPDS shall have an Off state in which it is electrically inert and PEPDS . 2022.11.15
3 non-functional. % off [ref 45] Analysis
PEPDS shall transition to the Off state from any other state upon = PerDs 2022,11.15
command or complete failure via controlled, graceful, and failsafe Controlled Shutdown
shutdown.
Forced | Controlled Shutdown
7 L4 D off [ref 45] Analysis
= Complete Install | Remove
= commands
2] Failure
3 [ 51.1.1.2 PEPDS Operations
34 3 51.1.1.3 PEPDS Components and Structure

44 [ 51.1.2 PEPDS Innovative Requirements
[3 51.1.3 PEPDS Performance Metrics
204 [ 51.2 Capability Requirements

Fig. 48: S1.1.1.1 PEPDS States and Modes
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Verify
# 4 Name Text Traced To Source J Rk | Revison Date

L | [ 51.1PEPDS Requirements
2 | B [ SL1.1PEPDS Generic Power System Requiren!
3 B [ SL1.11PEPDS States and Modes
[ B [ SL1.1.2PEPDS Operatons
PEPDS shall startup on Commands (¢.g. biadkstart, coldstart). Ereos 2221115
& Startup [ref 54) Analysis
= commands

L} O st

'PEPDS shall meet general human engneering desan aiteria m2211.15

‘speified by MIL-5TD-1472H induding tagout of components for

=l - maintenance or repair, physical access, iftabity.

[ref43] Analysis

[ crew
PEPDS shall transer Environmental Load to Ship Body. | shoBody | | oz
2 environmental Load
[ reros
T3 W2.4 Manage Thermal Load of PEPDS|
shall accommodate Environmental Load naturaly |Eres 0221115

[ref 40] Analysis

PEPDS
transferred from the Electric Ship. [ Ervirormental Load

Blectric Ship.
V2.4 Manage Thermal Load of PEPDS

PEPDS Crew G B pevos 20721115 |
estabished by Eoew

[ref 40] Analysis

2) ship Contral, o [ st control [ref 54) Analyss
3) autonomous operations [ commands
in descending order of priorty. 2 W2, 1 Conrol PEPDS
PEFDS Crew Shp Control Ereros 022.11.15
‘Commands and PEFDS autonomous aperations. W arew

= commands [ref54] Analysis

[ ship Contral

3 W2 1 Contral PEPDS.
PEFDS . Commands overri Ereos T I (0221115
autonomous operatons. 5 Commands

[ shp contral

&3 wi2.1 Control PEPDS
PEPDS shall send Feedback (e.g. operational status, health status, | [3] pepos | 0221115
falure dagnos, faire prognosk, control SYBtEQY, CRETSEAA | [ Feecback
status) to Crew.

[ crew [ref54) Analysis

[ control strategy

b W2.1 Contral PEPDS
PEPDS shall send Feedback (e.g, operational status, heath statis, [ s Contral 20221115
faiure dagnosis, e prognosis, control strategy, cybersearity | [m e gy
statws) to Shp Contral Troos —_— -

[ Control Strategy

3 Vi2.1 Conval PEPDS.
PEPDS shallbe able to Distribute Electrical Power from any = reros 2022.11.15
avaisble source to served loads based on prioribes. 5 Bectrical Power

[ref 40] Analysis

[l Orboard Power Loads [ref 50] [ref 52] Analysis
[H 1 Power Delivery
T3 W2.3 Distribute Power
(2 Offboard Power Systems.
PEPDS shall receive Biectrical Power from Onboard Power Sources | (8] Orboard Power Sources | (221115
includng generstors, regeneraters, sad energy storage. B Bcrica Power
19 @ stii2n [ reros [ref 40) Analysis
(8l 1 Power Delivery
4 2.3 Distribute Power
FEFDS shall B reros 221115
Power Loads
0 B s1iiz212 = Onboard Power Loads [ref 40] Analysis
[ 1 Power Delivery
3 W23 Distrbute Porer
PeFS Systens | [ Offooard Power System T |ozus
when appropriately connected. [ Blectrical Power
Ereros [ref 4] Analysis

PEPDS shall deliver Electrical Power to Onboard Paver Loads. | Il Orboard Power Loads | IR

Ereros [ref40] Analysis

[ 1 Power Delivery

€k W2.3 Distribute Power
PEPDS shal accommodate defverng Electrical Power to Onboard | (o211
Power Sources.

ref40] Ay

[ 1 Power Delivery

3 W2.3 Distribute Power
FEPDS shall delver Electrical Pomer to Offboard Fawer Systems [ offooard Power Systems 0221115
nhen appropriately conrected, I Bectical Power
&= reros [ref 4] Analysis
[ 1 Power Delivery
T W2.3 Distribute Power
PEPDS shoud maninize aiternative electrical paths to service Ereros ' [ oz
7 ‘Onboard Power Loads. [ Orboard Power Loads [reF44] Analysis
3 W2.3 Distrbute Poer
two electri . |Ereos | 20021115
Tk W2.3 Distribute Power [ref 44 Analysis
) Orboard Power Loads
PEPDS shouid maimize aiternative electrical paths from each Ereos 1 I o2z 1115
Ovooerd Povser Soures [ Orboard Pomes Sources Trefad] Analysis
7 W2. 3 Distribute Powver
|Ereos | [mzzs
[l Orboard Power Sources [ref 44 Analysis
€3 W2.3 Distribute Power
Erens 0221115
€2 W2.3 Distrbute Power
2,21 [ offboard Power Systems [ref44) Analysis
] Orboard Power Loads
[ Onboard Power Sources
Source fom | reros 2221115
[ characterization
[ Onboard Power Sources [ref44] Analysis
B Becvic o
T3 W21 Control FEFDS
" PEFDS shall receive Onboard Power Load Characterization from Ereos T 20021115
the Blectnc Shp. [ Characterization
5] Orboard Power Loads [ref 4] Analysis
= Bectric Ship
3 W21 Control PEPDS.
Source Ct fom | peros | IR
&) Offooard Power Systems
& characterization [ref44] Analysis
Blectric Systems
£ W2,1 Control PEPDS
Load Chara from BEreos

PEPDS
aiteal boads,

£P0S shal b B
Poweer Source.

paths.

FEFDS
the Electrc Ship.

PEPDS
the Biectric Systems.

FEFDS
the Eeectrc Systems.

[ Offboard Power Systems [ref 44 Analyss
] Bieciric Systems
€3 W2.1 Contral PEPDS.

B B [ 51.1,1.3PEPDS Components and Structure
4 [ 51.1.2PEPDS Innovative

80 B [ 51.1.3PEPDS Performance Metrics

204 @ [ 512 Capabilty Requirements

Fig. 49: S1.1.1.2 PEPDS Operations
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£ Name Text Traced To Source ;:;iiwf:d Risk | Revision Date
1 |B [3J 51.1PEPDS Requirements
2 E [ 51.1.1PEPDS Generic Power System Requirem
3 [ 51.1.1.1 PEPDS States and Modes
8 [3 51.1.1.2 PEPDS Operations
34 = [ 51.1.1.3 PEPDS Components and Structure
PEPDS is a part of the Electric Systems on the Electric Ship. = pePDS 2022.11.15
35 ] 1 = Electric Systems [ref 401 Analysis
(=] Blectric Ship
- PEPDS shall be installable by standard US Navy SHIPALT processes, =] perDs fref 551 Arlyss 2022,11,15
(O Performing SHIPALT
- EF;&SS:::IH be removable by standard US Navy SHIPALT % EEPDS Fef 5] arelyss 2022.11.15
'erforming SHIPALT
PEPDS components shall be LRUs or Non-LRUs, =] perDs 2022,11.15
£ 4 Hrus [ref 48] Analysis
E Non4RUs
PEPDS shall have LRUs installed, removed, and replaced by the = rePDS 2022.11.15
Crew, Q LRUS
3 [ crew [ref 7] Analysis
0 Replace LRUs
[ 2.2 Operator Trainability
0 PEPDS LRUs shall have spares in Electric Ship stores which are E trus fref 601 arlyss 2022.11.15
stocked by the U.5, Navy Supply System, =] Bectric Ship
- versl e v oty et s e pralyss | FEEE
PEPDS shall provide means to isolate common mode paths between E Perps 2022,11,15
2 reired s ot PEPOS com prove, e vt Guaityof || D Qulty ofServce fef 3] s
Service to the Onboard Power Loads while minimizing damage or EE] onboard Power Loads
disruption of PEPDS external equipment. 5 onboard Power Sources
PEPDS shall provide means to isolate commaon mode paths between [ rerDs 2022.11.15
s = Crbeyiron Lo S OIS B am rsere i e
Loads while minimizing damage or disruption of PEPDS external 5] Onboard Power Loads
equipment.
44 [ 51.1.2 PEPDS Innovative Requirements
80 [3 51.1.3 PEPDS Performance Metrics
204 [ 51.2 Capability Requirements
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Fig. 50: $1.1.1.3 PEPDS Components and Structure
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# £ Name Text Traced To Source e Risk | Revision Date
Method

1 |B [3J 51.1PEPDS Requirements

2 [ S1.1.1PEPDS Generic Power System Requirem
4 E [J 51.1.2 PEPDS Innovative Requirements
45 E [J 51.1.2.1Innovative PEPDS States, Modes,

The PEFDS Operating state shall function in one of the following & perDs 2022,11.15
states: 1) Operating Nominally state, 2) Operating Off-Mominally
state, or 3) Maintaining state, & Operatng

(O) Operating Mominally

(D) Operating Off-Mominally
(D) Maintaining
1.4 Robustness

PEPDS in all states of its Operating state shall utilize power sources [ rePDS 2022.11.15
to service power loads in accordance with its Control Strategy, "
ship Control Commands, and Crew Commands. 2 Operating

[ref 7] Analysis

[ control Strategy
& offboard Power Systems
5.5 Integrated Control
ower Delivery [ref 45] [ref 50] [ref 52] [reianalysis
= Onboard Power Sources
[ onboard Power Loads
= commands
B crew
5] ship Contral
PEFDS in its Operating Off-Nominally state shall attempt to = perDs 2022,11.15
autonumous.\y resalve failures by rerouting, reconfiguring, and () Operating O Nominally
reprogramming.
Autonomously Recovered
7 Adaptive Contrals [ref 50] Analysis
unctional Control
utomated Self-check
2] Failure
PEPDS in its Maintaining state shall enable Crew reprogramming, [ pePDS 2022.11.15
reconfiguring, and replacement of LRUs. (D) Meiinksiiing
E crew
E Lrus
5.9 Integrated CBM+
5.11 Simplified LRU Replacement [ref 7] [ref 50] Analysis
unctional Control
1 Maintainability
<> Program
2 Replace LRUs
2> Maintain PEPDS

PEPDS shall transition from Operating Nominally state to Operating B PerDs 2022,11,15
Off-Nominally state when PEPDS has detected & Failure.

47

(D) Operating Mominally

(O) Operating Off-Mominally
= Failure

5 Resiliency

2] Failure

PEPDS shall transition from Operating Off-Nominally state to [ rePDS 2022.11.15
Operating Nominally state upen autonomous recovery of all
detected Failures.

50

[ref 7] Analysis

() Operating Mominally

(O) Operating Off-Mominally

Autonomously Recovered [ref 50] [ref 58] Analysis
Failure

7 Adaptive Contrals

2] Failure

PEPDS shall transition from Operating Nominally state to [ rePDS 2022.11.15
Maintaining state when there is an Evidence of Need for () Meiinksiiing
Maintenance.

51

52 @ su1

Evidence of Need for Maintenance  [ref 50] [ref 58] Analysis
(O) Operating Mominally
5.9 Integrated CBM+
PEPDS shall transition from the Maintaining state to the Operating [ rePDS 2022.11.15
Mominally state when Maintenance Completed. ) Maintaining
() Operating Mominally [ref 71 Analysis
Maintenance Completed
5.9 Integrated CBM+
PEPDS shall transition from Maintaining state to Operating Off- B rerDs 2022,11.15
Mominally state after getting Repaired. ) Maintaining
54 A 511218 (2 Operating Off-Mominally [ref 50] Analysis
= Repaired
5.2 Integrated CBM +
PEPDS shall transition from Operating Off-Nominally state to ] pePDS 2022.11.15
Maintaining state when there is an Evidence of Need for Repair. () Operating Off Nominally
(D) Maintaining [ref 7] Analysis
Evidence of Meed for Repair
5.9 Integrated CBM+

PEPDS shall have a Performing SHIPALT state for the purpose of () Performing SHIPALT 2022.11.15
installation or removal of PEPDS, = perDs

53 |

55 [H 5112

56

[ref 45] [ref 7] [ref 50] Analysis

Complete Install | Remove

5.1 Ease of Installation as a Unit
PEPDS shall transition to Performing SHIPALT state to Initiate [ rePDS 2022.11.15
Install | Remove of PEPDS only if in a Shipyard. ) Performing SHIPALT

= Initiate Install | Remove [ref 7] Analysis

[ shipyard
5.1 Ease of Installation as a Unit

57

[ 51.1.2.2 Innovative PEPDS Operations

66 7 51.1.2.3 PEPDS Innovative Companents, 5
[3 51.1.3 PEPDS Performance Metrics

204 [ 51.2 Capability Requirements

Fig. 51: S1.1.2.1 Innovative PEPDS States, Modes, and Transitions
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65

E [ 51.1PEPDS Requirements
[ S1.1.1PEPDS Generic Power System Requirem
E [J 51.1.2 PEPDS Innovative Requirements
[ 51.1.2.1 Innovative PEPDS States, Modes,
E [ S1.1.2.2 Innovative PEPDS Operations

)

”n

[ 51.1.2.3 PEPDS Innovative Companents, 5
[ 51.1.3 PEPDS Performance Metrics
[ 51.2 Capability Requirements

PEPDS shall execute control, carry out protection, distribute
power, and manage thermals functions simultaneously.

Shutdawn of PEPDS should only be necessary while docked for
extensive maintenance or SHIPALT.

PEPDS shall be capable of receiving Electrical Power from all power
sources simultaneously.

PEPDS shall be capable of receiving Electrical Power in any form
from any power source.

PEFDS shall be capable of distributing Electrical Fower to all
Onboard Power Loads simultanecusly.

PEPDS shall be capable of distributing Electrical Power conditioned
for each individual Onboard Power Load.

PEPDS shall receive services from the Electric Ship in order to
manage its Environmental Load such as Chilled Water and Forced
Air as appropriate for the design.

(=l Peros

4 W2, 1 Control PEPDS

4 W22 Protect PEPDS

T4 W23 Distribute Power

4 W2.4 Manage Thermal Load of PEPDS
5.13 Integrated Power and Energy Pt
= Controlled Shutdown

(O Performing SHIPALT

(=l peros

& Shutdown

2.1 Maintainability

3 Reliability

5.1Ease of Installation as a Unit
] rePDS

[ onboard Power Sources

[ offboard Power Systems

5.14 Distributed Power Conversion
& W23 Distribute Power

[=] Electrical Power

= PerDs

= Blectrical Power

[ onboard Power Sources

[ offboard Power Systems

5.14 Distributed Power Conversion
4 W23 Distribute Power

& perDs

= Onboard Power Loads
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E [ 51.1PEPDS Requirements

3 51.1.1PEPDS Generic Power System Requirem

[3 51.1.2 PEPDS Innovative Requirements

= [J 51.1.3 PEPDS Performance Metrics

1 51.1.3.1 PEPDS RAM

B [ 51.1.3.2 PEPDS Operability

[ 51.1.3.2.1 Power Distribution

[ 51.1.3,2.2 Adaptability

B [7 51.1.3.2.3 Logistics

143

@ 5113231

PEPDS shall minimize LMS Manning achieving a maximum threshold
of TBD.

= rerps

@ LMS Manning

Q LMS Manning

[¥ Threshald = TBD

[ 2 Operability

[ 5.11 Simplified LRU Replacement
=] operability MoEs

= Logistics MoPs

£ B4MoEs

[ref 38]

Analysis

2022,11.15

144

@ 5113232

PEPDS should minimize LMS Manning achieving a maximum goal of
TBD.

= peros

& LMS Manning

=] LM Manning

[V Goal = TED

[&l 2 Operability

[&l 5. 11 Simplified LRU Replacement
= operability MoEs

Q Logistics MoPs

= B4 MoEs

[ref 38]

Analysis

2022.11.15

145

@ 51.1.3.2.3.3

PEPDS shall minimize LMS Training achieving a maximum threshold
of TBD.

= peros

@ LMS Training

Q LMS Training

[V Threshald = TED

[E 2 Operabiity

[E 2.2 Operator Trainability

[E 5. 11 Simplified LRU Replacement
= operability MoEs

= Logistics MaPs

=] B4MoEs

[ref 38]

Analysis

2022.11.15

146

[@ 5113234

PEPDS should minimize LMS Training achieving a maximum goal of
TED.

= rerps

@ LMS Training

= LMs Training

[ Goal = TED

[ 2 Operability

[&l 2.2 Operator Trainability

[&l 5. 11 Simplified LRU Replacement
& operability MoEs

Q Logistics MoPs

= B4 MoEs

[ref 38]

Analysis

2022,11.15

147

@ s113.235

PEPDS shall minimize Operator Manning achieving a maximum
threshold of TED.

=] perps

@ Operation Manning

Q Operation Manning

[ Threshold = TED

[El 2 Operabiity

[E 5. 11 Simplified LRU Replacement
= operability MoEs

Q Logistics MoPs

& B4MoEs

[ref 36]

Analysis

2022.11.15
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[@ 5113236

PEPDS should minimize Operator Manning achieving a maximum
goal of TBD.

= rerps

@ Operation Manning

Q Operation Manning

[ Goal = TED

[ 2 Operability

[ 5.11 Simplified LRU Replacement
& operability MoEs

= Logistics MoPs

£ B4MoEs

[ref 36]

Analysis

2022,11.15

149

@ 5113237

PEPDS shall minimize Operator Training achieving a maximum
threshold of TBD.

5] Peps

22 operator Training

2] operator Training

[ Threshold = TED

[&l 2 Operability

[&l 2.2 Operator Trainability

[ 5. 11 Simplified LRU Replacement
= Operability MoEs

Q Logistics MoPs

= B4 MoEs

[ref 36]

Analysis

2022.11.15

150

@ 5113238

PEPDS should minimize Operator Training achieving a maximum goal
of TBD.

= perps

@ Operator Training

Q Operator Training

[¥] Goal = TED

[E 2 Operability

[E 2.2 Operator Trainability

[E 5. 11 Simplified LRU Replacement
& operability MoEs

= Logistics MoPs

=] B4MoEs
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151

152

153

154

155

156

157

158

158
163
185

PEPDS shall minimize Cost for Support achieving a maximum
threshold of TBD.

PEPDS should minimize Cost for Support achieving a maximum goal
of TED.

PEPDS shall maximize Effectiveness of Suppart Capability
achieving a minimum threshold of TBD.

PEPDS should maximize Effectiveness of Support Capability
achieving a minimum goal of TBD.

PEPDS shall minimize its Installation Time achieving a maximum
threshold of TBD.

PEPDS should minimize its Installation Time achieving a maximum
goal of TBD.

PEPDS shall minimize its Removal Time achieving a maximum
threshold of TBD.

PEPDS should minimize its Removal Time achieving a maximum goal
of TBD.

£ 51.1.3.2.4 Affordability
[ 51.1.3.2.5 Quality of Service
[ 51.1.3.3 PEPDS Safety

[3 51.2 Capability Requirements

E rerps

[EZ cost for Support

E cost for Support

Threshold = TED

2 Operability

& operabiity MoEs

Q Logistics MoPs

& 84 MoEs

E rerps

[EZ cost for Support

E cost for support

Goal =TED

2 Operability

E operabiity MoEs

& Logistics MoPs

= B4 MoEs

E rerps

[EX Effectiveness of Support Capability
[E Effectiveness of Support Capability
Threshold = TBD

2 Operability

& operabiity MoEs

Q Logistics MoPs

£ B4 MoEs

= perps

[EX Effectiveness of Support Capability
[E Effectiveness of Support Capability
[ Goal = TED

2 Operability

& operabiity MoEs

& Logistics MoPs

] B4 MoEs

E= PePDS

& installation Time

E nstallation Time

Threshold = TBD

2 Operability

5.1 Ease of Installation as a Unit
& operabiity MoEs

Q Logistics MoPs

& B4 MoEs

& Installation Time

Goal =TBD

E rerps

EZ tnstallation Time

2 Operability

5.1 Ease of Installation as a Unit
& operabiity MoEs

Q Logistics MoPs

[ B84 MoEs

E= PePDS

E2 removal Time

E removal Time

[ Threshold = TBD

2 Operability

5.1 Ease of Installation as a Unit
& operabiity MoEs

Q Logistics MoPs

£ 84 MoEs

&= removal Time

Goal =TBD

E rerps

EZ removal Time

2 Operability

5.1 Ease of Installation as a Unit
& operability MoEs

Q Logistics MoPs

] B4 MoEs

Fig. 62: S1.1.3.2.3 Logistics Part 2
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I

[ S1.1.1PEPDS Generic Power System Requirem

[ 51.1.2 PEPDS Innovative Requirements

E [ 51.1.3 PEPDS Performance Metrics

[ 51.1.3.1PEPDS RAM

E [7 51.1.3.2 PEPDS Operability

[ 51.1.3.2.1 Power Distribution

[ 51.1.3.2.2 Adaptability

[ 51.1.3.2.3 Logistics

B [J 51.1.3.2.4 Affordability

160

[E su13.241

PEPDS shall minimize Operation Cost achieving a maximum
threshold of TED.

[ rePDs

£ operation Cost
& operation Cost
[¥ Thresheld = TED
[ 3.5 Affordability
(5] Operabiity MoEs
£ affordability MoPs
=l BaMoEs

[ref 38]

Analysis

2022.11.15

[E su13.242

PEPDS should minimize Operation Cost achieving a maximum goal
of TBO.

[ rePDS

[ operation Cost
& operation Cost
[ Goal = TED

[ 3.5 Affordability
(] Operability MoEs
£ affordability MoPs
5] B4MoEs

[ref 38]

Analysis

2022.11.15

162

[E 51.13.2.43

PEPDS shall minimize Implementation Cost achieving a maximum
threshold of TED.

[ rePDS

[ 1mplementation Cost
= 1mplementation Cost
[4 Threshold = TED

[ 3.5 Affordability

(] Operability MoEs

£ affordability MoPs
] B4MoEs

[ref 38]

Analysis

2022.11.15

163

[ 51.13.2.44

PEPDS should minimize Implementation Cost achieving a maximum
goal of TED.

5] pEPDS

[ 1mplementation Cost
& implementation Cost
4 Goal = TED

[&l 3.5 Affordability

(] Operability MoEs

£ affordability MoPs
] B4MoEs

[ref 38]

Analysis

2022.11.15

164

@ 51.13.24.5

PEPDS shall minimize Installation Cost achieving a maximum
threshold of TED.

5] perDs

[ 1nstallation Cost

£ 1nstallation Cost

[4 Threshold = TED

[ 3.5 Affordability

[ 5.1Ease of Installation as a Unit
(] Operability MoEs

£ affordability MoPs

] B4MoEs

[ref 44] [ref 50]

Analysis

2022.11.15

165

@ 51.13.246

PEPDS should minimize Installation Cost achieving a maximum goal
of TBO.

& 1installation Cost

4 Goal = TED

[ rePDS

[ 1nstallation Cost

[ 3.5 Affordability

[ 5.1Ease of Installation as a Unit
(] Operability MoEs

£ affordability MoPs

] B4MoEs

[ref 44] [ref 50]

Analysis

2022.11.15

166

[E 51.13.247

PEPDS shall minimize Removal Cost achieving a maximum threshald
of TBO.

[ rePDS

= removal Cost

[4 Threshold = TED

£ removal Cost

[l 3.5 Affordability

[ 5.1Ease of Installation as a Unit
(] Operability MoEs

£ affordability MoPs

] B4MoEs

[ref 44] [ref 50]

Analysis

2022.11.15

167

[E s113.2.48

PEPDS should minimize Removal Cost achieving a maximum goal of
TED.

= removal Cost

4 Goal = TED

[ rePDS

£ removal Cost

[ 3.5 Affordability

[ 5.1Ease of Installation as a Unit
(] Operability MoEs

£ affordability MoPs

=] B4MoEs

[ref 44] [ref 50]

Analysis

2022.11.15

[ 51.1.3.2.5 Quality of Service

185

[ 51.1.3.3 PEPDS Safety

20

£

[ 51.2 Capability Requirements
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E [ 51.1PEPDS Requirements

[

[ S1.1.1PEPDS Generic Power System Requirer

[ 51.1.2 PEPDS Innovative Requirements

80

B [ 51.1.3 PEPDS Performance Metrics

81

3 51.1.3.1PEPDS RAM

113

E [ 51.1.3.2 PEPDS Operability

114

=

[ 51.1.3.2.1 Power Distribution

131

=

[ 51.1.3.2.2 Adaptability

142

=

[ 51.1.3.2.3 Logistics

159

=)

[ 51.1.3.2.4 Affordability

m

[3 51.1.3.2.5 Quality of Service

169

@ s1.1.3.251

PEPDS shall minimize Mean Time to Resolve Service Interruption
achieving a maximum threshold of TBD.

Q Mean Time to Resolve Service Interru
[ Threshold = TBD

= peros

@ Mean Time to Reslove Service Interru
E operability MoEs

& quality of Service MoPs

£ B4 Moks

[ref39]

Analysis

2022,11.15

170

¥ 51.1.3.2.52

PEPDS should minimize Mean Time to Resolve Service Interruption
achieving a maximum goal of TBD,

Q Mean Time to Resolve Service Interru
[ Goal = TED

5 perDs

@ Mean Time to Reslove Service Interru
& operability MoEs

E quality of Service MoPs

& B4 MoEs

[ref 39]

Analysis

2022,11.15

171

PEPDS shall minimize Mean Time to Resolve Service Interruption for
Un-Interruptible Load achieving a maximum threshold of 2 sec.

Q Mean Time to Resolve Service Interru
[ Threshold = 2 sec

& reros

@ Mean Time to Reslove Service Interru
= operability MoEs

E quality of Service MoPs

E B4 MoEs

[ref 39]

Analysis

2022.11.15

172

[® 51.1.3.2.54

PEPDS should minimize Mean Time to Resalve Service Interruption
for Un-Interruptible Load achieving a maximum goal of 10msec.

Q Mean Time to Resolve Service Interru
[ Goal = 10 msec

(=] perDs

@ Mean Time to Reslove Service Interru
& operability MoEs

E quality of Service MoPs

] B4 MoEs

[ref 39]

Analysis

2022,11.15

173

PEPDS shall minimize Mean Time to Resolve Service Interruption for

Short Term Interrupt Load achieving a maximum threshold of 5 min.

Q Mean Time to Resolve Service Interru
[ Threshold = 5 min

[ perps

@ Mean Time to Resolve Service Interru
E operability MoEs

E quality of Service MoPs

E B4 MoEs

[ref 39]

Analysis

2022.11.15

174

PEPDS should minimize Mean Time to Resalve Service Interruption
for Short Term Interrupt Load achieving a maximum goal of 2 sec,

Q Mean Time to Resolve Service Interru
¥ Goal = 2 sec

(=] perDs

@ Mean Time to Resolve Service Interru
& operability MoEs

B quality of Service MoPs

] B4MoEs

[ref 39]

Analysis

2022.11.15

175

PEPDS shall minimize Mean Time to Resolve Service Interruption for
Long Term Interrupt Load achieving a maximum threshold of TBD.

Q Mean Time to Resolve Service Interru
[ Threshold = T8D

[ pePps

@ Mean Time to Resolve Service Interru
E operability MoEs

E quality of Service MoPs

E B4 MoEs

[ref 39]

Analysis

2022,11.15
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177

180

181

182

183

134

15 [ 51.1.3.3 PEPDS Safety
204 [ 51.2 Capability Requirements

PEPDS should minimize Mean Time to Resolve Service Interruption
for Long Term Interrupt Load achieving a maximum goal of 5 min.

PEPDS shall maximize Survival Service Time achieving a minimum
threshold of TED.

PEPDS should maximize Survival Service Time achieving a minimum
goal of TBD.

PEPDS shall maximize Survival Service Time for Un-Interruptible
Load achieving a minimum threshold of TBD.

PEPDS should maximize Survival Service Time for Un-Interruptible
Load achieving a minimum goal of TBD.

PEPDS shall maximize Survival Service Time for Short Term Load
achieving a minimum threshold of TED.

PEPDS should maximize Survival Service Time for Short Term Load
achieving a minimum goal of TBD.

PEPDS shall maximize Survival Service Time for Long Term Load
achieving a minimum threshold of TBD.

PEPDS should maximize Survival Service Time for Long Term Load
achieving & minimum goal of TBD.

Q Mean Time to Resolve Service Interru

Goal = 5 min

(=] pePDS

= Mean Time to Resalve Service Interru [ref 39]
=l operabiity MoEs

=] Quality of Service MoPs

& B4MoEs

= survival Service Time

Threshold = TED

= rePDS

= survival Service Time [ref 39]
= operability MoEs

E Guality of Service MoPs

] B4MoEs

Q Survival Service Time

Goal =TED

= pePDS

= survival Service Time [ref 39]
= operability MoEs

E quality of Service MoPs

& B4 MoEs

=] survival Service Time for Un-Interrupl
Threshold = TED

= rePDS

[ survival Service Time for Un-Interrupi [ref 33]
& operability MoEs

E quality of Service MoPs

= B4 MoEs

= survival Service Time for Un-Interrupl

Goal =TED

= rePDS

[ survival Service Time for Un-Interrupi [ref 33]
=] Operability MoEs

= Quality of Service MoPs

= B4 MoEs

= survival Service Time for Short Term T
Threshold = TED

=] pePDS

= survival Service Time for Short Term I [ref 39]
= operabiity MoEs

= Quality of Service MoPs

= BaMoEs

Goal = TED

= pePDS

= survival Service Time for Short Term T

& survival Service Time for Shert Term I [ref 39]
=l operabiity MoEs

E Guality of Service MoPs

= B4MoEs

= survival Service Time for Long Term Tr
Threshold = TED

= rePDS

= survival Service Time for Long Term Ir|[ref 39]
=l operabiity MoEs

E Guality of Service MoPs

] B4MoEs

=] survival Service Time for Long Term Ir

Goal = TBD

= pePDS

= survival Service Time for Long Term Ir|[ref 39]
= operability MoEs

E quality of Service MoPs

& B4MoEs
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E 7 51.1PEPDS Requirements

[] S1.1.1PEPDS Generic Power System Requirem

[ 51.1.2 PEPDS Innovative Requirements

El [ 51.1.3PEPDS Performance Metrics

] 51.1.3.1PEPDS RAM

[ 51.1.3.2 PEPDS Operability

Bl £ 51,1.3.3 PEPDS Safety

= [J 51.1.3.3.1Personnel Safety

187

[® s1.1.33.1.1

PEPDS shall minimize LRU s Liftability achieving a masximum
threshold of TED.

= perDs

& LRU s Liftability

= LRU s Liftability

3 Threshold = TBD

[E 2.3 safety

[& 2.3.2 Liftable

L& 5. 11 Simplified LRU Replacement
= Lrus

E crew

= safety MoEs

=] Personnel Safety MoPs
= B4 MoEs

[ref 50]

(Analysis

2022.11.15

[E 51.1.3.3.12

PEPDS should minimize LRU s Liftabiity achieving @ maximum goal
of TBD.

= peros

£ LRU s Liftability

= LRrU s Liftability

[¥ Goal = TED

L& 2.3 5afety

[E 2.3.2 Liftable

[& 5. 11 Simpiified LRU Replacement
& crew

= Lrus

£ safety MoEs

= Personnel Safety MoPs
=] 84 MoEs

[ref 50]

Analysis

2022.11.15

189

[® 51.1.33.13

PEPDS shall maximize LRU s Transportability achieving a minimum
threshald of TBD.

= rerDs

= LRU s Transportability
= LRU s Transportability
Threshold = TED

[El 2.7 safety

[& 2.3.2 Liftable

[E 5. 11 Simplified LRU Replacement
= crew

E trus

= safety MoEs

[E] rersonnel Safety MoPs
= B4 MoEs

[ref 50)

Analysis

2022.11.15

190

[¥ 51.13.3.14

PEPDS should maximize LRU s Transportability achieving a minimum
goal of TBD.

= perDs

& LRU s Transportability
= LRU s Transportability
[¥ Goal = TED

L& 2.3 5afety

[E 2.3 2 Liftable

[E 5. 11 Simplified LRU Replacement
= crew

= Lrus

£ safety MoEs

& Personnel safety MoPs
=] B4 MoEs

[ref 50

Analysis

2022.11.15

191

¥ 5113315

PEPDS shall maximize Thermal Safety achieving a minimum
threshald of TBD.

& rerDs

[ Thermal Safety

& Thermal Safety

[# Thresheld = TED

&l 3. 1 Serial Thermal Management
[E 2.3.1 Thermally Touchable

[E 2.3 safety

=] safety MoEs

= Personnel Safety MoPs

= B4 MoEs

[ref 24]

Analysis

2022.11.15

192

[¥ 51.1.3.3.16

PEPDS should maximize Thermal Safety achieving a minimum goal
of TED.

= rerDs

& Thermal Safety

= Thermal Safety

4 Goal = TED

[E 3. 1 Serial Thermal Management
[E 2.3. 1 Thermally Touchable

[E 2.3 Safety

= safety MoEs

£ Personnel Safety MoPs

= B4 MoEs

[ref 24]

Analysis

2022.11.15
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¥ 5113317

PEPDS shall maximize Electrical Safety achieving a minimum
threshold of TED.

= PerDs

£ Electrical Safety

= Electrical safety

[ Threshold = TED

[H 2.3.3 Electrically Insulated
[El 2.2 safety

£ safety MoEs

= Personnel Safety MoPs
=] B4 MoEs

[ref 36]

Analysis

2022.11.15

194

[¥ 51.1.3.3.18

PEPDS should maximize Electrical Safety achieving a minimum goal
of TBD.

& reros

= Electrical Safety

£ Electrical safety

[ Goal = TED

8l 2.3.3 Blectrically Insulated
L& 2.3 5afety

= safety MoEs

=] Personnel Safety MoPs
= B4 MoEs

[ref 36]
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[] 51.1.3.3.25ystem Safety

204

[ 51.2 Capability Requirements
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E [ 51.1PEPDS Requirements

I

[ S1.1.1PEPDS Generic Power System Requirem

[ 51.1.2 PEPDS Innovative Requirements

E [ 51.1.3 PEPDS Performance Metrics

[ 51.1.3.1PEPDS RAM

7 51.1.3.2 PEPDS Operability

= [ 51.1.3.3 PEFDS Safety

[ 51.1.3.3. 1 Personnel Safety

B [ 51.1.3.3.2 System Safety

196

[E s1.13.3.21

PEPDS shall maximize Tolerance to Environmental Loads achieving
& minimum threshold of TED.

(= perps

[ Tolerance to Environmental Loads
& Tolerance to Environmental Loads
[¥ Threshold = TED

[# =.1 serial Thermal Management
& safety MoEs

& system Safety MoPs

= BaMoEs

[ref 24]

Analysis

2022.11.15

197

[E s113.3.22

PEPDS should maximize Tolerance to Environmental Loads
achieving a minimum goal of TBD.

(=l peros

[ Tolerance to Environmental Loads
& Tolerance to Environmental Loads
[¥ Goal = TED

[# =.1 Serial Thermal Management
& safety MoEs

& system safety MoPs

=l BaMoEs

[ref 24]

Analysis

2022.11.15
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[E s1.13.3.23

PEPDS shall minimize Mean Time to Detect Cybersecurity Intrusion
achieving a maximum threshold of TED.

Q Mean Time to Detect Cybersecurity Ir
[¥ Threshold = TED

(=l perDs

[ cyberMTTD

[ 3.3.2 Cyber Security

[H 5.8 Automated Self-check

& safety MoEs

= system Safety MoPs

= BaMoEs

[ref 50]

Analysis

2022.11.15
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[E s113.3.24

PEPDS should minimize Mean Time to Detect Cybersecurity
Intrusion achieving & maximum goal of TED.

Q Mean Time to Detect Cybersecurity Ir
[¥ Goal =TED

[ perps

[ cyberMTTD

[E 3.3.2 Cyber Security

[H 5.5 Automated Self-check

& safety MoEs

& system safety MoPs

=l BaMoEs

[ref 50]

Analysis

2022.11.15

200

[E s113.3.25

PEPDS shall minimize Mean Time to Resolve Cybersecurity Intrusion
achieving a maximum threshold of TED.

[E] Mean Time to Resolve Cybersecurity 1
[¥ Threshold = TED

= peros

[ cyberMTTR

[ 3.3.2 Cyber Security

& safety MoEs

= system Safety MoPs

= BaMoEs

[ref 24]

Analysis

2022.11.15
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[E s113.3.26

PEPDS should minimize Mean Time to Resolve Cybersecurity
Intrusion achieving & maximum goal of TED.

E Mean Time to Resolve Cybersecurity 1
[¥ Goal =TBD

(= pepDs

[ cyberMTTR

[ 3.3.2 Cyber Security

& safety MoEs

= system Safety MoPs

= BaMoEs

[ref 24]

Analysis

2022.11.15

[E su.13.327

PEPDS shall minimize Mean Time to Contain Cybersecurity Intrusion
achieving a maximum threshold of TBD.

Q Mean Time to Contain Cybersecurity T
[ Threshold = TED

[ peros

[ cyberMTTC

& 3.3.2 Cyber Security

] safety MoEs

& system Safety MoPs

= BaMoEs

[ref 24]

Analysis

2022.11.15

203

[E s113.3.28

PEPDS should minimize Mean Time to Contain Cybersecurity
Intrusion achieving a maximum goal of TBD.

Q Mean Time to Contain Cybersecurity T
4 Goal = TED

[ peros

= cyberMTTC

[E 3.3.2 Cyber Security

[ safety MoEs

£ system Safety MaPs

=l BaMoEs

[ref 24]
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2022.11.15
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04
205
206

07

[ 51.1PEPDS Requirements

|E £ 51.2 Capabiity Requirements

B [ 51.2.1Control Capabilty Requirements
& [J S51.2.1.1 Control Capability Generic Requiré

The Control Capability shall control capabilities through Commands.
based on the Control Strategy.

| [ Control Capability

| commands

|2 control Strategy

|43 W2, 1,2 Control PEPDS Capabiities
| W2.1 Control PEPDS

|3 Map Control Strategy onto PEPDS Act
| Issue Prioritized Commands

ref 52]

20221115

208

i)

210

211

The Control Capability shall send Feedback with PEPDS status to
‘Ship Control and the Crew.

"PEPDS Feedback shall provide a projection of intended automatic
choices to the Crew.

B [ 51.2.1.2 Control Capabilty Innovative Req

‘The Control Capability's course of action shall be any independent
or coordinated use of PEPDS Capabilites.

| & ship Control

| crew

| Feadback

|43 W, 1.1 Contrel Information

[ref 521

[ref 52] [ref 54]

| Report on PEPDS

Control Capability

| &l PeFDS

| 5.5 Integrated Contral

| ¥ Determine Course of Action

| 3 W2,1.1 Control Information

| €3 W2.1.2 Control PEPDS Capabiities

[ref 48], [ref 47)

Analysis

Analysis

2022.11.15

|02.11.15

20221115

213

The Control Capability shall Issue Prioritized Commands to the
capabiites.

The Control Capability shall analyze capabilty needs based on
capabiity Feedback to Determine Course of Action.

[ref 50] [ref 52]

|8 5.5 Integrated Contral
5 W2.1 Control PEPDS

Control Capability

| T Analyze Capability Needs

| € Determine Course of Acton
| T w2.1.1 Control Information
|[E 5.7 Adaptive Controls

| Feedback

|3 W2.1 Control PEPDS

[ref 52]

Analysis

2022.11.15

2022.11.15

214

215

217

‘The Control Capability shall Determine Course of Action based on
the Control Strategy, Commands from Ship Control and Crew,
analysss of capability needs, power source supply, and power load
demand.

The Control Capability shall update the Control Strategy based on
Crew Commands, Ship Control Commands, analyzing Capabiity
Needs, power source supply, and power load demand.

The Control Capabilty shall analyze power load needs based on
power load Characterization and the Control Strategy.

' The Control Capability shall ensure system stabiity durng normal
operations while meeting all demands for Electrical Power.

| The Contral Capabilty shal direct PEPDS operations to ensure:
system stability by accommodating pulse loads.

| B Control Strategy

Control Capabiiity

PEPDS

|43 Determine Course of Action
|4 W2, 1.1 Control Information
| 5.7 Adaptive Controls

| 8] Feedback

;E Commands

| T Analyze Capability Needs

| € Analyze Power Load Demands
|9 Analyze Power Source Supply
|E crew

| = ship Control

| 8] Offooard Power Systems

| & Onboard Power Loads

[ref 52)

| B3 control Strategy

| Analyze Capabilty Needs

| (& 5.7 Adaptive Controls

|93 Update Contrel Strategy

| crew

| & ship Control

|2 commands

|3 W2.1 Control PEPDS

| € W2.1.1 Control Information

| 3 Analyze Power Load Demands
| € Analyze Power Source Supply
| ] Offboard Power Systems

| Bl Onboard Power Loads

| & Onboard Power Sources
Control Capability

(2] Characterization

ref 52] [ref 58]

[ref 52] [ref 58]

| & Analyze Power Load Demands
| W2.1 Control PEPDS

| B3 Blectrical Power

Control Capabilty

|l 5.7 Adaptive Controls

|3 W2. 1 Control PEPDS

| E8) Bectric Systems

:m PEPDS

Control Capabiity

[E 5.7 Adaptive Controls

| W2.1 Control PEPDS

| 5] onboard Power Loads

|EE] Offboard Power Systems

[ref 51)

[ref 51]

218

The Control Capability shall direct PEPDS operations to ensure
biity by

| The Control Capability shall direct PEPDS operations to ensure:
system stabilty by accommodating stochasitic loads.

Analysis

Analysis

2022.11.15

2022.11.15

|m22.1115

2022.11.15

(22,1115

| pePDS

Control Capability

[ 5.7 Adaptive Controls
|3 w2, 1 Control PEPDS

| & Onboard Power Loads
|8 Offboard Power Systems
|2 pePDs

fef 51)

[ref 51]

|4 W2.1 Control PEPDS
| & Onboard Power Loads
| B Offboard Power Systems

Fig. 68: S1.2.1 Control Capability Requirements Part 1
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M siz1z11

The Control Capabilty shall drect PEPDS operations to ensure
system stability by accommodating large loas.

| The Control Capability shall drect PEPDS operations to ensure
while servicing and

The Control Capability shall drect PEPDS operations to ensure
ility while d d ing sources.

224

by

The Cantrol Capabilty shall drect PEPDS operations to ensure

[@ 5.7 Adaptive Controls
3 W2.1Control PEPDS

3 Command Service Loads
3 W2.1Control PEPDS
3 W2, 1.2 Control PEPDS Capabilities
[E 5.7 Adaptive Controls
[ 5.2 Load Interface Design
3 Command Shed Loads
[= Onboard Power Loads
Offboard Power Systems
| B Control Capability
[ pees
3 W2, 1.2 Control PEPDS Capabilites
[ 5.7 Adaptive Controls
[ Onboard Power Sources
[ offboard Power Systems
3 W2.1 Control PEPDS
b Command Access Source Power
3 Command De-access Source Fower

[refs1)

[ref 52

Iref52)

(20221115

‘20221115

2022.11.15

[ Control Capabilty
[ peros

[H 5.7 Adaptive Controls
3 W2,1 Control PEPDS

] Onboard Power Sources
| B Offboard Power Systems.

Iref 51)

20221115

The Control Capability shall drect PEPDS operations to ensure
system stability by accommadating startup surge power.

| pePDS
[ Control Capability
[ 5.7 Adaptive Controls
[ Bectrical Power
Onboard Power Sources
[ Offboard Power Systems
3 W2.1Control PEPDS

[ref 51]

20221115

@ 5121216

The Control Capability shall drect PEPDS operations to encure
system stability according to priorities from an assessment of
PEPDS state and Crew Commands,

[ 5.7 Adaptive Controls
= commands
B crew

Iref 51)

20221115

227

@ s121.217

@ s121218

The Control Capabilty shall be able to Program Communication
Networks.

The Control Capability shall be able to Program Power Netwarks.

The Control Capabilty shal be able 1o Program PEPDS components.

The Control Capabilty shal provide an assessment of the mpact of
programmng tion networks, power networks, and
PEPDS components based on the Control Strategy in its Feedback.

Control Capabity

3 W2.1 Control PEPDS

3 W2.1.1 Contral Informaton
[8 5.5 Functional Contral

| Program Communication Networks
| & control Capabiity

3 W2.1 Control PEPDS

3 W2. 1.1 Control Information
[@ 5.5 Functional Control

T3 Program Power Netwarks.

| B8 control Capabilty

3 W2.1 Control PEPDS

3 W2.1.1 Contral Information
[@ 5.6 Functional Control

3 Program PEPDS Components
| Control Capabiity

[ control Strategy

[ rePDS

[ Feedback

3 W2.1 Control PEPDS

3 w211 Control Information
[ 5.6 Functional Control

[8 5.5 Automated Selfcheck.
T3 Assess Impact

3 Program Communication Networks
T3 Program Power Networks

| T3 Program PEPDS Comgonents

[ref 50)

Iref 50]

[ref 50]

Iref 5]

I (22,1115

22022.1115

20221115

‘221115

Analysis

231

The Control Capability shall Capture and Store Data to be used in
analyss for CBM+.

[ Control Capabilty

3 W2.1.1 Control Information
[H 5.9 Integrated CBM+

3 W2,1 Control PEPDS

3 Capture Data

| T3 Store Data

[ref 48], [ref 47]

20221115

Janalysis

232

8 su212.22

The Control Capabilty shall Transmit Data to support external
CBM+ actvities,

[ Control Capabilty

3 W2.1.1 Control Information
[@ 59 Integrated CBM+

T3 W2.1 Control PEPDS

7]

[ref 48], [ref 47]

2022.11,15

Analysss

233

235

EH s1212%

237 | B [ 51.2.2Protecton Capebiity Requrements
245 B [ 51.2.3 Bectrical Distribution Capabiity Require

The Cantrol Capabilty shall Per form CBM-+ analysis as instructed
by the Control Strategy.

The Cantrol Capabilty shall implement change o the Maintznance
Strategy based on data analysis, Sho Control Maintenance
Strategy, and PEPDS Control Strategy.

The Control Capability shall exequte self4eaming by tracking and
imgroving based on the Control Capabilty cperations, Cantrol
Strategy, Feedback from PEPDS capabiities and Commands form
Crew and Ship Control.

The Control Capability should be capable of self learning in order
to improve PEPDS performance over time.

[ Contral Capabilty

3 W2.1 Control PEPDS

[ control Srateqy

3 w2, 1.1 Control Information
[@ 5.9 Integrated CBM+

|13 Perform CBM+ Analysis

[ contral Capability

3 W2.1 Control PEPDS

3 w2, 1.1 Control Information
[ 5.9 Integrated CBM+

[ control Strategy

3 Perform CBM+ Analysis

| 8 commands

Control Capability

(= control strategy

= rers

3 W2, 1.1 Control Information
[& 5.4 Self Leaming

[ 5.9 Integrated CBM+

3 W2.1Control PEPDS

3 Track and Improve

(3 5.4 Seff Leaming
3 W2, 1.1 Control Information
| W2.1 Control PEPDS

[ref 48], [ref 47]

[ref 48], [ref 47

[ref 48], [ref47]

[ref 48], [ref 47]

2022.11.15

Analysis

[2022.11.15

Janalysis

‘221115

nalysis

2022.11.15

Analysis

%1 B [ 51,24 Thermal Management Capability Requir|

Fig. 69: S1.2.1 Control Capability Requirements Part 2
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# £ Name Text Traced To Source e Risk | Revision Date
Method

1 E3 51.1PEPDS Requirements
204 |B [ 51.2 Capability Requirements
205 [3 51.2.1 Control Capability Requirements
237 Bl [ 51.2.2 Protection Capability Requirements
238 = [ 51.2.2.2 Protection Capability Innovative B
The Protection Capability shall provide the Control Capability [EH] Protection Capability 2022.11.15
Feedback enabling protection related Commands. = Control Capability
= Feedback
= commands
= 5.5 Integrated Contral [ref 52] Analysis
7 Adaptive Contrals
5.13 Integrated Power and Energy Pt
74 W2.2 Protect PEPDS
T4 Send )
The Protection Capability shall Analyze Source and Load Interfaces [EH Protection Capability 2022.11.15
Characteristics in order to detect incipient failures. = perDs
71 Failure
& Analyze Power Source and Load Inter
74 W2.2 Protect PEPDS
5.13 Integrated Power and Energy Pt

The Protection Capability shall Analyze PEPDS Performance in Protection Capability 2022.11.15
order to detect incipient faiures. = Perps

239

[ref 50] Analysis

)

- & Analyze PEPDS Performance(context fref 501 [ref 58] Analysis
4 W22 Protect PEPDS
5.13 Integrated Power and Energy Pc
71 Failure

The Protection Capability shall Determine Operational Meeds for Protection Capability 2022.11.15
Safety, Performance, and Resilience based on the Control
" d Control Strate
Strategy and Commands from the Control Capability. = oY
Control Capability

= commands
-4 5.5 Integrated Control [ref 521 Analysis
5.7 Adaptive Controls
Integrated Power and Energy Pc
4 W22 Protect PEPDS
T4 Determine Operational Needs for Safe

The Protection Capability shall perform accurate diagnosis and Protection Capability 2022.11.15
prognosis when a failure event occurs. 3 W2.2 Protect PEPDS

241

242

5.2 Integrated CBM +

5.13 Integrated Power and Energy Pe [ref 50] Analysis
& Perform Diagnosis t Protection

4 Perform Prognosis(c
2] Failure

The Protection Capability shall Select Protection Response based Protection Capability 2022,11.15
on the diagnosis and prognosis of the failure event and the need @s.s

5.5 Integrated Control
for system safety, performance and resiliency. Lel S—— ontro

243

5.7 Adaptive Controls

Integrated Power and Energy Pe
& W22 Protect PEPDS

& Perform Diagnosis
& Perform Prognosis{co t
& Select Protection Response
4 Determine Operational Needs for Safe
] Failure

Y

[ref 50] [ref 52] Analysis

245 [ 51.2.3 Electrical Distribution Capability Require
261 [ 51.2.4 Thermal Management Capability Requir

Fig. 70: S1.2.2 Protection Capability Requirements
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= £ Name Text Traced To Source ‘ l::;::d Risk | Revision Date
1 [ 51.1PEPDS Requirements
204 B [ 51.2 Capability Requirements
205 3 51.2.1 Control Capability Requirements
237 3 51.2.2 Protection Capability Requirements
245 B [ 51.2.3 Electrical Distribution Capability Require
246 B [ 51.2.3.1Electrical Distribution Capability Gt
The Power Conversion Capability shall Convert Electrical Power Power Conversion Capabiity 2022.11.15
based on Commands from the Control Capability, & Electrical Power
= commands
247 [E&] control Capabiity [ref 501 [ref 52 Analysis
2 Convert

i W2.3 Distribute Power
[E2] Electrical Distribution Capability
Control Capability 2022,11.15
= Electrical Power
Energy Storage Capability
= commands
£1.2.3.1.2 Pawer Conversion Capability [ref 50] [ref 52] Analysis
T Store
74 W2.3 Distribute Power
[ 1 Problem Domain
5] Blectrical Distribution Capability
The Power Conversion Capability shall send Electrical Power to the | [E2] Pawer Conversion Capabiity 2022.11.15
Power Transportation Capability as appropriate. El Electrical Power
Electrical Distribution Capability [ref 50 [ref 52] Analysiz
& W2.3 Distribute Power
Power Transportation Capability
Power Transportation Capability 2022.11.15
= Blectrical Power
= commands
14 [E=] Control Capabiity [ref 501 [ref 52] Analysis
2 Transport
2 W2.3 Distribute Power
[E&] Electrical Distribution Capability

The Energy Storage Capability shall discharge Electrical Power to Electrical Distribution Capability 2022.11.15
the Power Conversion Capability based on Commands by the

C d
Control Capability, E5 commands

The Energy Storage Capability shall Store Electrical Power received
from the Power Conversion Capability based on Commands by the
Control Capability.

The Power Transportation Capability shall Transport Electrical
Power based on Commands from the Control Capabilty.

250

Control Capability

Energy Storage Capability [ref 50] [ref 52] Analysis
= Electrical Power

Power Conversion Capability

& W2.3 Distribute Power

The Power Conversion Capability shall receive Electrical Power [EZ] Power Conversion Capability 2022.11.15
from the Power Transportation Capability as appropriate. = Electrical Power

251

252

[E=] Power Transportation Capability [ref 50] [ref 52] Analysis

¥ W2.3 Distribute Power

[E2] Electrical Distribution Capability
The Power Transportation Capability shall send Feedback to the Power Transpartation Capability 2022,11,15
Control Capability. [ Feedback

Control Capability [ref 50] [ref 52] Analysis

& W2.3 Distribute Power
Electrical Distribution Capability
The Energy Storage Capability shall send Feedback to the Control [EZ] Energy Storage Capability 2022.11.15
Capabilty. [ Feedback

[E=] control Capabiity [ref 50] [ref 52] Analysis

¥ W2.3 Distribute Power
Electrical Distribution Capability
Power Conversion Capability 20221115
Energy Storage Capability

[ Blectrical Power [ref 50] [ref 52] Analysis

& W2.3 Distribute Power

Electrical Distribution Capability
The Power Conversion Capability shall send Feedback to the [EZ] Power Conversion Capability 2022.11.15
Control Capability. 2 Control Capabiity

= Feedback [ref 501 [ref 52 Analysis

i W2.3 Distribute Power
Electrical Distribution Capability
Power Conversion Capability 20221115
= Electrical Power
Energy Storage Capability [ref 50] [ref 52] Analysis
& W2.3 Distribute Power
Electrical Distribution Capability

253

254

The Power Conversion Capability shall receive Electrical Power
from the Energy Storage Capability as appropriate.

255

258

The Power Conversion Capability shall send Electrical Power to the
Energy Storage Capabiiity as appropriate.

257

253 B [F3 51.2.3.2 Electrical Distribution Capability Ir
The Power Transportation Capability shall Transport Electrical Power Transportation Capability 2022.11.15
z?ﬁgsg:f;:;‘f;ﬁcn;:::ds' either of which may be onboard or = Blectrical Power

% W2.3 Distribute Power

5.2 Load Interface Design

i Transport [ref 50] [ref 52] Analysis

[EZ] Electrical Distribution Capability

=] onboard Power Loads

[ onboard Power Sources

& offboard Pawer Systems
The Power Conversion Capability shall Convert source Electrical & V2.3 Distribute Power 2022,11,15
Power in nn.jEr to service loads from dE. to de, de to ac, ac to dc, ac B Electrical Power
to ac at various voltages and frequendies.

5. 14 Distributed Power Conversion

& Convert

= offboard Pawer Systems [ref 51] Analysis

= onboard Power Loads

[EZ] Power Conversion Capability

[ onboard Power Sources

[E&] Electrical Distribution Capability

259

260

261 3 51.2.4 Thermal Management Capability Requir

Fig. 71: S1.2.3 Electrical Distribution Capability Requirements
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# £ Name Text Traced To Source e Risk | Revision Date
Method
1 E3 51.1PEPDS Requirements
204 |B [ 51.2 Capability Requirements
205 [3 51.2.1 Control Capability Requirements
237 [ 51.2.2 Protection Capability Requirements
245 B3 51.2.3 Electrical Distribution Capability Require
261 E [3 51.2.4 Thermal Management Capability Requir
262 E [J 51.2.4.1Thermal Management Capability ¢
The Thermal Management Capability should regulate the thermal Thermal Management Capability 2022,11.16
load of PEPDS capabilities to minimize the Environmental Load on I pEPDS
253 [# 11 FEFDS. [ Environmental Load [ref 11] Analysis
4 W2 .4 Manage Thermal Load of PEPDS
4 Regulate PEPDS Internal Thermal Loa
The Thermal Management Capability shall regulate the thermal load Thermal Management Capability 2022,11.15
of PEPDS capabilities to protect Crew. = peros
& Personnel safety MoPs
264 1.2 [ crew [ref 11] [ref 52] Analysis
b W24 Manage Thermal Load of PEPDS
4 Regulate PEPDS Internal Thermal Loa
[ Environmental Load
The Thermal Management Capability shall regulate the thermal load [E=] Thermal Management Capability 2022.11.15
of PEPDS capabilities as necessary to maintain operations. = perDs
265 L3 & W24 Manage Thermal Load of PEPDS [ref 11] Analysis
= Environmental Load
4 Regulate PEPDS Internal Thermal Loa
The Thermal Management Capability shall regulate the thermal Thermal Management Capahility 2022.11.16
gidéou:;slpgasp;iﬁi;:lmes in accordance with the Commands from E Control Capability
= commands
266 .5 [ pePDS [ref 11] Analysis
T4 W2 .4 Manage Thermal Load of PEPDS
= Environmental Load
4 Regulate PEPDS Internal Thermal Loa
The Thermal Management Capability shall send Feedback to the Thermal Management Capahility 2022.11.15
267 ] s Control Capabilty [ref 11] Analysis
= Feedback
T4 W2 .4 Manage Thermal Load of PEPDS
268 B [J 51.2.4.2 Thermal Management Capability It
The Thermal Management Capability should utilize the Electric [E=] Thermal Management Capability 2022.11.15
g:g:;;g;:;ﬂletal services to regulate the thermal load of B Evvironmentsl Load
268 1 EI Environmental Management Services ref 14] analysis

4 W2.4 Manage Thermal Load of PEPDS
1 Serial Thermal Management
& Regulate PEPDS Internal Thermal Loa

Fig. 72: S1.2.4 Thermal Management Capability Requirements

87

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

11.3 System Model Appendix
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PEPDS 5 Year Plan %;
h Events and Milestones Task Plan PEPDS Architecture Team
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Events and Milestones Task Plan PEPDS Architecture Team
PEPDS 5 Year Plan

1

F External Files

L
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|

]

G Brainstorming/Background

]

I
&
Typical Power Distribution Components

2

PEPDS Innovations

PEPDS Innovations

S3 System Structure Brainstorming

&

83.x Cuzner Gray Box Class
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H Understanding the Model
1
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Model Navigation Road Ma.: Understanding MBSE

&

MBSE in PEPDS
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Model Navigation Road Map

|

| Archive
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]

Archived Task Plan Archived Model Changelog
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Archived W2.2.1 PEPDS Failure Examples

«activity »
Archived W2.2.1 PEPDS Failure Examples

Archived Model Changelog

__ —Model Navigation Road Map

MagicGrid Index

«comment»

Return to Road
Map or MagicGrid

Fig. 73

: 9 System Model Appendix

88

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.




Approved, DCN# 543-426-23

= A Term Description | Active Hyperink
R-M. Cuzner, R Soman, M. M. Steurer, T. A, Toshon and M. 0. Fn\nu ¥ Converters,” in IEEE Journal of Emerging and Sekected Topics in "
Ll [Brefy Power Sectrorics, vol. 5, n9. 3, pp. 25-38, March 2017, doi: frsrvs 2016,2616222. [2) httos: fecespiore.Jece org/document[7587363
. Soman, M. M. Steurer, T. A. Toshan, M. O. Faruque and R. M. nmu.'&z!andwnw MVDC Power 9 B " TEEE Journal of 5
2 [ ref2) |Emerging and Selected Topies in Power Electrorics, val. S, o, 1, pp. 40-50, Mareh 2017, dei 10. uugpms 2016.2625030. htps:/fecexplore.leee org/document/7736151
C. Mpatonic, og for G oh ,” PEPDS MagicDraw Instructions, 30-Aug-2021. [Onine]. BWEADPS. E
N [Brefa . [Accessed: xm-mzu, 2 htps:/Ir
"Expanded Work Breakdown Structure Weight Classification Guidance - SAWE, " SAWE ESWES RP 03042011, 04Mar-2011, [Onine]. Avaiiable: htips:/frww. sawe.org/fles/SAWE %20ESWES %:20RP % 200304201 .odf. [Accessed:
4 [ fref 4] 108 Hoy-20220, 2 heps: %2003042011,pcf
5 [t refs) INAVSEA, "SHIPBOARD HABITABILITY DESIGN CRITERIA AND PRACTICES MANUAL (suiﬂcE SHIPS) FOR NEW g NAVAL ), 2016, 5] )_HAB.paf
5 [t frefs) R Cumer, Functiondl !, University of , 2022, s/
7 [+ Fef7] 3. chaffant, ysho n System | PEPDS, Massachusetts Institte of Technology, 2022, [2) htips:
] [#) refa H. Ginn, 'DDG 1000 IPS Integration - Emsrpmsqn Symposium’, University of South Carolna, 2009 B htps: /e
K. ¥im, G. Roh, W. Kim, and K. Grun, * y Study on an Alternative Ship Propulsi Fudedty s, " Jounal of Marine Sdence and Engneering, val. 8, no. 3, p. 183, y
] [¥] ref9) Mr, 2020, dol- 10, [B) httos:/fwn. mdai,com/2077-1312/8/3/ 183htm
. ¥ing, C. Stuart, 5. Spence, and H. Chen, Fuel Cell Power Systems for T 1301213, January 2021, [Orline]. Avalsble: https: awsaops.
1 [ pef 0] X, Pyl ory 2021, FOnine] tos: rcpc: [2) https: . mds,com/2071- 1050133/ 121 3fpdf
11 _‘1 [ref 11 3. Ordonez, i wversi Miwaukee, 25 August, 2021,
2 [T refi . Cumer, 'Shio Service Loads’, umvs:wwwumﬂmam 11 August, 2021,
3 [t][ef 3] 'T. Cvetkovic, PEPDS Architecture(s) Brainstorming Meeting, Virginia Tech - Center for Power Electronics Systems, 18 August, 2021. s fvorkdecs frides. himl 980521929129 g8
" ) fref 19 3. chafant, Institute of Technoiogy, 17 September 2021,
i [+ Fef sl K. Vanshs, ystem of ", San Frandisco, 2013, h2-at-parts-workshop- sk, pelf
16 jﬁ [ref 16] 'OF DEFENSE TEST D, ONSIDERATIONS AND LABORATORY TESTS, " MIL-STD-810G, 31 Cct., 2008. td- td- .pf
7 [¥) Fefin |DEPARTMENT OF DEFENSE DETAIL SPECIFICATION, "ELECTRIC POWER EQUIPMENT, BASIC REQUIREMENTS FOR, "MIL-OTL-917F (SH), 05 Aug., 2014, [2) htw: leveryspec.comMIL-SPECS MIL-SPECS-MIL-DTLMILDTLS17F_51622/
13 + [ref 18] ‘MlLlTll\V SPECIFICATION, "ELECTRIC POWER EQUIPMENT BASIC REQUIREMENTS,” MIL£-317E (5H), 06 Aug., 1993, [€) http: fjeveryspec.com/MILSPECSMIL-SPECS-MIL £/MIL £-917E_] % 2D0TL y 20MILITARY %:20SPECTFIC ...
19 [t] fref 19] ‘OF DEFENSE INTERF/ THE CONTROL OF ELEC SUBSYSTEMS AND EQUIPMENT,” MIL-5TD-461G, 11 December, 2015, L-5TD MIL-STD-461G_53571/
E) [¥] ref 0] murmvsmmmn AIREORNE AND STRLCTLREBCRNE NOTSE NEASLREVENTS AND ACCEPTAIICE CRITERLA o SHIPBOARD EQUIPHENT, ML TD.7408 GHIS), 13 Jarary, 1665 6] MILSTOMILSTD ML STD-7408_10381/
21 7j fref21] IDEPARTMENT OF DEFENSE TEST METHOD, "MECHANICAL (TYPE 1 AND TYPE II - INTERNALLY EXCITED), “MIL-STD-167-1 (SHIPS), 01 MAY, 1974, @ i1 MIL-STD/MIL - )MIL-STD-167-1_22419/
2 [¥) Fef2al JALITARY SPECIFICATION, “SHOCK TESTS, L. HIGHHPACT) SHMOARD MACHINERY, EQUIPVENT, AND SYSTEMS, REQUIREMENTS FOR, " MIL-5-210D (NAVY), 17 March, 1988, [2) htt: leveryspec.comMIL-SPECS MIL-SPECS-MIL-5/MIL-5-901D_14581/
4 H "Reliability, availabiity, \C),” RELTABILITY, AVAILABILTTY, ITY, AND COST (R OUTLINE GUIDANCE, 28-Feb-2017. [Ordine]. Avalsble: B "
B periy 81 3.t -tk 205106 RAVE O ine-2017-07-07 5 o
L. Petersen, C. Schegan, T. S. Ericsen, D. Boroyevich, R. Burgos, N. G. Hingorani, M. Steurer, ). Chalfant, H. Ginn, C. DMarino, G. C. Montanari, F. Z. P C. Chryssostomidis, C. Cooke, and 1. Cvetkovic, Power Electronic.
= [T pef2q s Bt S oo o S i Frbaf iy ) hitp: s comfloreryjpeods planf
25 [t [ref 28 R. Cuzner, UWM_Ontology_PEPDS', University of Wisconsm-Miwaukee, 2022, hittps: /frepe 18¢
. Ko L T. 2 3 = W ¥ f | . . ode-31/Al -
2 ) refasl 0. K. Leonard and D, T. Snom, 'Eedm.wirwarfave- pmg?m:mu arfare - Office of Naval Research. [Gninel. 31/Al-Programs 312 B reos: . G
P Frenz, G. Roeder , D. ). Gantzer , and P. Baxter , ‘Systems engneering messurement primer - december 2010, 5 . [Orine]. Avaiiable: Fetps: |
7 [ ref2n b utieg Sl 21, [2) httos: e . pef
3 m [ref 28] M. 5. Racine, J. D. Parham and M. H. Rashid, "An overview of uninterruptible power supplies,” Proceedings of the 37th ial North American Power Symposium, 2005., 2005, pp. 159-164, doi: 10 1109/NAPS.2005. 15605 18.
B [ fref 28 Center fr Acanced P Systets,"Fom | Cens for Advanced Power Systes. [Orine], Avalsbie: htos: v, caps. foedu/. [cceseed: 21ay-2022), [2) https: . caps fou-edu/
0 (¥ [refa0] F. Yang, X, Song, F. Xu and K. -L. Tsui, "State-of-Ch: tion of Li IEEE A vol. 7, pp. 53792-53799, 2019, doi: 10.1109/ACCESS. 2019, 2912803 [£) https:/feeexplore. ieee org/document /8695733
. Olhauser's, Ener M) - DC/DC converter *Energy Converson Module (ECM) -DC, ter with ntegrated . 3202006, [Oriine]. Available: htos: .
31 [E) fref 31 ser's, "Energ ,m;l,gfgm,mdk;m;,mx,mum,wm"j:m;::d, e wm’?;ﬂ":mul_ fegrated supercps [Onine]. Available: https:/frwew. [B) hittps: . resear chyate. retjpublication/293382249_Energy_Conversion_Module_ECM_-_DCDC_converter_with_integrated_supercaps
“Appendix H - TS8090-310G approved 2015-2-16, ” ALTERATIONS TO SHIPS ACCOMPLISHED BY ALTERATION INSTALLATION TEAMS, 12-Feb-2015. [Onin]. Avalable: https: /v navsea.navy.
= [eeraa _Deriren? CH _ADDraved_2015-2-12.00f. [Accessed: 26-May-2022]. Pebigr=nt ke perored 2015 3-L2pf
‘DODrdabillv. Ve, e ekt - scotes 0D GUIDE FOR ACHIEVING RELIAGILIY, AVAILABLITY, AR MADNTABVAGILITY, 03y 2005, Brancl. s = o of
33 [¥) [ref 331 25%20G f. [Accessed: 26-May-2022]. 2 et o s
) [ fref 34 8 Rade T, ar.dnd.,-vmmmmm, 1, 05 ar 2019, [rire]. Ausiaies s | % y--himl. [Accessed: 22, [2) https: favnow.i.comen-usfrmovationswhite papers/13jnhat s-serviceabilty - html
35 [*) ref 33 B. . Blanchard, "Reliabilty, th ed., Harlow, Essex: Pearson, 2014, pp. 47-80. hittps:/frepe. 7
% [ [ref 368] M. Steurer, PEPOS Architecture,” 30-Apr-2021 [2) https: 30216208
"Life Data Analysis (Weibull Analyss),“Relabiity Life Data Andl bull Analysis) - Statistieal [Oriine]. Available: https: fuvew, weibul.comjbasics ifedata. htm.
7 [t beram s ), : R I e e ) htos: . weibl combascs fifedata bt
» [t ref 38] B. 5. Bianchard, “Introduction to Logistcs, i Logistics Engneering and Management, 6th ed., Harior, Essex: Pearson, 2014, po. 146, hitps:/f
» [t ref39] 'N_H. Doarry and D. H, Clayton, “Shipboard electrical power qualty of service,”IEEE Electic Ship Technologies Symposium, 2005, 2005, pp, 274-279, dor: 10, 1109/ESTS, 2005, 1524688 [2) httos: /fecexpiore. e org/document/ 152938
) [t [ref4q] IPEPDS Architecture Team, 'PEPDS Modeling Update’, CAPS, 2021. ) htips:/fr
e [t fef41l M. McCandiess et 5., “Thermal Analysis of MVDC Power Comdor,” 2019 IEEE Eiecinic Snp Technologies Symposim (ESTS), 2019, pp. 106-112, 6ol 10.1109/E5TS, 20198847881, =
1. Padila, aboard N = Aboard Navy Ships, 15-un-2021. [Onie]. Avaiiable: https: mit edujrandie/1721. /139049, [Accessed: 29- _
2 [ fref42) Jun-2023], s g foviea] Mg shardefir2l 1f z [2) htios: [dspace. rit.eduande 1721, 1/133043
43 ‘m fref 43] STAMNDARD, "HUMAN " MIL- ) 2020. (7] mMIL-STD/MIL-STD- 1900- 1459/MIL STD-1472H_57041/
B [ refaq "NPEC Concept,  Amazon WorkDocs. [Onine]. Avalable: htps: 9372451010010 5536282143720+ 2220395, [Accessed: 06-1ul-2022), 2 ttps:
ith Mischa & Jodie™ . [Online]. Avalable: https: fjrcpc. L. [Accessed: 15-
e ) befad [FeE e [orine] [ B heslk
3 [ pefaal Meeting with LTA" Amazon WorkDocs. [Onine]. Avaiable: https:/frope. awsapes. 2d2a5d8282. [Accessed: 15-3u-202]. [ httos: i 2d225d228:
7 [E) bef4n Conclon ot ke (XM ) Qb - ) httos: . dau.ed ook ~ £414)-Guckbock 0f%2000...
bcD ].NETRDL"HDV 4151,22 CONDITION-BASED MAINTENANCE PLUS FOR MATERIEL MAINTENANCE
a8 [+ e 3] vy L - 4] hts: esd s, 1-117https: fapps.  pdf
Sept2022,” rkDocs. [Orine]. Avaisble: hitps: frcpe.
il [F] ke [Accessed: 21-0c-2022]. [2) httos:
0 [t [ref 50 "PEPDS Innovations,” Amazon WorkDocs. [Orine]. Buesapgs. [Accessed; 22-5e0-2022]. 2 httos: /frepc.
- ) s "SME fesdback excel shest, Amazon WorkDoss, [Onine]. Avalable: hitos: fraoc. 470 16db453d0fsc 360333 3ad66d501T5 25431, [Accessed: 22-5ep- [y —
2022).
“ONR. by Ly Petersen, ” Amazon WarkDocs. [Onine]. Avalable: hitps: jrcpc. 1d55c 1521847 4731003213, [Accessed: i
52 [¥] trefs21 22.5ep-2022, [2) https:/} 1
53 [+ ref 53 Meeting with UTA, ” Amazon WorkDocs. [Oriine]. 7 10da%b05h: 1. [Accessed: 22-5ep-2023]. 3 htwsi/h 1
[rchuechre Ming (07 29 2020, ”Aman WakDacs. TOrincl, Aroebc: hpe: o cnores, bfa, [Accessed: i
54 [2) tref 549 o2022), ) ht 1dece 4
55 [¥] fref 59 ‘mmaﬂsmmmu o Magic Product Docmentain. [Onine]. Avatae: o loc.ramapi. com/dskay SYSHLP 190/Coeary 19145/ sML +oncepts. [Acceseed: 07-ar-2023). [2) https: jdocs. nomag y-+0f +5ysML+concepts
L. R. A. Ashman, "Troubleshoating problems in heat transfer systems, ” Process Heating RSS, 18-Oct-2012. [Oriine]. pr ) = TTaiins =
s “j ek [Accessed: 1553*2022] @ tps:/ i
57 [t pefsn Cybersecurity, DaD Instruction 8500.0 1, Department of Defense, Washington, DC, USA, 2012. Avaiable https: fuw. esd whs. _2014.pdf. [2) htus: . esd.whs. _2014.0dF
“Revew of PEP0S Needs,” {Onine]. Avaiible: htips: Fcp. awsapps. :
- [ pefsa) [Accessed: 21-0ct-2022]. 8 i/
/ALTERATIONS TO SHIPS ACCOMPLISHED BY ALTERATION INSTALLATION TEAMS TS8090-310G, APPENDIX H, NAVY MODERNIZATION PROGRAM MANAGEMENT AND OPERATIONS MANUAL, Feb. 12, 2015. Accessed: Oct. 25, "
2 [ befssl 2022. [Oniine]. Avalable: hitps: fsm ravsea ravy. (H_T55060-3106_Approved_2015-2-12 pdf 8 hps: = 4 L1t Aparoved 20152 L2pdr
- ] perea “Provisioring, Alowance and Fittng Out Support Manusl,” Amazon WorkDocs. [Oriine]. ;s . [EYr— I,

Fig. 74: Bibliography Part 1 of 2

&9

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.




Approved, DCN# 543-426-23

[2) hittos:/ peeexpiore.ieee.ong/document /7036377

[2) https: e fema.

uudes/cyber-A -

httpa: v, optiv.

[ hetpsi/fw W

® eee,

it i, ek,

[£) httos://en-academic. com/dic.nsfenmiki/ 1976377

- _STD_4708_78/

4 [ persg ;’gﬂs%i‘-;:;#m. b e i v - A pl udy,”" 2014 Management, 2014, pp. 1-8, dai: 10.1109.
= 5. Crawferd , £6., "Chemical, biclogeal, radaiogical and rudear (CBRN) office,"FEMA.gov, 30-Aug-2022. [Onlne]. Avallable: https: . fem. biclogicai-radelogeal-and. 2
[T pefoz . [Acceseed:
= T perey (Cyware, Fom ::he o TN C S Wﬁm:zwdmdu Cyware Labs, 18-Apr-2022, [Orine]. Avaisble:
o [ etsd "MTTD - mean time to detect,* Optv, 08-Oct-2018. [Onine], by i 20Time, done %200% 20a%
- 20cyber %20ncident, [Accessed: 22-Nov-2022).

€ [ frefos) M. Roy, 'S " Axonis, 09-Ape-2021, [Orline]. Avalisble: httpss . axorius, comblog/5 : that-matter, [Accessed: 22-Nov-2022]

3 ﬁ'] [ref 66] V. P, Arafles and L. L. Tumer, RFI/EMI automated measurement system (REAMS),” IEEE 1991 International Symposium on Electromagnetic Compatibity, 1991, pp. 446-451, doi: 10.1109/ISEMC, 1991. 148274,

= . ‘:m.auu, dangerous to M or health,” cmumm.ncn-umommn. 10-May-2019, [Onine]. Avaiiable: https: o 20t0%20lfe,

[ efen 200 % 20the %20md 2D, [Accessed:

] [ et ea) A [Online]. Available: [Accessed:

@ [¥] pefo8) _|m]_ britannica. [Accessed: 122).

x et [M. 8. Raichura, M. G. Chathani, D. D, Patel and K, D. Mstry, “Identficaton of Inrush and Fault Condibons in Power omputaton,” 2019 IEEE 15t Systems
/and Information Processing (ICESIP), 2019, pp. 1, dos 10, 1108/1CESIP46 348, 2019, 8938308,

2 (¢ pef 7 I i 20-3ul-2022. [Online]. Available: htips:/fawsen. . [Accessed:

7 [ ref 72 [MAINTAINABILLTY PROGRAM FOR SYSTEMS AND EQUIPMENT, MIL-STD—4708, 30-May el MIL-STOJMIL _STD_4708_78(

7 [¥] ref 731 RELIABILITY PROGRAM FOR SYSTEMS AND EQUIPMENT DEVELORMENT AND PRODUCTION, CE= 7855, 15-5ep-1960 [Onine]. Availsble: http:/everyspec.com MIL-STDMIL-STD-0700-0799 1L STD-7856_23780]

= [ [Matthew 3. vihite, “AN ANALYSIS OF CNO AVAILABILITY PERFORMANCE METRICS AND THEIR RELATION TO AVAILABILITY PERFORMANCE,"M.S. thess, Dept. ofNad. Sec. AF., NPS, Monterey, CA, USA, 2013 [Onine]. Avaiable:
Inttps://calhoun. nps.edu/handle/10945/34762

75 [V fref 751 "Cost variance, " AcaNotes, 17-Noy-2022. [Online]. Avalalie: . [Accessed: 2,

% ¥ bref 76) “Schecule variances, * Acaiotes, 25-5ep-2022, [Onine]. Avaiable: . [Accessed: 26 .

” [ et 77 &f:ﬁ?“ * welbul com d Relabiity Engineering. [Onine]. Avallable: https: e weibul htn. [Accessed: 30-

] [¥"] fref 78 (Www.nrel.gov. [Oniine]. o 2.0d. 3

] [¥] et 79) "Measuring agilty - AAU," [Orline]. Available: \pdf, [Accesped: 1.

= [+'] [ref 80] A A, Morkevicus, owledge: A to Systems g using Magict Ke Uthuania: Vitae Litera, 2018,
(C. Singam, vmmusnmmmm)'nﬁumﬂmummm dge (SEBoK), v, 2.7, R, ). Cloutier, Ed. Hoboken, NJ: The Trustees of the Stevens Institute of

a [ refon) Teislogy, 023 [k, ink el s Sy Enghentg. (SE). Thccessed: Mar 7, 2023 JNCAGR s armged s i i e el o Tu gy s

ERGEEE 5. Friedenthal, A. Moore, and R. Steiner, A Prax = to SysML: The Systems anguage, 3d ed. Amsterdam: Morgan Kauf _,2'01'4 -

™ [P efen “Enterprse Archtecture,” Integrated Enterprise Architecture (EA) Models - CATIA ' [orine]. £t
bext=C 2 [Accessed: 2.

B [V peras Vison 2020,” Coundi San Disgo, CA, USA, , 2007,

Fig. 75: Bibliography Part 2 of 2

90

E hittp: /feveryspec.comMIL-STD/MIL-STD-Q700-0799 /ML -STD-7858_23780/
[2) htts:/fcalhoun.nos.edujhandie/10345/34762
https://acanotes. com/atcnote /tasks fcost varlances

ttpss/ . welbud b
ttps: fww nrel.gov jdocs /fy 22051/80312.pdf

s e
https:fwwvws sebokid, org il Model-Based _Systems_Engineering_(MBSE)

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

+ | A Term Description References
1 |[t] acwe Actual Cost of Work Performed [ref 75]
2 |[t] 407 Administrative Delay Time [£] [ref 35]
3 | [t Bcwr Budgeted Cost of Work Performed [t [ref 751
4 |[tBcws Budgeted Cost of Work Scheduled [+ [ref 78]
5 |[t]erm built-in test [+ [ref 331
6 |[t]caps Center for Advanced Power Systems [t [ref29]
7 E] B Capacitor Bank ﬁ [ref 25]
8 | [t]caM+ Conditioned Based Maintenance Plus [t [ref o1
3 |[t] cern Chenmical, Biological, Radiological, and Nuclear [t] [ref52)
10 | [t] cepe Current Commutating Drive Circuit [t [ref 25]
11 | [t cHIL Contraller Hardware-in-the-Loop [t [ref 24
12 |[t] o Cost Performance Index [t] fref 751
13 |[Fcv Cost Yariance [t [ref 75]
14 1"] CyberMTTC Mean Time to Contain Cybersecurity Failure t [ref63]
15 | [£] CybermTTD Mean Time to Detect Cybersecurity Failure [t [refeq
16 1‘] CyberMTTR Mean Time to Resolve Cybersecurity Failure E‘ [ref 5]
17 | [t orTS Digital Real Time Simulator [t [ref 24
5| 1‘] ECM Energy Conversion Module Ej [ref 31]
19 [t Emc Electromagnetic Compatibilicy [+ fref o8]
[t] EMCB Electro-Mechanical Circuit Breaker [+ [ref 25]
21 | [t EM Electromagnetic Interference [t [ref 66]
22 | [t]Esm Energy Storage Module [+ [ref 25]
23 | [t Ews Electronic Warfare System [t [ef 261
24 | [t]Fa Fan Assembly [t] [ref 25]
25 | [t]Fal Filter Assembly ] [ref 25]
% ﬁ FH Flight Hours {i.e., Functional Hours) E [ref 23]
27 | [T Fvs Fast Mechanical Switch [+ [ref 25]
28 | [t HFxA High Frequency Transformer Assembly [t [ref 25]
2 | [t Hea Heat Exchanger [t ef 25]
30 [[t]14 Inductor Assembly [t [ref 25]
31 jt:] IDLH Immediately Dangerous to Life or Health ﬁ [refs7]
32 | [t iPeBB integrated Power Electronic Building Blocks [t fref24]
33 | :-] IPEC Integrated Power and Energy Corridor [ref 41]
34 :j IPES Integrated Power and Energy System [ref 24]
35 | [t]Lce Life Cycle Cost [+] [ref 38]
36 |[t]Lcs Load Commutating Switch [+ [ref 25]
37 | [t Lot Logistics Delay Time [t] [ref 35]
38 1‘1 LMS Logistics, Maintenance, and Support E‘ [ref 38]
39 | [t LRU Line Replaceable Unit [t [ref 6]
40 1“ LRUs Line Replaceable Units E‘ [refe]
41 | [£] mamT Mean Active Maintenance Time [t [ref 35]
42 | [t M Most Comman Denaminator [t [ref 24
43 1“] MCMT Mean Corrective Maintenance Time 1"‘ [ref 35]
44 | [t moT Mean Downtime [+ [ref 35]
45 | [t Mvm Maintenance Man Hours [t [ref 23]
4 | [t moE Measurement of Effectiveness [+ fref 27
47 E] MOHBFA Mean Operating Hours Between False Alarm E [ref 33]
48 | [£] MoP Measurement of Performance [t [ref 27
45 | [t mpmT Mean Preventative Maintenance Time [+ [ref 351
50 | [t MTBCF Mean Time Between Critical Failure [t ref33)
51 | [t MTeF Mean Time Between Faiure [t [ref 23]
52 | [t mTBM Mean Time Between Maintenance [t [ref 33]
53 1"] MTEOMF Mean Time Between Opsrational Mission Failure t] [ref 33]
54 1"] MTER Mean Time Between Repair 1"‘ [ref 33]
55 | [t MTTR Mean Time to Repair [t [ref 24
56 | [t] MYAC Medium Voltage Alternating Current [t [ref 24
57 | [£] moc Medim Voltage Direct Current [t [ref 24
58 | [t NiPEBE Navy iPEBB [+ [ref 7]
59 jtj NPEC Navy integrated Power and Energy Corridor ﬁ [ref42]
50 | [t MLSw No Load Switch/DC Discannect [+ [ref 25]
51 |[t] oBE Overcome By Events [+ [ref e8]
62 |[t]PcB Printed Circuit Board [t [ref 25]
63 [t pcm Power Conversion Module [+ fref25]
64 [t POM Pawer Distribution Module [+ [ref 25]
65 1‘] PEEB Power Electronic Building Block E [ref 24]
&6 | [t PEPDS Power Electronic Pawer Distribution System [t ref 24
67 | [t]PFD Percent Fault Detection [+ [ref 33]
68 | [t]PFI Percent Fault Isolation [t [ref 33]
89 |[t] PGM Power Generation Module [+ [ref 25]
70 | [t PHIL Power Hardware-in-the-Loop [t [ref 24
71 | [t]PMM Propulsion Motor Module E’] [ref 25]
72 | [t Ram Reliability, Availability, and Maintainability [t fref 23]
73 j RateCM Corrective Maintenance Rate jt_j [ref 35]
74 | [t RateF Failure Rate [+ [ref 35]
75 | [t] RatePM Preventative Maintenance Rate [+ [ref 35]
76 | [t]RTS Real Time Simulator [t [ref 24
77 | [t] sHrPaLT Ship Alteration [t] [ref 321
78 | [t soC State of Charge [£] [ref 301
79 | [t sp1 Schedule Performance Index [t [ref 78]
80 |[t] 555w Solid State Switch [+ [ref 25]
81 [t sv Schedule Variance [ [ref 76]
82 |[t] TeD To Be Determined [t [ref69]
83 | [t TEM Tactical Energy Management [t [ref 24
84 | [t THD Total Harmonic Disorder [£] [ref 70]
85 ﬁ TPM Technical Performance Measure 1’-] [ref 38]
86 ﬁ =3 Urinterruptible Power Supply [ref 28]
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# l Term ﬂ Description \| Active Hyperlink

1 Electrical Load An electrical load is an electrical component of a circuit that consumes electrical power.

2 Electrical Source An electrical source is a device that dissipates electrical power.

3 @ Fail Anything that degrades or disrupts the operation of the system. Response time varies.

allure Includes Faults.

Disruptive event to the normal operation of the system that requires immediate response

4 @ Fault of the system because of imminent danger to personnel or system inside or outside PEPDS.
Is a type of Failure.

5 @ Tappable Points at which Electrical Power provided by PEPDS may be accessed.
Changing system behavior by altering interconnections between components and/or

6 @ Reconfigurability selection of predefined options available for components, thereby treating components as
black boxes.

Z @ Reconfiguration see reconfigurability

N - Changing system behavior by altering internal functions of components, e.g. through

& Re-programmability firmware or software, thereby treating components as white boxes.

9 [ﬁ Programming see re-programmability

10 @ Program see re-programmability

11 [ﬁ Diagnosis identification of the nature and cause of a failure

12 @ Prognosis a forecast of the consequences of a failure if not addressed

13 @ Prognoses see prognosis

14 Diagnoses see diagnosis

Fig. 77: System Model Glossary
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Old VXE (Visualization eXtension Engine) or EyeSys ;O
System Fit into many classes of ships St
Simulation & PU o cswer
PEPDS vs.__ PEPDS Architecture “llities” Analysig, RIS
MVDCand MVAC  Studies " Programmable Efficient
/ Power Systems ilabl
Load and Source  Distribution System WI?E I
c | Control Control o~ Control” Resilient
ontro A(;d}itectx:}re A‘;T:tec.tt":e “hand Algor';lhms' ~ Real-Time On-Board Robust
and Algorithms and Algorithms %
. VAN / y Digital Control ’o Adaptable
New DRTS Hardware \ y DRTS Architecture of Power System Simplified Logistics
I
L4 P
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\ 1 | Affordable
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act [Activity] Events and Mlestones [ Events and Milestones | )

‘ Modification date H 3/8/23 11:21 AM

‘Last modified by H cealde

Legend
] Milestone

[C] PEPDS SystemModel Status

D PEPDS Architecture Development Update

|:| Event and Event Publications/Presentations

Federal Fiscal Years Are
October 1st to September 30th.

Q1: October - December

«comment»

Before October 1st 2020

October 1st 2020 to September 30th 2021

October 1st 2021 to September 30th 2022

Q2: January - March
D Other Q3: April - June
D Future Q4: July - September
«allocate» «allocate» «allocate» «allocate»

October 1st 2022 to September 30th 2023

o

\2
July 26th, 2020

Complete PEPDS White
Paper

April 30th, 2021

JE— Present PEPDS
Architecture Development
Update to LJ Petersen

T

2
May 21st 2021

First PEDPS Group Call w/
L.J. Peterson on PEPDS
Architecture Development
and Research

T

2
June 2021

Start Having PEPDS Bi-
Weekly Architecture
Drumbeat Meetings

T
v
July 2021

Cameo Model
Construction

T

August 27th, 2021

Present PEPDS
Architecture Development
Update to LJ Petersen

T

\2
September 2021

Start Having PEPDS Weekly
Architecture Drumbeat
Meetings

I

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

Begin PEPDS Architecture |

|

|

|

|

|

|

|

|

|

|

|

|

\2 I

November 15th, 2021 |

Engine as a Weapon |
International Symposium

X )

Paper Submission - The
Fundamental Shift in US
Navy Warship Power and

Energy System Design

October 14th, 2021

— > ONRPower Hectronics
Power Distribution
System Risk Reduction
Program Review
T

2
January 28th, 2022

Present PEPDS
Architecture Development
Update to LJ Petersen
T

\2
February 25th, 2022

Present PEPDS
Architecture Development
Update to LJ Petersen
T

April 1st, 2022

Present PEPDS
Architecture Development
Update to LJ Petersen
T

\2
May 30th, 2022

Complete 1st Draft of
PEPDS System Model for
MagicGrid Sections B1-S1

T

2
June 2nd, 2022

PEPDS System
Requirements Review 1/2
T

2
June 9th, 2022

PEPDS System
Requirements Review 2/2

\%
June 10th, 2022

Present PEPDS
Architecture Development
Update to LJ Petersen
T

\2
July 20th, 2022

Advanced Machinery
Technology Symposium

Presentation -
Development of a
Functional Architecture
for a Power Hectronics
Based Power Distribution
System (PEPDS)

I

2
August 5th, 2022

Present PEPDS
Architecture Development
Update to LJ Petersen
T

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\% |
September 2nd, 2022 |
Present PEPDS —
Architecture Development
Update to LJ Petersen

October 4th, 2022

— > Complete 2nd Draft of
PEPDS System Model for
MagicGrid Sections B1-S1

T

2
October 26th, 2022

Submit FY22Q4 Quarterly
PEPDS Quad Chart
T

\2
October 27th, 2022

ONR Power Bectronics
Power Distribution
System Risk Reduction
Program Review
T

\%
October 28th, 2022

Submit PEPDS Interim
Report
T

January 5th, 2022

Submit FY23Q1 Quarterly
PEPDS Quad Chart
T

\2
February 24th, 2023

Present PEPDS
Architecture Development
Update to LJ Petersen

T

\2
March 10th, 2023

Complete 3rd Draft of
PEPDS System Model for
MagicGrid Sections B1-S1

DATE
Publish Version 1.0 of
PEPDS System Model With
Accompanying Technical
Report

\2
August 2nd, 2023

|EEE Bectric Ship
Technologies Symposium

I |
I |
I |
I |
I |
I |
I |
I I
I I
| Papers -
(1) Baselining a Functional [
| Architecture for a Power |
Blectronic Power
| Distribution System for |
| Navy Vessels
(2) Determining Parameter [
| Objectives via Model- |
Based Engineering
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Fig. 84: Typical Power Distribution Components
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Fig. 85: PEPDS Innovations
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Fig. 88: MBSE in PEPDS
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Fig. 89: Archived Task Plan
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Fig. 92: Archived W2.2.1 PEPDS Failure Examples
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11.4 MagicGrid® Index Package Diagrams

11.4.1 MagicGrid® Index Package Diagrams for Problem Domain Requirements

pkg [Package] B1 Stakeholder Needs [ B1 Stakeholder Needs ])

|M0diﬁcati0n date H 1/3/23 1:46 PMl

|Last modified by H cealde |

1]

B1 Stakeholder Needs

th

i
B1 Stakeholde/T\Needs Table

r%‘

B1 Stakeholder Needs Diagram

=

. —Model Navigation Road Map

MagicGrid Index

«comment»

Return to Road
Map or MagicGrid

Fig. 93: B1 Stakeholder Needs Package Diagram
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11.4.2 MagicGrid® Index Package Diagrams for Problem Domain Behavior

pkg [Package] B2 Use Cases [ B2 Use Cases ])

IModiﬁcation date || 2/15/23 3:32 PMI

ILast modified by “ cealde I

B2 Use Cases

B2.1 PEPDS Use Cases B2.2 PEPDS States and Modes B2.3 PEPDS Scenarios
B2.1 PEPDS Use Cases B2.2 PEPDS étates and Modes B2.3 Operate PEPDS Scenario

)
__ —Model Navigation Road Map

MagicGrid Index

«commenty»

Return to Road
Map or MagicGrid

Fig. 94: B2 Use Cases Package Diagram

pkg [Package] W2 Functional Analysis [ W2 Functional Analysis J

IModiﬁcation date || 3/7/23 6:04 PM|

I Last modified by “ cealde |

|
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=| = = =
‘W2.1 Control PEIPDS ‘W2.2 Protect PEPDS 'W2.3 Distribute Power ‘W2.4 Manage Thermal Load of PEPDS

s

W2.1.1 Control Information
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W2.1.2 Control PEPDS Capabilities
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MagicGrid Index

«comment»
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Fig. 95: W2 Functional Analysis Package Diagram
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11.4.3 MagicGrid® Index Package Diagrams for Problem Domain Structure

pkg [Package] B3 System Context[ B3/W3 System Context and Logical Subsystems ]J

[Modification date|| 2/15/23 3:35 PM|

| Last modified by ” cealde |

Legend
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[] B3 Only Diagrams
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B3.2 System Context Interfaces
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B3.3/W3.3 Exchange Items W3.2 PEPDS Interface Diagram

2]

B3.3/W3.3 Exchange Items W3.2 PEPDS Interface Diagram
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Fig. 96: B3 System Context and Logical Architecture Subsystems

106

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited.



Approved, DCN# 543-426-23

11.4.4 MagicGrid® Index Package Diagrams for Problem Domain Parameters

pkg [Package] B4 Measurements of Effectiveness | B4 Measurements of Effectiveness | )

Modification date || 2/20/23 10:40 AM

Last modified by || cealde

I

B4 Measurements of Effectiveness
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B4 PEPDS MoEs B4 PEPDS MoEs traceci to B1 Stakeholder Needs
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Map or MagicGrid MagicGrid Index

Fig. 97: B4 Measurements of Effectiveness Package Diagram

pkg [Package] W4 Measurements of Performance | W4 Measurements of Performance ] )
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| Last modified by || cealde |
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Fig. 98: W4 Measurements of Performance Package Diagram
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11.4.5 MagicGrid® Index Package Diagrams for Solution Domain Requirements

kg [Package] S1 PEPDS Requirements [ S1 PEPDS Requirements | J
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Fig. 99: S1 PEPDS Requirements Package Diagram
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11.4.6 MagicGrid® Index Package Diagrams for System Model Appendix

pkg [Package] 9 System Model Appendix [ 9 System Model Appendix ])

‘Modification date |3/7/23 5:34 PM

‘ Last modified by | cealde
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Fig. 100: System Model Appendix Package Diagram
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